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MONOCARDIAN ANIMALS.

BEARY I,

ON THE NATURE AND RELATIONS OF MONOCARDIAN
ANIMALS : AND MORE ESPECIALLY OF FISHES.

CHAPTER 1.

PRELIMINARY REMARKS. — ON THE GENERAL NATURE AND
RELATIONS OF MONOCARDIAN ANIMALS.

(1.) WEe commenced our review of the animal king-
dom with the proposition that it presented certain primary
types of form, which, under a diversity of modifica-
tions, pervaded all the classes, and all the divisions, of
this part of creation. The assertion was altogether
novel, and somewhat startling, yet it was neither hastily
nor presumptuously made. Many years had been de-
voted to those researches necessary to ascertain its gene-
ral correctness, before we ventured to announce this
theory, four years ago, in our “ Preliminary Discourse.”
Ample time has thus been afforded for its refutation ;
but so far from this having been accomplished, it has
not even been attempted. We may fairly conclude,
therefore, that we are building upon no verv erroneous
VOL. I B




2 CLASSIFICATION OF MONOCARDIAN ANIMALS.

foundation; we may presume, in short, that if the facts
we have brought forward were capable of otherinferences,
and other combinations, those we have advanced would
long ago have been overthrown ; for mere individual opi-
nion has nothing to do with the question at issue. We
almost regret, indeed, that this has not been attempted
by some naturalist with talents and knowledge equal to
the task: such a discussion might have elicited many
truths, and have led to many useful explanations. But
the fact of the matter seems to be, that all those among
our own countrymen whose works have placed them
as the most eminent in the different branches of zoology
they respectively cultivate,—all these, we say, with
hardly a solitary exception®, have expressed their belief
in one or other of the propositions formerly stated.
That the old empiric mode of study is daily giving way
to the inductive or philosophical, is a fact which will at
once be placed beyond doubt, when we mention the
names of MacLeay, Kirby, Horsfield, Westwood, Ste-
vens, and Waterhouse, in entomology; Vigors, Sir
William Jardine, Selby, and Gould, in ornithology ; and
John E. Gray, in general zoology. Now here we actually
have the names of nearly all the most experienced
naturalists and best known authors in the kingdom, who
are thus, from their extensive knowledge of details, the
only competent judges. Each of these have adopted,
either wholly or partially, the theory of the circularity,
the parallelism, or the symbolical relationship of natural
groups. If the weight of authority, therefore, was to
become the test of truth, the Quinarians may well
exult in their strength. But this is not all,—the spirit
has spread far and wide: we could name a long list of
students, some indeed already masters, both in England
and our colonies, who have caught the spirit of induc-
tive zoology, and are now pursuing it with an ardour
and a success that will soon render them worthy to fill
the seats of those among us who may drop, full of years

#® T believe I should bring into this list our admirable entomologist Mr,
Curtis; but I kpow not exactly where his opinions have been expressed.




PRELIMINARY OBSERVATIONS. 3

and of honour, into the silent grave. The day, in short,
has gone by when mere opinions, unsupported by argu-
ments, will have any effect among those whom they are
intended to influence ; or when new systems, built on an
imperfect acquaintance with only one division of zoology,
will be at all regarded by those who can alone give them
notoriety ; for higher naturalists have long dismissed the
idea of studying nature under such narrow and purblind
views, QOur firm belief indeed is, that as these systems
of late have emanated only from students, their very
authors will throw them aside when greater experience
shows how artificial and futile they really are.

(2.) Inthe two most perfectly organised classes of ani-
mals, quadrupeds and birds, we have endeavoured to
show the prevalence of these primary forms, and the
harmony that results from tracing their modifications.
We are now to make a similar effort in respect to the
remaining vertebrated classes. Our investigation, how-
ever, of the natural arrangement of these animals must
be conducted, in part, on a different plan to that we
have pursued in ornithology. We must occasionally
adopt the synthetical rather than the analytical process
of investigation ; or, in other words, we must presume
that our propositions, in the abstract, are correct, and
that we have only to extend them to another class: we
do this, not from choice, but from necessity. In the
first place, the state of ichthyological science, to which
the greater part of our two volumes will be devoted,
however rapidly it has advanced in a knowledge of
groups and species, is, and long must be, from the very
nature of the animals upon which it treats, considerably
behind ornithology. Inhabiting an element whose re-
cesses cannot be explored by man, and with a peculiarity
of structure and of colouring which renders their bodies .
very difficult to preserve, the natural history (properly
so called) of fishes, when compared with that of ter-
restrial animals, will ever remain little more than a col-
lection of a few superficial anecdotes ; while, from the
difficulty of their preservation and the unattractive

B 2




4 CLASSIFICATION OF MONOCARDIAN ANIMALS.

appearance they then exhibit, few will study, and still
fewer will collect them. Hence the ichthyologist has
much greater difficulties to contend with, in regard to
materials, than he would experience in any other division
of the Vertebrata, while he finds himself totally at a loss
for that information on their natural habits, ¢ their lives,
and their loves,” which gives such a charm to the his-
tory of other animals, and excites such a popular interest
with the generality of readers. But to these difficulties
lying in the way of nearly all who write upon ichthyo-
logy, must be added others, more particularly applica-
ble to our present undertaking. So little has been done
towards a natural classification of fishes, more especially,
that to attempt those rigorous definitions we have ven-
tured upon in the class of*birds, would be altogether im-
possible. The synthetic mode of investigating our sub-
iect is, therefore, that which we shall in many instances
adopt. We shall set out, it is true, with the impression
that the same general laws which regulate the forms of
quadrupeds and birds will be equally apparent in mono-
cardian animals, But this belief is not to be received
as true, upon trust ; it is not to be unsupported by facts,
or to remain as a mere assertion. We shall not, indeed,
begin with analysing the smaller groups, and then gra-
dually proceed to higher assemblages; for this is the
analytical method of investigation—the very reverse of
the synthetic: we shall, on the contrary, take a com-
prehensive view of those large assemblages, or groups,
which nearly all our predecessors have agreed to keep
distinet, however they may have differed in their sub-
ordinate details, or in the series wherein they have
placed them. These we shall endeavour to define by their
most prominent characteristics, and combine in such a
way as that no palpable violation of nature should be
committed. We shall then proceed to the results: it
will then be seen how far this arrangement is in har-
mony with our previous disposition of the other Verte-
brata, and how far it is supported by the analogies or
resemblances that may be traced between them and the
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primary types, which we set out with supposing to
exist.

(8.) Our introductory notices will contain, as formerly,
a rapid sketch of the chief peculiarities of these classes,
more especially in regard to their external anatomy ; not
only as being that part of their structure most essential
for determining the species, genera, and families, but
also because it can be best understood and comprehended
by all. Our own classification, in fact, is as strictly
founded on anatomical organisation—even more so—
than those of any of our predecessors; with this differ-
ence only—that we have selected the more determinate
characters for the definition of our groups, rather than
resting them solely upon one or two, It is a law of
nature, that the internal and external anatomy are mu-
tual indexes to each other; and, therefore, to give a
preference to internal characters (manifested only to the
view by skilful dissection) over such as are apparent
externally, has ever appeared to us not only objection-
able, but absolutely unnecessary. The study of zoology,
from its vast increasing extent and consequent difficulty,
stands in need of every help and of every facility for its
acquirement. Comparative anatomy, indeed, is of the
highest importance in determining questions which
could otherwise not be solved ; but among vertebrated
animals, at least, this study seems to have been pushed
much too far; and if ichthyological groups are to be
regulated by the bones of the head and the armature of
the mouth, we may, with equal propriety, draw up an
ornithological system from the structure of the wind-
pipe, the form of the sternum, or the number of the ver-
tebre,* Were it possible to frame such systems — which
it manifestly is not—very many facts, of peculiar interest
to the mere comparative anatomist, would unquestionably
result. But the question arises, of what practical use
would they become? The great mass of mankind look

* Since this was written, a system, much on this plan, has actually been
but forth in one of our periodicals : the next month will probably bring out

another, founded on the structure of the gizzard, or the bones of the cra-
nium, to add to the ninety and nine that have already died natural deaths.

B 3




ﬁ CLASSIFICATION OF MONOCARDIAN ANIMALS,

to scientific men for placing the different branches of
human knowledge before them in the most easy and
comprehensible form consistent with sound philosophy ;
and however highly they may estimate the profundity
of those who expatiate on the intricacies of their art,
they will most assuredly follow and admire such writers
only as choose an opposite course ; and by the simplicity
~ of their instruction, and the facility with which their re-
searches may be verified, hold out attractions to those who
desire to see science disencumbered of all unnecessary
mystery, abstruse technicalities, or empirical assertions.

(4.) In prosecuting our labours upon these principles,
we shall, in the first place, inquire into the station occu-
pied by the monocardian animals in the zoological circle;
and then, taking each of thé classes of fish, amphibia,and
reptiles, separately, condense the most remarkable and
essential facts relative to their organic structure, both
internal and external. Of these three classes, IcaTnyo-
LoGY, or that which treats of fishes, will claim our first
and chief attention, not only as being by far the most
numerous and interesting, but also because it is that
with which we are most conversant. Ichthyology, in
fact, engaged our attention long before ornithology ; and
no opportunity has been lost, during a period of twenty-
three years, of making drawings and descriptions from
living specimens in all those foreign countries we have
visited. Many years' residence in Sicily and other parts
of the Mediterranean will enable us to give much inform-
ation, hitherto unpublished, on the rarer fishes of
those coasts, sufficient, at least, to show how imperfectly
they have as yet been made known. Our information on
the reptiles and Amphibia is more confined; but as the
determination of the natural groups, and not the species,
is our chief object, this circumstance becomes of less
consequence. In this we have derived much assistance
from the labours of our friends MM. Gray and Bell,
as well as from the numerous and valuable continental
works published of late years on these animals,

(5.) Fismgs, along with frogs and reptiles, constitute
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that great and primary division of vertebrated animals
which are distinguished by their eold blood, in oppo-
sition to the two classes of quadrupeds and birds, which
have their blood warm. In all cold-blooded Fertebrata,
the body is either naked—that is, merely covered by a
skin more or less thick—or it is protected by osseous
pieces or plates: in some, these plates are excessively
hard, and are joined together at their edges, as in tor-
toises, and in some few of the aberrant fishes; but in
the majority, both of the fishes and reptiles, the plates
assume that form denominated scales, the outer edge of
one reposing upon the base of the next.

(6.) The rank of the monocardian classes in the
circle of the Vertebrata has already been touched upon.™
All naturalists, both ancient and modern, agree in con-
sidering them — what, indeed, is self-evident— as the
most imperfect or least organised of vertebrated animals ;
from the types of which, as seen in quadrupeds and birds,
they are at once distinguished by their cold blood,— a
character which 1s perfectly absolute, inasmuch as no
exception has been yet discovered : for no quadruped or
bird, now in existence, has any other than warm blood.
M. de Blainville, we believe, was the first naturalist who
absolutely arranged the Amphibia, or frogs, as a distinct
class from the true reptiles. And although this im-
provement on the old method has not been adopted in
the Régne Animal, it has generally been followed by
subsequent naturalists. Indeed, the very circumstance
of the amphibians, as Cuvier himself says, passing from
the form of a fish respiring with gills, to that of a rep-
tile respiring by lungs, is quite sufficient to separate
them both from fish and serpents ; since this very struc-
ture points them out as forming a link by which the
two are connected. The scientific world, however, have
long made up their minds on this question ; and we thus
find the aberrant division of the vertebrated animals
resolvable into three others, namely, 1. Pisces, or fishes ;
2. Amphibia, or frogs ; and, 3. Reptilia, or serpents.

¥ Classif. of Quadrupeds, p. 45. Classif. of Animals, p 204,

B 4



8 CLASSIFICATION OF MONOCARDIAN ANIMALS.

(7.) The relations which these animals bear to
quadrupeds and birds may next be glanced at. Com-
mencing with fish, we find that the dolphins, porpoises,
and the other aquatic Mammalia without feet, were
always regarded by the ancients as true fishes ; and even
Artedi, the great renovator of ichthyology in the eighteenth
century, viewed them in this light. The passage, there-
fore, from quadrupeds to fish is absolutely perfect ; and
the affinity of the sharks to the dolphins shows that this
passage takes place among the cartilaginous fishes ; of
which Cuvier remarks, that they also evince an affinity
to the Reptilia. Fishes are remarkable, among their
other peculiarities, for being destitute of feet; these
members being replaced or represented by two sets of
fins ; the pectorals representing the anterior feet of four-
footed beasts, while the ventral fins equally represent
the hinder feet. But among the least perfect or aberrant
groups of this class we find these fins so constructed,
that they are placed on a jointed peduncle, so that they
have nearly as strong a resemblance to the foot of a frog,
or that of a swimming bird, as to a fin (fig. 1. @) ; nor
is this in appearance only ; for it has been frequently
asserted by those who have seen the Indian Chironectes,
or frog-fishes, alive, that those singular animals erawl
about by means of these foot-fins, and that they are
so far amphibious as to live comfortably two or three days
out of water. Their thick grotesque shape, naked and
tuberculated body, and their whole general aspect, give
them, in short, much more the appearance of frogs than
of fishes, — an assertion to which the most unscientifie
of our readers will acquiesce upon looking to the annexed
cut of the Malthe nasuta Cuv. (fig. 1.), accurately drawn
from a specimen we procured on the Brazilian coasts: (@ is
the pectoral fin.) Nor is this a solitary affinity between
the amphibians and the fishes; the whole of Cuvier’s
genus Chironectes, which is evidently a natural family,
abounds with similarly formed animals, where the gene-
ral aspect and characters of true fishes are so much
changed as to assume the appearance of frogs. Quitting
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the fishes by these compound animals, we enter among
the batrachians, or Amphibia ; composed of thefrogs, toads,
sirens, salamanders, efts, and a few other lizard-formed

animals, distinguished from all other Vertebrata by the
heart having but one auricle, the body naked, and the
whole animal undergoing metamorphosis before it reaches
maturity. All these are furnished with either two or
four feet ; but sometimes these members are so small,
that they appear more as rudimentary appendages ; while,
in their eel shaped bodies, they so much resemble
many of the apodal fishes, that it may hereafter become
a question whether the true passage between the classes
is not effected by the eels in one, and the sirens in the
other. So closely do the salamanders, again, resemble
the lizards, that none but professed naturalists can tell
their difference ; so that the classes Amphibia and Rep-
tilia are thus inseparably linked. The connection of
the saurian reptiles, or lizards, to the ophidians, or
serpents, need not here be insisted upon. The passage
from these latter to the gigantic Ichthyosauri is again
rendered easy by the Plesiosaurus, where the head and
neck of a serpent seems engrafted, as it were, on the
body of an Ichthyosaurus. Lastly, it is quite evident
that the flying lizards, or Pterodactyli, belong to the
same great group, and to the same era as the aquatic
monsters of a former world just mentioned ; and it is
equally certain, that of all the reptiles yet discovered,
these make the nearest approach to birds: the fore-
feet, in fact, were dilated into wings, like those of a
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10  CLASSIFICATION OF MONOCARDIAN ANIMALS.

bat, while the hinder ones were clearly intended for
walking : the jaws are enormously prolonged, analogous
in their length to those of a woodcock: the whole
structure, in short, is such an extraordinary compound
of a reptile and a bird, that no doubt can remain on
the affinity between the two classes ; for although the
passage is not marked by existing animals so clearly as
that between quadrupeds and fishes, it is quite evident
that the Pterodactyli are more allied to birds than to any
other vertebrated animals out of the class of reptiles.

(8.) By thus tracing the natural series of the verte-
brated animals according to their affinities, we find they
form one great circle. Commencing with quadrupeds, we
pass on to fishes ; to these succeed the amphibians and
the reptiles: these latter aye followed by birds ; and
birds, as already explained, bring us back again, by a
different route, to quadrupeds.

(9.) We are now to investigate, however, the truth of
another proposition formerly stated regarding natural
groups ; which was, that the aberrant divisions of every
circle formed a distinet circle by themselves, quite in-
dependent of their union with the two typical circles,
Now, the aberrant divisions of the Verfebrata are the
fishes, amphibians, and reptiles. Two questions there-
fore arise : first, I's there not a greater similarity between
these three, than there is between them and quadrupeds
and birds? and secondly, Is this similarity so strong as
to favour the belief that they actually do unite into a
circle of their own ? The first question must, of course,
be answered in the affirmative; for although an ordinary
observer might easily mistake an eel for a serpent, a
salamander for a lizard, a young frog for a fish, or
even a Chironectes for a frog, no one is likely to confound
any one of these animals with a quadruped or a bird.
As to the second question, we have the opinion of
Cuvier,—an opinion adopted by others, that many of the
cartilaginous fishes evince a decided affinity to the
reptiles ; and this is the very point where the two
extremes of the monocardian animals would meet, if
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they really formed a circular group by themselves.
Again, it is notorious that some of the eels of the
genera Murena, Ophisurus, &c. have so completely
the aspect of the water serpents, that it is only upon
the naturalist examining them, that their different
classes are detected.®* Upon the whole, therefore, we
must admit that every thing yet known regarding the
classes in question strengthens this belief, and adds
another instance to what we have seen among birds,
that the “ primary divisions of every group are three
actually, but five apparently.”

CHAP. II

ON FISHES IN GENERAL.

(10.) Fismes constitute by far the most numerous class
of vertebrated animals, whether we regard the number of
individuals, or the variety of their forms. When we
consider that more than two thirds of the globe is
covered by water,— that element peculiarly appropriated
for their habitation,—we shall not be surprised at this
superiority of numbers. On the contrary, we may
fairly suppose that not more than one half of the
species really existing have yet been made known.

(11.) The peculiarities in the inward form of fishes,
by which they are distinguished from all other animals,
need not be enlarged upon ; yet, as many of them, like
the eels, assume the form of serpents, and others re-
semble the young of the amphibian frogs, it is neces-
sary to characterise them as aquatic vertebrated animals,
breathing by means of internal gills, and undergoing

* The museum of the Zoological Society contains many striking illus.
trations of this fact.
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12 CLASSIFIOATION OF FISHES.

no metamorphosis. These gills, or branchia, as every
one knows, are composed of certain semicircular arches,
fringed, as it were, with thin fleshy processes, resembling
little leaves, or lamin®, having innumerable blood-ves-
sels: the water taken in by the mouth, again escapes
between the openings of the branchia, which are pro-
tected externally by certain bony plates united together,
yet generally movable, which are called the opercule,
or gill covers: this apparatus for breathing is variously
modified, but never lost, so that it is the primary cha-
racter by which fishes are at once distinguished from
reptiles and amphibians,

(12.) The operculum, or gill cover, just mentioned,
1s articulated on the os tympani, and is moved upon a

piece called the pre-operculum : it is composed of three

borry plates, termed the operculum, the sub-operculum,
and the inter-operculum; the modifications of which
are sometimes of much use in determining natural
affinities, In many groups, however (as in the eels),
the operculum is so entirely covered by the common
skin as not to be visible but upon dissection ; and
among the cartilaginous and some other fishes, the oper-
culum is entirely wanting.

(13.) The skenrron of all fishes, except such as
are lowest in the series, present a vertebrated column,
and other internal bones; but the structure of these
bones is very different, and, as may be expected, indi-
cate the primary divisions of the whole class. In the
most perfectly formed fishes, the bones are completely
osseous, and generally of great hardness: in another
large division, they are fibro-cartilaginous — that is to
say, the base or heart of the bones is of gristle, or is
cartilaginous, mixed only with fibres or layers of phos-
phate of lime, so that the texture is never so hard as in
the osseous groups just mentioned : some of these semi-
cartilaginous genera, indeed, have their bones quite
soft, and thus lead to the third group, or truly car-
tilaginous fishes, which, like the sharks and skates,
have their skeleton composed of gristle or cartilage
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only. In no fishes, however, is there any medullary
canal. 'The more perfect groups or orders have ribs,
but these disappear in many of the fibro-cartilaginous
genera ; and finally, in such as pass into the annulose
animals or insects, the whole skeleton is soft and mem-
branaceous: first the fins, then the eyes, and, finally,
the vertebrated column itself, almost disappear, so that
we have the mere external form of a worm, provided
with a mouth.

(14.) As fish are destined to inhabit an element
where motion is much more essential to them than
either to quadrupeds or birds, their Omnipotent Creator
has given them greater powers for sustaining this motion
than are possessed by any other animals in creation.
Their body, in fact, is surrounded by fins; and their
tail (the fin of which acts as a rudder) is generally
as thick, and often much longer than the body itself.
These are the only members adapted for motion pos-
sessed by fishes ; but their construction, number, and
position, are varied in almost an infinity of ways,
and thus contribute some of the most obvious and na-
tural characters for determining the different families
and genera. As the formation of the fins comes under
the head of external anatomy, we shall subsequently
treat of these members more at large.

(15.) The arr-BLADDER is situated immediately under
the spine : by being compressed or dilated, it influences
the specific gravity of the fish, and assists it in rising
or descending in the water. This vessel, however, is
very partially possessed ; and even its presence or ab-
sence may be detected in genera, and even species,
which are closely and internally allied, so that it be-
comes of no value whatever as a character for desig-
nating groups.

(16.) The mournm is sometimes provided with very
strong teeth, and sometimes entirely without ; and this
remarkable variation takes place in genera close to each
other, and even, according to some of Cuvier’s groups.
in species of the same sub-genus. The anatomical
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structure of the mouth may be thus described : — The
inter-maxillary bone, in most fishes, forms the edge of
the upper jaw, behind which is the os labiale, or max-
illary ; a palatine arch, composed of the palatine, the
two pterygonian processes, a jugal bone, a tympanie and
squamose bone, constitutes, as in birds and reptiles, a
sort of interior jaw, and supplies, behind, an articula-
tion to the lower jaw, which has, in general, two bones
on each side. In such fish as have teeth, these pro-
cesses are varied in innumerable ways : they are found,
for instance, on the inter-maxillaries, the maxillaries,
the lower jaw, the vomer, the palatines, the tongue, the
arches of the gills, and even on certain bones, behind
the latter, called by Cuvier ossa pharyngis.

(17.) A few other anatomical characters may be
briefly noticed. The nostrils are situated between the
eye and the end of the muzzle or upper jaw, and are
usually double, that is, opening by two perforations on
each side. The eyes are usually rather large for the
size of the body ; but in some types they become very
small, in which case they are always situated on the top
of the head, and are then termed vertical ; the cornea
is very flat, the aqueous humour small in quantity,
while the crystalline is nearly globular, and very hard.
The tongue is small, hard, and bony ; so that the taste
enjoyed by fishes, must be very trifling.® The stomach
and intestines present nothing essentially peculiar: in
the generality of fishes, the pancreas is represented
either by cewca of a peculiar tissue, situate round the
pyloris, or by this tissue itself, at the commencement of
the intestines : the kidneys are placed on the sides of
the spine ; but the bladder, contrary to what is seen in
quadrupeds, opens behind the anal and the generative
organs. The majority of fishes are oviparous ; but the
cartilaginous order, and a few others representing them,

* This sense, indeed, ia rendered almost unnecessary, for the great ma.
jority of fishes swallow their food whole. This is one of the great charac-
teristics of the fissirostral type of birds; and as the fishes represent the

same type in the circle of the Verfebratla, we are accordingly prepared to
expect such coincidence.



EXTERNAL ANATOMY OF FISHES. — FINS. 15

are viviparous, the young being protruded through a
very short canal.

(18.) On the external anatomy of fishes, and of
their natural history, we shall be less concise. Next to
the structure of the bones, the fins claim our greatest
attention ;since itis anacknowledged fact, that the organs
of locomotion are those which have furnished the best
characters, above all others, for distinguishing the various
subdivisions, not only of vertebrated, but of annulose
animals. We shall first describe their number and
position, and then point out several interesting con-
clusions resulting therefrom.

(19.) There are rive sorts of vIns possessed by the
typical groups ; which are named pectoral, ventral, anal,
dorsal, and caudal : the two first of these are in pairs, and
are the most important, inasmuch as they represent those
members in the higher organised FVeriebrata, that are
called legs and wings. The pectoral fins, in fact, are
only the anterior feet of quadrupeds, and the wings of
birds, presented under a new and strikingly different
form : the three other fins are single, or, in other words,
they are not in symmetrical pairs. Each of these will
require a separate consideration, more especially as they
have hitherto been regarded with little attention.

(20.) The pectorals are, obviously, the most im-
portant to fishes in general ; because we find them in
groups, where several of the other fins are wanting, and
it is only among the lampreys, and a very few genera, so
low in the scale as to form a passage to the worms, that
they disappear. In the majority of fishes they are of the
same moderate size as the ventrals, but in particular fa-
milies they become much more developed: theyarealways
composed of flexible*, and, generally, branched rays,
s0 as to yield to every stroke on the water made by fishes
in the act of swimming. When the shape is pointed
or triangular, the first ray is either very strong or spinous.
This spine, in the silure family, is not only remarkably

* The only exception we are aware of at this moment, is a small species of
blenny, the B. variabilis of Rafinesque, whose pectoral rays are all spinous.
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thick, but is generally barbed on one or both sides, so
that it becomes a formidable weapon of defence. The
great importance of the pectoral fin to the rapid motion
of fishes is still further manifested by the fact that, in
all such groups as are peculiarly rapid, the pectoral
fin is pointed, or rather triangular. The flying fish, the
tunny family, the rays, are familiar examples of this
form in its highest state of development; while we
find the same, in a less degree, among the Spari, the
herrings (Clupeide), the typical cod-fish, Gadiade,
and many others. These, in fact, are nearly all pelagic
fishes, performing, like fissirostral birds, either annual
migrations, or living almost entirely in the open sea
except at the breeding season. In such families, on the
contrary, as live in rivers and lakes, or only in shallow
rocky shores, the pectoral fins are always round. The
whole of the apodal or anguilliform order, in which are
the eels, the lampreys, and the suckers, together with
the blennies, gobies, the rocklings (Motella), and nu-
merous other families, are of this description. Even the
T'riglidee, or gurnards, and their allies, although their
pectorals are of an extraordinary size, yet, with the ex-
ception of those of the fissirostral types, they are always
round ; and it is well known that these fishes keep near
to the shore, and live near the ground. There are some
singular modifications of the rounded pectoral, which
deserve particular notice ; for they are either, 1. partially
cleft ; 2. digitated ; or, 3. very broad at their base, and
extended under the throat. Examples of the first
are seen in the genera Lepidopus and Cheilodactylus,
and in a very few others, where the middle rays are
shortest, so that the fin appears lobed in the middle ;
but in the last named genus, some of the lower rays, or
those nearest the belly, are much longer than the others:
the fin has thus an appearance of being injured. The
pectoral of Cephalocanthus is represented (Cuv. pl. 78.
77.)* as being rounded, but divided in the middle,
without any diminution in the length of the rays. In

* 1 have not had an opportunity of examining this rare fish.




PECTORAL FINS. 17

Cirrhites, again, the last five rays are not only spinous,
but much thickened and prolonged beyond the mem-
brane ; a structure which excites a strong suspicion of
this genus being analagous, in its own circle, to Cheilo-
dactylus ; and this seems the intermediate state of deve-
lopment leading to the next. 2. Digitated pectorals
are exclusively confined to the typical Canthileptes, or
gernards, and spine cheeks ( Scorpenide). Among the
first, and particularly in the genus T'rigla, there are
three detached, finger-like processes, unconnected by
any external membrane, which are situated just before
the lower base of the pectorals, and which almost appear
to be detached rays of this fin, much thickened, and
somewhat removed from the connected rays. In the
Mediterranean and Atlantic Dactylopteri, these ex-
traneous rays are united by a membrane, so as to form
a spurious or supplementary pectoral ; while in those
from India, of which there now appears to be several
species*, this supplementary fin is united to the true
pectoral so as to form but one. The pectorals of nearly
all the remaining families of this tribe have the lower
rays, or those nearest the throat, thickened ; much in
the same way as in Cirrhifes, but with this difference,
that the fins are so broad at their base, on account of
the number of rays, that they are often carried half-way
under the throat; a character so very peculiar, that we
look upon it as a distinct modification. It seems pro-
bable that this unusual strength is given to such fish as
have very large heads, for the purpose of additional
support ; for it will be observed that the heads of all
these genera are not only large, but particularly heavy,
on account of the bony armature with which this part
is covered ; and it may be further remarked, that it is
among small headed fishes we find the most delicate
pectorals. In truth, however, nothing can be affirmed
with any degree of confidence on the reasons of these
variations from the ordinary structure. We cannot,
as in land animals, watch the habits and explore the

* See the Appendix, wherein these are described
YOIL. I. C
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haunts of these marine creatures : the most we can do,
is to found our conjectures, on such matters, upon ana.
logical reasoning,.

(21.) The pectoral fins, as being the wings of fishes,
are consequently found in the highest state of develop-
ment in such families as represent the fissirostral and
natatorial birds, whose powers of flight are so superior to
others. Hence we find that in the two chief families
of the cartilaginous order, namely, the sharks and rays,
these fins are universally very large, and in the latter they
are so much developed as to cccupy more than one half
the surface of the body ; they appear, in fact, to be sur-
rounded and enveloped in their enormous pectorals,
which, being generally angulated or pointed, must give
to these rapacious monsteys a swiftness of swimming
analogous to that possessed by their representatives, the
swallows, in flying. The pectorals of the sharks,
although not proportionably large, still exceed all the
other fins in size; and thus render them such rapid
swimmers. The actual volatile powers of the flying-
fish is, likewise, entirely owing to the enormous size of
their pectorals ; but there is nothing peculiar in their
shape or construction, since they merely have the form
and structure of an ordinary pointed fin, only excessively
enlarged. Now, as we find these fins are very complete
in fishes which are constantly moving about in their
watery element, as birds do in the air, so, among such
as are more stationary, and swim but little, the pectorals
are proportionably small : this is particularly observable
in the family of the Plenronectide, or flat fish, whose
whole structure is adapted for laying flat upon the
bottom of the sea, and there waiting for their prey in
ambuscade. These fishes, in proportion to their size,
have the smallest pectorals in the whole class ; while
the flying fish, which habitually live only in the wide
ocean, and are perpetually traversing it, have the
Jargest. The Lophide, or fish-frogs, again, may almost
be said to have no real pectoral fins, inasmuch as these
members are so formed as to perform the office of feet,
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with which they doubtless crawl on the bottom of the
sea, just as they are known to do when placed upon
land. The pectorals of the Malthe nasuta, as before
remarked (fig. 1. a), are rather paddles, or cartilaginous
lobes, than real fins ; the rays are numerous, but so close
together, and the membrane which connects them so
tough and inextensible, that we feel fully persuaded they
are more used for walking than for swimming.

(22.) Having just mentioned the processes of the
pectoral fins in the T'riglidee, we may here notice those
of the genus Polynemus, which are strikingly analogous
to, although very different in structure from, the digitated
processes of the former. The general form of these
fishes bears much resemblance to the grey mullet,
while their serrated gill-covers show a relation to the
percoid families ; from both of these, however, they
are too distinct to be classed as a subordinate group ;
while the fact of these and the T'riglide being the only
genera possessing pectoral processes, has induced us to
class them as the representatives of each other. In
Polynemus, these processes assume the form of slender,
setaceous, and articulated rays, varying in different spe-
cies from four to ten on each side, where they are inserted
a little in advance of the pectoral, and are sometimes so
long, as in P. paradiseus, as to exceed the entire length
of the whole fish. Although this and several other spe-
cies are by no means uncommon in India, the use of
these processes remains to this day entirely unknown.

(28.) The veEnTRAL fins rank next to the pectoral, as
representing the hinder feet of four-footed animals, and
thelegs of birds. That they are less necessary, however,
to the swimming motion of fishes, than either the dorsal
or caudal, may be presumed from the fact, that in the en-
tire order of Apodes, or eels, these fins are totally wanting:
they are the smallest in size of all the others, but by no
means always so. In general they are less than the pecto-
rals, often of the same size, and very rarely, as in Gym-
netrus and Zeus, considerably larger. Much diversity is
observable in their situation and form: like the pectorals,

¢ 2
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the rays are always soft ; but theose in the spine-rayed
fishes are strengthened by an external spine, which of
course is never branched. Linnaus employed the situ-
ation of the ventral fins to construct some of his primary
divisions; classing together those which had the ventral
placed before the pectoral, those in which it was imme-
diately beneath, and those where it was placed behind.
This plan did very well in the infancy of our science;
but it was soon discovered that this artificial arrange-
ment separated the most natural and connected genera
into different orders, and that even, if rigorously acted
upon, individual species would be similarly dissevered.
M.:Cuvier has therefore, with much propriety, rejected
these divisions, and yet not so thoroughly but that some
of his great groups are formed nearly on the very same
artificial principles as those of Linn®us.* The situation
of these fins, however, is by no means unimportant,
when used for subordinate characters: in some, as in
Pteracles and Uranoscopus, they are placed immediately
under the throat; in others, as the sharks, they are
nearly half way between the pectoral and the caudal ;
while in that extraordinary genus, Polypterus, it is
close upon the base of the caudal fin.

(24.) The shape is no less diversified : in the great
majority of fishes it is symmetrical with the pectoral fin;
both being either round, as in the Labrine, or pointed,
as in the Sparine. Several instances occur, however,
where this uniformity is disturbed: in some of the
Cheaetodonide, the pectorals are obsoletely rounded (as in
Platax teira Cuv. ), but the ventrals are particularlylong
and pointed ; while in Tauricthys varius (if the figures
of these two singular fishes are correct) the pectorals are
acutely pointed, while the ventrals are decidedly rounded.
We cannot but entertain some suspicions, however, on
the correctness of these figures; and, indeed, the diffi-
culty of making accurate drawings from preserved fish,
whether dried or in spirits, is frequently so great, that

# Such, for instance, as the divisions of the order Malacopteryges, and
the insertion of Trachinus and Uranoscopus amoeng the perches, because
they have jugular ventrals.
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some allowance must always be made on this head, even
to the best artists. The more unusual forms of the
ventral fin may now be noticed. Sometimes it is
single, and merely represented by a prickle, as in
Psettus Sebii, and a large number of the cheloniform
fishes (Balistes Linn.) ; more rarely there are two spines,
representing the two anal fins; for although, strictly
speaking, the bony processes in the cheloniform
fishes are not real ventrals, yet, as they perform the
same office, and are placed in the same situation, we
see no reason why they should not be so termed. In
the type of the genus Xiphias, or sword-fish, the ven-
trals are entirely wanting ; but in the sub-genus His-
tiophorus they consist of two slender cirriform filaments,
either of equal lengths, as in H. indicus, or with one
shorter than the other, as in H. pulchellus. The ma-
jority of the Gadiade, or cods, and of the Blennide, or
blennies, show us an equally slender form of ventrals ;
sometimes with a single worm-like ray, forked towards
the middle, as in the hakes (Physis Cuv.); and some-
times with three, four, or five other rays: yet these
latter are generally so diminutive, that they become
merely rudimentary. Five soft branched rays, and
one spined or stronger one in front of the others, is
the usual number seen in the ventrals of ordinary fishes,
The most remarkable modification in the form of this
fin is seen in the sucking or adhesive fishes, of which
there are two distinet groups, both possessing the power
of adhering, by this member, to other substances, but
very different, not only in their general organisation,
but in the structure of those members by which this
property is performed. One of these is the family of
gobies, Gobiade ; the other, that of the Cyclopterine, or
true suckers: in the first, the two ventral fins are
united, so as to form a circular funnel. Upon what oc-
casions, however, this instrument of adhesion in the
gobies is used, remains at present unknown. Montagu
has observed, that in live gobies which he has captured,
and put into vessels of water, no instance occurred
c 3
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of the fish adhering to the sides, or to the hand.
This perfectly accords with the result of our own
observations upon a great number procured on the
coasts of Sicily, where this genus abounds. Never-
theless there can be no doubt of these fins being
formed for suction ; and the probability seems to be
that they are only used in stormy weather, when the
water is violently agitated. After such commotions of
the sea, we have frequently picked up on the beach
many small fishes seldom seen on other occasions ; but,
although the gobies are nearly all very small, and often
delicate, we never remember to have found a single
specimen cast up upon the beach. The true suckers,
however, forming the genus Cyclopterus, possess the
faculty of adhesion in anrextraordinary degree. On
the breast and belly are two circular concave disks :
one of these is formed by the extension of the pectoral
fins under the breast; the other by the union of the
ventral fins. The tenacity with which these fishes
adhere, upon being captured, to the first object which
comes in their way, is very remarkable. Their form
is repulsive ; and they fasten themselves so firmly upon
the hand, that, to inexperienced persons, an involuntary
feeling of dread arises in the mind, lest they should
be wvenomous. If loosened from the hand and placed
in a vessel of water, they immediately swim with a
quick undulating motion, and affix themselves to the
sides.  Several species of these fish oceur on the
British coast ; and others, quite different, are not un-
common in the Mediterranean. The most extraordinary
ventral fins are seen in some of the Gymmnetes, or riband-
fish, where the rays sometimes resemble oars, being
spatulate or broad at the tip. This form is peculiar to the
genus Gymnetrus ; but in that of Trachypterus (Gouan)
the rays are even still longer, and appear to consist
of slender flexible filaments.

(25.) The porsar fin, with the anal and caudal, are
the three members for progression, of which nothing
analogous can be traced among quadrupeds and birds ;.
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except, indeed, that the caudal fin represents the tail
feathers of the latter, but not the true tail of the
former, which is an actual continuation of the verte-
bree. The dorsal, after the pectoral, seems to be the
most essential for the aquatic economy of fishes, be.
cause there are only a very few instances yet known
where it is entirely wanting, and all these occur in that
order where the fins gradually disappear, and nature
passes into the marine worms. There seems to have
been a notion that the office of the dorsal was to pre-
serve the fish in a perpendicular position; but some
recent experiments does not sanction this idea, and
there is every reason to suppose that this object is
really effected by the pectorals, which, being placed
symmetrically, one on each side, preserve the boedy in
equilibrium. Besides, it is quite clear, that if this pur-
pose could only be effected by the dorsal, it would
follow that such fish as the Gymnotus brachiurus and
its allies, where this fin is altogether wanting, could not
swim at all. Yet these are compressed fishes, and,
therefore, obviously intended for a perpendicular posi-
tion ; and they all have pectorals. Dorsal fins will
now be viewed as regards their construction, number,
form, and disposition.

(26.) The construetion of the dorsal is so far like
the other fins we have been describing, that it is gene-
rally composed of rays, connected, either partially or
entirely, by a membrane: but then the nature of these
rays varies in the different groups ; and in certain fa-
milies, where there are two dorsal fins, the hinder one
is adipose, that is, resembling a thick fleshy lobe,
attached to the back, and covered by the common skin,
in which neither rays nor membrane can be distinguished.
Fins of this description, with but one exception yet dis-
covered, are confined to the soft-rayed fishes. Native
examples occur in the salmon family: while among the
Siluride, or cat-fish, these fins are almost universal.
The Gadiade, or cods, show us the next advance towards
a more organised construction: the fins, indeed, are
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composed of rays; but these rays are so very slender,
and are so thickly covered by fat and skin, that in many
instances they cannot be counted without dissection :
the whole of the Gadiade, in fact, have their dorsals
remarkably thick and fleshy, so that the rays by which
they are supported only become distinct towards their
termination. It is in this family, also, that we find a
modification of this fin unexampled among fishes, In
the rocklings, forming the sub-genus Motella, there is,
before the true dorsal, another, which may be termed
a rudimentary fin : it is composed of a great number of
extremely fine, short, fleshy filaments, resembling cirri,
preceded by one somewhat longer and thicker than the
rest, but all united at their base by a true membrane :
the peculiarity consists ine these filaments having the
form of rays, without the least degree of firmness; for
in other respects these fins are formed in the usual
manner, and are situated in a deep groove.

(27.) The spurious fins, or finlets, as they are sometimes
called, seen in mackerel and other allied genera ( fig. 2. d),
may be considered as a modification of the true adipose
dorsals in the corresponding or analogous group of the
salmons,among the soft-rayed families. Theymay be con-
sidered as single detached rays, excessively branched from
their insertion on the back, where they are remarkably
thick and fleshy : like the adipose fins before described,
ythe are always situated behind the first dorsal; but
while no fish has yet been discovered with more than
one adipose fin, those which we are now speaking of
are almost always numerous, varying, among the mack-
erel, from four to seven, and even more. The only two
genera yet known, we believe, where these finlets are
placed near to the head, are those of Polypterus and
Plesiops : in both these, indeed, they supply the place of
the true dorsal fin, the remnant of which, so to speak,
only shows itself in a few connected rays, adjoining and
uniting with the caudal.

(28.) The dorsals, as well as all the other fins, among
the cartilaginous fishes, are so thick, from being covered
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with the common skin of the body, that their rays are
completely hid, except in such few as are provided with
an anterior spine, which, being obviously employed as
an offensive weapon, is consequently naked, and par-
tially unattached to the other rays. The fins of the
Pleuronectide, or flat fish, are nearly as thick as those
of the cods; but the rays, being spinous, are more
naked at their extremities. Those lovely fish, the
chetodons, have their dorsal fins remarkably thick, and
so covered with compact scales, nearly to their margins,
that their motion would seem to be very limited.
The great majority of thick-finned fishes are found in
the soft-rayed order (Malacopteryges), while those of
an opposite nature are almost confined to the typical
osseous division, or the Adeanthopteryges. The dorsal
fins of the great tribe of perches, together with those
of the Spari, Labri, Triglide, Gymnetes, &c., are
thin ; that is to say, the rays, whether slender or strong,
are not in any way covered by the common skin of the
body, but are bare almost to their base, and united by
a thin membrane, sometimes, indeed, beautifully coloured
and opaque, as in Serranus, Perca, Labrus, &c., but
generally sub-transparent, and almost colourless, as in
the whole of the Sparide, Scomberide, Zeide, &c.
(29.) The number of the dorsal fins is variable ;
for although they are all placed upon the same line,
which is invariably the ridge or summit of the back,
they are yet separated, more or less, into divisions; and
these, when perfectly detached one from the other, are
viewed in the light of separate fins, although, strietly
speaking, they should simply be considered as so many
divisions of a single one. Where the intervals are marked
by a secession of a connecting membrane between the
rays, there is no difficulty in determining whether, ac-
cording to the common mode of reckoning, a fish has
two or three dorsal fins: but it frequently happens,
even in the same genus, that in one species the mem-
brane of the last ray of the first dorsal terminates or
adheres to the back ; while, perhaps, in the very next it
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is attached to the base of the anterior ray of the second
dorsal ; so that, in effect, although there are two divi-
sions, or fins, yet they are, in fact, connected, and, con-

sequently, become one. The genus Gadus, as now

restricted, has obviously three dorsal fins, each separated
by an interval from each other ( fig. 2. ) ; while in the
genus Blepsias there are also three (b), nearly of the same
form ; and yet, because they are very slightly united by
a membrane, in the manner above described, this genus
is said to have but one dorsal. Now the transition
from two approximating dorsal fins to one, cleft be-
tween the spiny and branched rays, is so gradual, that
it is impossible to define every stage of the progression ;
and much ambiguity will always attend this part of the
definition of the subordinate groups. Nevertheless, as
characters taken from the fins will be eventually found
to be of much more real and practical value than has
hitherto been supposed, we should propose the adoption
of the following terms, as calculated, in some degree,
to express the modifications just mentioned.  Where,
for instance, a portion, however small, of the naked
back intervenes between one or more of these divisions,
as in the common cod (), they may be considered, as at
present, three distinct fins. When the last membrane
of the first dorsal is in any way united to the anterior
ray of the second dorsal, we might consider them as
“two dorsal fins united ;” and when this union is so
close, as that the membrane in question ascends up
the side of the next ray, instead of descending in a
direction to the base, we would then term the dorsal fin
*“single, but emarginate,” deeply, or slightly, as the
case may be. The annexed cuts will more effectually
explain our meaning ; and we may now consider their
other peculiarities.

(80.) The rays of the dorsal are either simple or
branched. Simple rays, again, are of two sorts:
sometimes they are slender and flexible, although with-
out any joints; in which case they are generally ter-
minated by a fleshy or membranaceous filament; and
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these are either
isolated, as 1in
Dactylopterus, or
united to the dor-
sal fin, as in most
fishes. /The ge-
neral  character,
however, of simple
rays is that of
being strong, ri-
gid, and so sharp
as to become spi-
nous : that these
spines are used as
instruments of de-
fence, becomes evi-
dent from the fact of many fishes suddenly raising them
when captured, so as to inflict wounds on the hand
of an incautious person ; and that they also are essential
to the perfect use and efficiency of the fin itself, by
strengthening and supporting the other rays, is also to
be inferred from this fact,—that in all soft-rayed fishes
the first ray of the dorsal, if not simple, as in the
carps, &e., is almost invariably stronger than the others,
— a structure intended to break the resistance of the
water during the swimming of the fish, on the very
same principle that a boat or vessel is furnished with
a stem., Fishes which swim but little, and in calm
waters, like the eels and a few others, do not possess
this peculiarity ; but in those which belong to the
most perfect division of the osseous fishes (the order
Acanthopteryges), the development of the spiny rays is
at its maximum, and constitute the primary distinetion,
even by the confession of Cuvier, of this most natural
group. Sometimes these spines are detached and iso-
lated, when they are always short, and repose in a
groove on the back (as in Naucrates, &ec.); in which
case, however efficacious they may be for defence, they
can be of no use in swimming. When these spines
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are so very short as just to appear above the scales, they
have no membrane ; but if longer, a slight one connects
each of them to the back, but not to each other: in
general the point is directed backwards ; but in some
few genera, allied to the mackerel, some of these prickles
are directed forwards, and others terminate in two or
three spines, or are bifid or trifid. The most remark-
able instance of these dorsal spined fishes is the genus
Acanthonotus, where there is a row of ten of them, de-
tached, placed both before the dorsal and the anal fins:
more familiar examples are seen in our sticklebacks
(Guasterosteus Linn.), of which the G. spinochia Linn.
has no less than fifteen before the dorsal. The spines in
the first dorsal fins of the acanthopterygeous fishes
are almost always graduated; the first being short,
while the second is intermediate between that and the
third ; which latter (or the fourth) is usually the
longest : in particular groups, however, there is always
some prevalent modification of this fin, which we shall
now notice.

(81.) The shape or form of the dorsals is consider-
ably varied: where there are two or three, those which are
in front are almost always triangular, while the hinder
one is of more equal breadth throughout. In the common
cod (fig. 2. a), the first is acutely triangular, the two
next less so ; but in Blepsias, its representative among
the Canthileptes, the posterior of the three connected
fins is broadest in the middle ( fig. 2. b). In Trachinus
and its numerous representatives, the first dorsal is short
and triangular, while the second is long and narrow (c).
In the mackerel family, however, where all the fins are
subfalcated, both the dorsals are consequently of the
same form ; but this comparatively is a very unusual
structure, although it affords an absolute character to
the Scomberide (d). In the sharks, the mullets, and a
few others, where the two dorsals are wide apart, both
of them are triangular. Nearly all the typical Gymnetes
have the dorsal fin highly developed ; it is here also
sometimes particularly broad, with the anterior rays
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often excessively prolonged, and ending in spatulate or
thread-like filaments. This sudden elongation of the
first two or three rays we shall term falcate ; and it is
particularly observable that this shape occurs in nearly
all genera which represent the tribe of Gymnetes in
their own circle. Nevertheless, the secondary modi-
fications of this fin are so numerous, that to describe
them all in this place would be tedious and unne-
cessary. Among the eels, the dorsal is always simple
and undivided, narrow, and of equal breadth throughout ;
and this occurs in almost all the representatives of the
apodal order, as Lepidotus, Ammodytes, Cepola, and Ophi-
dium, among the Gymnetes; Blennius, Anarhichas,
&ec. in the Gobiade ; Chimera, in the cartilaginous
order ; and Ophiocephalus, among the Maeroleptes. In
most of these the dorsal fin unites with the caudal,
as in the eels and other Murenide ; while in the Blen-
nide@, or blennies, there is a small interval between them.
Lastly, we may notice the long fleshy filaments which
in some few genera surmount the spinous rays of the
dorsal fin, and produce a very singular appearance.
These appendages are mostly found among the Zeide,
or sun-fish, of which the common dory of our coasts is
a striking example.

(82.) The Anar fin may be termed symmetrical to
the dorsal ; or, at least, its situation on the under part of
the tail is analogous to that of the dorsal on the back.
It must be observed, however, that this fin is always
placed behind the vent, so that the length of the tail,
in many cases, is indicated by the length of the anal
fin. It is subject to very little variation in form, and
still less in construction, for it generally corresponds
with the hinder part of the dorsal: it is almost always
nearly the same breadth throughout, and without any
particular variation in other respects; all the rays,
except the two or three first, which are more or less
spinous in the most perfect families, are articulated and
branched. The anal fin is most developed in the apodal
order and its representatives, where we have it some-
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times, as in Gymnotus and Chimera, extending nearly
the whole length of the fish. This is very observable
in the sub-family Silurine, which also represents the
Apodes ; and we again trace a similar development of
the anal fin among the Blennidz and the genera Cepola,
Ophidium, &ec.

(33.) The cavpaw fin alone remains to be noticed. J
It is, to us, a most unaccountable circumstance, that
every naturalist who has hitherto written upon Ichthyo-
logy, should have followed each other in paying so little
regard to the fins in general, but more especially to this,
which (with the tail itself) is as important to the
motion of a fish as the rudder is to a ship, or as is the
tail of a swallow in directing its flight. That such is
the true office of the tail fand its fin, among fishes, is
too obvious to require being enforced by argument ; and
yet, while the importance of this member is so fully
acknowledged in quadrupeds and birds, that it often
furnishes the only decisive generic character, it has
hardly ever been considered in this light in ichthyology ;
and not only whole groups of species, but even of sub-
genera, have of late years been described, where the
tail is hardly ever mentioned, or, if so, only inci-
dentally. Our own impressions on this subject, after a
long and laborious investigation, induce us to consider
that, in a natural arrangement of this class, the form
of the caudal fin is just as important in fishes as that
of the tail in birds ; and that it is, consequently, one of
the best characters for the determination of natural
groups or types that can possibly be found. We
view it, in fact, as much more determinate than those
slight modifications of the teeth, upon which so many
of the modern sub-genera have been founded, to the
infinite perplexity of all but the professed anatomist;
and, what is worse, to the cutting up and frittering
away, as we conceive, of natural alliances, subordinate,
in different degrees, to each other. The experienced
ichthyologist, well acquainted with the variation of this
member, will not fail to observe that the swiftest
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swimming fish are all distinguished by a tail more or
less forked ; and that the most sluggish are invariably
characterised by a rounded tail. Now this is precisely
what we find in ornithology, where no instance is upon
record of a rounded tail and wings being given to swift
flying birds, or the reverse. Were we asked to name,
from our own experience, that family of fish whose
swimming was most rapid, we should hesitate between
the flying fish and their enemies, the different species
of tunnies, by which they are so frequently pursued :
the latter, indeed, would seem to have the superiority,
since they frequently overtake the other, upon which
they are known to feed ; but this superiority lies more,
we apprehend, in their greater size and muscular
strength ghan in the absolute power of swimming: it
is clear, in fact, that if the strength of the flying fish
did not fail after a long chase, the bonatos or tunnies
could not overtake them, any more than the dog could
outstrip the hare. In both instances the superiority of
speed lies with the pursued, while that of muscular
strength is with the pursuer ; thence the latter qualifi-
cation, in the end, triumphs over the former. Now the
whole of the Scomberide, or tunny family, have the
tail more deeply forked than any other fishes, perhaps,
in the entire class ; for not only are the two lobes deeply
cleft, but in most instances they are actually divided ;
and they are further provided with two additional finlets
on each side, by which the rapidity of motion is
doubtless accelerated : this is further increased, in many
groups of this family, by a prominent fleshy keel
which projects on each side, near the base of the caudal
fin, and parallel to the lateral line : these ridges are ob-
viously intended to cut the water on each side, and they
are only found among those families we have arranged in
the tribe of Muacroleptes. Forked tails are only found
among the two great divisions of osseous fishes, and
a few of their representatives ; for those of the sharks,
when they approach this form, are more properly
lobed or emarginate in the middle, the lobes themselves
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being rounded. The Bualistide, the most perfect of
the cheloniform fishes, and which represent the spine-
rayed order (Acanthopteryges), consequently present
us with nearly all the modifications of fin observable
among their prototypes; butin the whole of the remain-
ing families, and the entire order 4podes, where we have
the most sluggish of all fishes, as the Chironectide, the
Lophide, Cyclopteride, Murenida, &ec., not a solitary
example occurs of a forked tail, much less of those ad-
ditional helps for speed just noticed, which have been
given to the Scomberide. If we carry our inquiry
into the minor groups or families, we shall find the
same determinate prevalence of one set of characters in
the fins, running through each particular group. Nu-
merous instances of this will be brought before the
reader, for the first time, in the progress of our work.
Having now adduced sufficient reasons, as we imagine,
for the opinions above expressed, we may at once pro-
ceed to notice the different forms observable in this fin.

(84.) The caudal fin presents every modification
between a perfectly lanceolate shape, where the largest
rays are in the centre (fig. 3. ¢), to that of a deeply
forked one, where
the central rays
are so short as
almost to be-
come obsolete,
giving the tail
an appearance of
being  divided
into two parts.
The first of these
forms is shown in the genus Cepola, and its repre-
sentatives the Indian gobies; the second runs through
the whole of the mackerel, tunny, sword-fish, and a large
proportion of the Zeider, or dories. Besides these, there
is also a third, peculiar only to two or three genera,
where the tail may be said to be doubly forked ; a few
of the central rays being lengthened nearly as much as
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the external ones, so that they form a lobe on each of
their sides — one above, the other below. Where such
numerous gradations oceur, it is impossible to define with
strictness the limits of our definitions ; we may, never-
theless, arrive at some degree of precision, by con-
sidering each of these forms as presenting the following
modifications : — A rounded fin is either lanceolate, oval
round, even, or truncate, On reaching this latter, we
may draw an imaginary line, and enter upon the fork-
tailed division. Truncate fins pass into those which
are slightly crescent-shaped ; they next become lunate,
forked, lobed, and, finally, emarginate ; while these latter,
again, pass into rounded fins: the highest development
of each of these is seen in the lanceolate and the forked ;
the other modifications gradually recede from each other.

(35.) We shall now endeavour to define each of these
forms.—-1. Lanceolate,so named from the shape bearing a
resemblance to the head of a lance: the longest ray is in
the centre, and stands singly ; all the others are in pairs,
diminishing, more or less gradually, in length, until
those that are external become the shortest, Nearly
all the species of Cepola (fig. 3. @) possess this character,
but it is by no means frequent, and is chiefly seen
in that genus, Gobius, and in Sciena pema (Cuv.
pl. 101.).—2. Oblong oval: not quite so long in pro-
portion as the last; the middle is not pointed, and
the shape is that of the smaller end of an egg.
This form may be called a highly developed state of
the next, and is confined to few examples. — 3. Round :
the fin is of moderate size, always shorter than the last,
and the extremity describes the segment of a circle.
This is the most common shape in this division, and
pervades all the flat fish (Pleuronectide), a few of the
rocklings (Motella Cuv.), all the gobies (Gobiade), the
genus Syngnathus, &ec., none of which are capable of
long sustained swimming: the degree of roundness
varies ; but we still retain the name to all such fins as
have the central rays in any degree longer than those

on their sides. -—— 4, Even : the majority of the rays are
VOL. I. D
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of equal length, the central ones not exceeding the
others, while the outermost ones are rounded at their
angles only. Many of Cuvier's genus Serranus have
this fin, also nearly all the sticklebacks (Gasterosteus),
Sciena aquila (Cuv. pl. 100.), Blepsias (1b. 90.), Ura-
noscopus, Priacanthus, Hemitripterus, &e. — 5. Trun-
cate : when the extremity of the fin appears to be
abruptly cut off, so that the external rays are just as
long as those in the middle, and the angles are not
rounded, as in the last. Zeus and Trachinus may be
cited as the most familiar examples of this form, which
is only distinguished from the next by the marginal ex-
tremity of the fin being in no degree concave or cres-
cent-shaped, or, in other words, not having the central
rays shorter than the external: it must be observed,
however, that fins of this deseription can only be de-
tected when extended ; for when closed, the margin
generally has the appearance of being slightly concave.
(36.) Forked caudal fins are as much, and even
more, varied than the last. The incipient develop-
ment of this structure is seen in such as have the mar-
ginal extremity slightly concave, as in the majority of
the T'riglidee, or gurnards, the angles being pointed, and
the interval between them slightly hollowed out, so that
the central rays are shorter than the external ones,
Trachinus radiatus, according to Cuvier (pl. 61.), has
a concave fin, although in the common species of the
Mediterranean it is completely truncate. This is a very
prevalent form, and several examples occur in the sub-
family of the Scienine, as Leiostomus, some Corvine,
&e. — The [lunate shape is on the same principle
as the last, but the concavity of the margin is much
deeper, and the two extremities are prolonged, often
(as in Naseus, some of the sub-genera of Acanthurus,
&e.) to an excessive length, in the shape of filaments.
Forked caudals, properly so called, are of two kinds:
in one, the divisions are equal (fig. 4. d) ; in the other,
unequal (¢). The most typical of the first form, as be-
fore intimated, is universal among the Scomberide, or




CAUDAL FIN. 85

mackerel, where the middle of the fin is cleft to its
base, or very nearly so; and each division is falcate, as
in the tunnies, or somewhat lanceolate, as in the common
mackerel. This form, so prevalent among the genera of
the Microleptes (or that tribe which includes the whole
of the Secomberide, Zeide, &c.), hardly exists in the
pre-eminently typical tribe of Maeroleptes. These latter
fishes, on the contrary, have a simply forked caudal ;
that is, the lobes are not attenuated, and the central rays
are nearly equal to half the length of the external ones.
This structure is the most general in fork-tailed fishes,
and is generally constant in natural groups, of which
the Sparine, the true perches, and several others, afford
ample proofs. The most extraordinary development of
a simply forked tail, yet discovered, is to be found in
the Macropodus venustus (Cuv. pl. 197.), where the
length of this fin is nearly equal to that of the body :
and this is the more remarkable, since, in no other genera
of its own circle, is the caudal of this form ; a clear
indication that it is the rasorial sub-genus. Sometimes,
as in Nomeus and Hoplostethus, the caudal, although
deeply cleft, has the two divisions rounded ; but this
form is very uncommon. — Unequally forked, is when
one of the divisions of
the fin is larger than
the other: our English
sand-lance (Ammody-
tes) shows this very
well (fig. 4. a) ; and it
is likewise found in all
the flying fish (), and
the greatest part of the
sharks and sturgeons.
The caudal fins, how-
ever, of these latter
families are altogether
peculiar : the rays are
by nomeans symmetri-
_ cal, so that the upper
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lobe of the tail is not formed, as in ordinary fishes,
by rays, but by the terminal vertebre, round which
the fin is short; while the other, or lower lobe, often
irregular, is alone composed of rays. No other fishes,
yet discovered, possess this sort of caudal fin, nor is
there any thing analogous to it among the osseous or
semi-cartilaginous orders. Another modification of the
forked structure occurs in a very few genera, where
there are two divisions, or rather sinuosities, in the ter-
minal margin, analogous to the double fork seen in one
or two birds of the Caprimulgidee. Finally, this strue-
ture blends into the rounded form in such fish as have
the even tail already described, but with the middle rays
very slightly shorter than the outer ; so that the margin
becomes widely notched, or sinuated, as seen in several
of the salmon family, and many others.

(87.) In some genera the caudal fin is either indis-
tinet or obsolete. The first appellation may be given,
when the fin is so united to the dorsal and ventral that
there-is no perceptible difference between the rays of
either : such is the case in the greater number of the eels
and congers, in the genus Ophidium, in certain silures,
or cat-fish (Siluride), and in several other anguilliform
types : in some these three fins form an acute point, as
in Ophidium, Synbranchus, &c.; or a rounded one, as in
the lampreys (Petromyzon), and many of the soles, and
other Pleuroneetide. The caudal fin may be also termed
obsolete in most of the Raide, where it either assumes
the form of one or two small lobes, or of merely a long
narrow membrane bordering the lower extremity of
the pointed filiform tail so common in this family.
The caudal, however, is completely obsolete in such ge-
nera as T'richiurus; for in them the body terminates in
a long slender process resembling a filament. In Tpi-
chiurus, Chimera, and some Syngnathi, the tail is desti-
tute of either a terminal or lateral fin ; and the same is
observed in many of the sting rays (7Trygline): but
in Gymnotus the under part of the tail is margined by
a continuation of the anal fin which reaches to the
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point. One or two extraordinary departures from the
ordinary form of this fin may here be noticed, but they
are mostly confined to single genera. In Trachypterus,
the fin, although large and truncate, is mounted vertically
upon the point of the tail, so as to form an angle with
the line of the body. This structure is altogether unique
among fishes ; for it does not exist in the neighbouring
genera Argyethis Sw. and Nemotherus Raf., whose tails
are situated as in ordinary fishes. The other modifi-
cation belongs to Cuvier’s Serranus pheton (fig. 4. €):
the tail is forked ; but from the centre or deepest part
of the cleft springs a long filamentous ray, near three
times the length of the fin itself,—a structure of which,
as yet, we know of no parallel.

(88.) Having now brought before the reader (what
has never hitherto been done) an enumeration of nearly
all the different forms observable in the fins of fishes,
we shall conclude this part of our subject with an
attempt to generalise, in some degree, the facts thus
brought tocether, in order to show that the results thus
obtained will correspond in some remarkable points
with the locomotive organs of birds. In the first place,
it must be remembered that these organs are more nu-
merous in fishes than in any other vertebrated animals .
this is the necessary consequence of their being the
fissirostral or aquatic type of the vertebrated circle ;
which type, as weformerly explained, invariably possesses,
in this circle, the greatest powers of motion, The
ornithologist is quite aware of this; but it may be as well
to inform the ichthyologist, who may not have studied
that branch of zoology, that the swallow, goatsucker,
tern, albatross, and kite,—the swiftest flying birds that
are known to exist,—are all of them of the fissirostral
structure, whether by affinity or analogy: and thus do
we find this law pervading the class before us,—a class
which may be said to be in perpetual motion ; for
although a quadruped can lay down to repose, and a
bird can roost on its legs, it seems difficult to imagine
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how a fish can rest without any motion of its fins®, —
more especially those which habitually live in the open sea.

(39.) We have already shown in what manner the
rins of fishes represent the organs of motion in birds.
Now, in all these latter, superior powers of flight are
invariably indicated by the great length and pointed
structure of the wing ; and this power among birds is at
its maximum when the tail, also, is forked: the common
house swallow shows this in perfection. Now this is pre-
cisely analogous to what we see among fishes: all those
with pointed pectorals swim much faster than those which
have this fin rounded ; an inference which does not merely
rest on analogical reasoning, but from the remarkable
fact, that the far greater majority of those fish which
have pointed pectorals habitually live in the open ocean,
or far from the shelter of the shore. We know not,
at this moment, of any freshwater genus, wherein the
pectorals fins are decidedly pointed ; while, if we look to
the oceanic families of the Zeide and Scomberide, and
even the majority of the Percide and Chetodonide, we
shall find very few instances of the pectorals being
rounded. But if, in addition to this pointed form, a fish
has the tail also deeply forked, and the pectoral fins
falcated or curved, as are the wings of the goatsuckers
and humming birds, then we have the highest develop-
ment of the powers of swimming possessed by this elass.
Hence it is that the mackerel, the sword-fish, and the
tunnies—more especially the latter—are, together with
the flying fish, the most perfect of all swimmers. Every
one who has seen the astonishing rapidity with which
the tunnies will sometimes play about a vessel in the
Atlantic Ocean, when sailing at its utmost speed, will be
perfectly convinced of this: for although their rapidity,
for a time, may not equal that of the rays, it is quite
evident that they have a vast superiority over the latter
in their adaptation for sustaining swimming ; the rays,
indeed, being obviously ground-fish, or of those fami-
lies which seek their prey at the bottom of the sea. The

_ #* Except the flat fish, which, of course, lie on the ground.
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tunnies, of which the bonitos and albicores of seamen
are only different species, will sometimes, in a stiff gale,
play about a vessel in full sail, with as much ease as if
she was perfectly still— one moment they will be near
the stern, while the next, as if by a single dart, they are
many yards ahead of the bowsprit: this we have re-
peatedly witnessed; and the thought then struck us that
no fish, by any possibility, could move more rapidly. In
comparing, therefore, the functions of the pectoral and
caudal fins of fishes to the wings and tails of birds, we
find they are perfectly analogous, and that their import-
ance, as furnishing generic characters, is equally great.
(40.) Itis somewhat remarkable, that although many
instances occur among swift-flying birds where the
wings are pointed and the tail rounded, yet in the class
- of fishes, the shape of the pectoral and the caudal fins are
almost always symmetrical ; that is to say, the candal is
forked in the same proportion as the pectorals are
pointed ; nor does an instance at this moment occur to
us where the pectoral is pointed and the caudal rounded,
or the contrary: hence we may infer that the caudal
fin in fishes is more important in its offices than is the
tail in birds, and this is an additional argument in
favour of the importance we attach to this member.
(41.) A comprehensive view of the coincidences in
the formation of the dorsal and ventral fins in genera
widely distinet in affinity from each other, will lead
the philosophic naturalist to suspect that these may
offer one of the best clues for determining the ana-
logical relations of widely separated groups. This
intricate subject has claimed much of our attention ;
and although, from its nature, we have been obliged to
leave it unfinished, the progress we have made seems
to sanction the following observations: — It would ap-
pear that in every one of the tribes composing the two
orders of osseous fishes (the Acanthopteryges and the
Malacopteryges), the two chief divisions are characterised,
the one by having the dorsal fin single, while in the
latter it 1s double, or at least deeply cleft: in another
D 4
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division the pectorals are larger than usual, and the
ventrals often remarkably developed : in a fourth, these
latter fins are quite the reverse; they are either small,
very imperfect, or altogether wanting, while the dorsal is
long and often very broad : finally, there is a fifth form
where the first dorsal is short and triangular, and the
second long and narrow, as in those two well-known
genera T'rachinus and Uranoscopus. Numerous ex-
amples of the prevalence of these forms, following each
other in a natural series of affinity, may be traced in
the synoptical definitions of the arrangement we have
made of this class ; and although the preceding remarks
are more particularly drawn from the two typical orders,
instances are not wanting to show the same tendency
in the more incomplete or aberrant orders,

(42.) We may here explain the terms by which we
propose to designate the different forms of the fins, and of
their relative situation. The true length of a fin should
probably be reckoned from the base to the tip of its
rays, while its breadth would be estimated by the ho-
rizontal space it occupied between one extremity of
the body and the other ; but this terminology, however
abstractedly just, would be in complete opposition to
the terms we apply to the figure of the fish itself, and
might lead therefore to some perplexity. We may
take the eel as an example: we should say that this
fish is very long, and justly so ; but although its dorsal
fin extends to near its entire length, we must describe
this fin, in accordance with the foregoing rule, as very
short, because the length of the rays (not the fin itself)
is really so ; while, by the same rule, we must term the
body very narrow, and, the dorsal fin very broad. To
common apprehension, these terms would seem to con-
tradict each other: and, in truth, the subject is beset
with some difficulty. It seems to us, however, that by
looking to the,fin itself, instead of its rays, we may
get a greater uniformity of terms than by any other
rule. Thus, we should describe the dorsal fin of the
eel as very long, but very narrow or low ; and that of the
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Pteracles trichipterus Cuv., as very long and remarkably
broad.

(84.) The number of ravs of which the several fins
are composed, affords one of the best characters for
specific distinetion ; for although it has been said that
they vary in individuals of the same species, we must
confess that this opinion has not been verified by our
own observations,-— and they have neither been few, nor
partial, nor taken from preserved specimens. We are
more disposed to believe that such differences are more
apparent than real: first, because in many instances,
when the rays are very small and close together, or
very numerous, we have found it almost impossible to
attain perfect accuracy in this respect, except by re-
peating the examination several times, even on fresh
specimens ; and secondly, because the fins of many of
the ground-feeding families are so thick and fleshy that
the number of rays cannot be distinctly counted. The
eels, the Gadiade, the Siluride, and several other
thick-finned families, are familiar instances of this ; but
very few will be found among the spine-rayed groups,
where, from the membrane being thin, the rays of the
dorsals, ventrals, anals, and even the pectorals, may be
numbered with accuracy.

(44.) The external covering of the eiLLs, and more
especially their aperture, are of great importance, and
require to be further noticed. The use of the gill-cover,
or operculum, is obviously to protect the gills themselves,
and, at the same time, to admit the egress of the water
taken in by the mouth: in the majority of typical
fishes it is moveable ; for, although composed of bony
plates, these plates are articulated or jointed at their
sutures by a membranaceous skin which acts as a hinge.
Properly speaking, the operculum consists only of three
pieces, which are attached to the cheek-bone, called the
pre-operculum ( fig. 5. a): of these three plates, the upper
is more especially termed the operculum, and it is al-
ways the largest; the next is the sub-operculum (b) ;
and the third, which is very small and sub-triangular,
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is the inter-operculum (¢), because it fills up the interval
between the base of the pre-operculum and the sub-
operculum. These distinctions will be rendered more
intelligible by the annexed figure, which represents the
head of the common tench.
These bones are either
smooth both on their outer
surface and their edges, or
they are armed, in one or
both situations, either with
spines or prickles, or very
fine dentations like the
teeth of a saw ; and these modifications are of great
importance in determining generic groups. The hinder
margin of the entire opereulum, or gill-cover, is gene-
rally bordered by a thin membranaceous skin, for the
purpose of closing the opening of the gills more ef-
fectually : this skin is a continuation of that which
supports the branchial rays, and these latter commence
at the bottom of the head, adjoining the throat; and the
number of these rays are considered indicative of ge-
neric peculiarities. In many groups which possess gill-
covers, the plates are either immoveable, or are so com-
pletely concealed under the skin that they are not to
be detected except by dissection. In such instances,
the aperture becomes so small as to be analogous to the
spiracles of the cartilaginous tribe; it assumes, in
fact, the appearance of a slit, and is then termed a
spiracle. This character pervades the whole of the
aberrant tribes of our present arrangement, and even
extends to such osseous fishes as represent them in
their own circles. It seems to be a general law, that
those fishes which have the gills highly developed, and
the aperture very large, like the herring and mackerel,
very soon die on being taken from the water ; while .
those, on the contrary, as the eel, which breathe by spi-
racles, live for a considerable time on being exposed
to atmospheric air. It is among such that we find
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those crawling species before alluded to, which volun-
tarily quit the water in search of new habitations,
(45.) The Teern of fishes, as before remarked, are
varied in the most surprising manner in regard to ther
situation, but less so in their construction; and these
instruments are far more numerous in this than in any
other class of animals. They are not confined, like those
of quadrupeds and reptiles, to the two jaws, but are often
disposed in all parts of the mouth, The maxillary
teeth are those which are most external, and are placed
on the jaws, properly so called, in quadrupeds; and they
correspond to the cutting edges of the two mandibles
in birds. Parallel to the upper jaws, internally, are
the palatine bones, which often support other teeth:
between these bones, and in the centre of the palate, is
‘the vomer,—a name given to that bone which forms the
roof of the mouth; and this also is frequently armed
with teeth, even when the jaws and lateral palatine
bones are completely smooth, as in the instance of the
common carp, tench, &ec. : the tongue, also, is sometimes
armed with other teeth, as in the pike, &e.: sometimes
all these are so thick and numerous, that they seem like
a dense forest of teeth, capable of crushing the most
minute substance. To describe the different forms of
these teeth would be almost impossible : they are in ge-
neral more or less pointed ; in the herbivorous fishes
they are formed for the purpose of pressing; and in
such as feed upon testaceous animals, they are so much
rounded as to be analogous to the molar teeth of quad-
rupeds. In the Siluride, and other genera, they are so
delicate and flexible as to resemble the pile of velvet:
hence we may term such teeth setaceous. In the sharks
they are compressed, and serrated on their sides; while
in the Rays they are round, and placed in the manner of
paving stones or mosaic : such teeth are therefore termed
tessellated. In many of the genera (as Laurida) they
are moveable at their base in an inward direction, to
admit a free passage to what is swallowed. Among the
cheloniform fishes, the absence of true teeth is supplied,
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as in their prototypes, by the sharpness of the jaw-
bones, which are remarkably strong : the analogy, how-
ever, here ceases ; for the jaws of the true chelonian
reptiles are entire; whereas those of the Balistide are
divided in such a manner that they wear the appear-
ance of being like the true and distinct teeth, placed in
a single row, of ordinary fishes. Finally, we perceive -
sub-genera, and even species, as they are now classed,
scattered among the greatest number of these toothed
races, which have the jaws entirely smooth ; a clear proof,
if any other were wanting, that genera built entirely on
these organs are more likely to be artificial than natural ;
indeed, we have only to look to those among the S§i-
luridee, as they stand in the most recent systems, for a
justification of this opimion. It frequently happens
that in natural groups, like the last, the teeth offer no
variation of the least importance ; while in others they
are scarcely the same in two species, and vary in the
most remarkable manner, even in the same fish, at
different stages of its growth, This is particularly ob-
servable among the salmons, and even in the family of
sharks. The value of a zoological character is well
known to be proportioned according to its prevalence
in groups or individuals, which, in every other cha-
racter they possess, show a clear and unquestionable
affinity.  Thus the prevalence of the spiny or of soft
rays in the osseous fishes indicate, with other peculiar-
ities, the two great typical divisions; and thus, from
its prevalence among families and genera, clearly re-
lated, we infer its primary value. But when, in
another group, we observe the teeth vary in almost
every third or fourth species, although their charac-
ters in other respects are precisely the same, it is
quite clear that we must look for some other marks
of discrimination, possessed by all these individuals,
whereby to preserve in our systems that bond of union
which we see in nature. Among the sturgeons, for
instance, we have some species with teeth, and others
without ; yet there is no other difference. Still more
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remarkable are the variations in the teeth of M. Cuvier’s
genera Pimelodus and Bagris: he himself observes this;
and yet these two groups are attempted to be charac-
terised by their teeth alone. Numerous other instances
might be named ; so that the only conclusion we can
come to is, that as no organs vary so much among
fishes as the teeth, so do they offer the most uncertain
characters, when taken by themselves, for designating
natural groups. For these reasons, we consider such
characters inferior to those drawn from the fins, the
gills, the eyes, the body, and the scales.

(46.) The LaTERAL LINE, where it exists, as in the
more typical groups, deserves much attention: the
scales of which it is formed are always of a peculiar
construction,— being perforated in the middle for
-the free issue of that mucous substance which is so
prevalent among fish, and which is secreted in certain
glands beneath : these scales are generally of a different
shape from those of the body; and they have been re-
cently employed by our best ichthyologists as additional
aids for discriminating species, which otherwise bear a
close resemblance. Sometimes, as in the family of
Scomberide, the scales of the lateral line are raised and
carinated, so as to present a prominent edge like that
of the sharp ridge of a triangle ; while in others they
assume the form of spines or prickles: then, as to the
direction, it is either straight, arched, broken, or sinu-
ated. In some of the Indian Siluride it is double ; and
in many genera it cannot be distinguished.

(47.) Many of the soft-finned fish are provided with
cirri, or barbels, placed round the mouth : these are
soft fleshy processes, and are supposed, with every ap-
pearance of reason, to be employed both as organs of
touch, and also of allurement to their prey. We con-
cur with Mr. Yarrell in believing that all cirrated fish
are ground-feeders, that is, seeking their food close to
the bottom. We may also remark, that such genera as
have these appendages very highly developed, as in
nearly all the Siluride, or cat-fish, they are employed
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wo attract others, upon which they prey. The cat-fish,
safely screened from observation in the natural hollows
or holes of the bank, throws out his long cirri, which,
being flexible, may well be taken for worms by other
smaller fish, which are thus brought within reach of
their true owner. Among the cod-fish they are much
shorter ; and in the tench family they are very slightly
developed. We find them, in a slight degree, in the
cartilaginous genera of Acipenser, Squatina, and Cros=
sorhinus ; but in this latter they assume the form of
short flat processes, so that they may here perform a
different office.  Perfeetly analogous to these cirri is
the long appendage rising from the nose of the frog-
fishes, composing the genus Lophius of Linnwmus. It
is probable that these amphibious-looking creatures are
the most imperfect swimmers in the whole class; and
being carnivorous, this inaptitude for pursuing their
prey is made up to them by a very long filament, rising
from the head, and terminated by a flat spoon shaped
enlargement, so as to bear a ludicrous resemblance to a
fishing-line with a bait at the end : the fish lurks in
its hole, and throws out this natural line, and thus at-
tracts its prey. Its vulgar name of fishing-frog is,
therefore, peculiarly expressive ; for it not only angles,
but it is of that type which represents the amphibious
frogs among the aberrant fishes. Having now laid
before the reader the chief characters of structure by
which the different tribes, families, and genera of fish
are distinguished, we may briefly touch upon the senses
they seem to possess, and then enumerate some of the
most interesting points of their natural history or
economy.

(48.) The sexses of fishes are much less developed
than those of guadrupeds, or birds. Some of these
faculties have been already incidentally mentioned, to
which it is only necessary —in such a rapid view as we
are now taking—to add the following : — The sense of
touch is very partially developed, for it is difficult to
understand how it is possessed by those families which
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are destitute of cirri: the lips, indeed, of some few
genera are thick and fleshy ; but analogy would lead us
to believe that this peculiarity had a greater reference
to taste than touch. It seems, however, that nature
compensates her partial denial of this sense by increas-
ing that of sight. The eyes of nearly all the spiny-
rayed fishes, very few of which are provided with cirri,
are particularly large ; and this circumstance alone would
lead to the conclusion that the faculty of sight is highly
developed in such groups. It may be observed, on the
other hand, that nearly all the soft-rayed genera, that
are provided with cirri, have the eye comparatively
very small: and such is also the case in most of
the ground-fish ; witness the eels, the flat fish, the
sharks, skates, and lophians.* The mackerel, the her-
ring, the Spari, and the dolphins, which are pelagic, or
roaming for the most part in the wide sea, have all
large and brilliant eyes ; while a few others, which there
is reason to believe live almost entirely in the profound
depths of the ocean, have eyes even still larger than the
last. This brings us to the sense of smelling, which
there is equal reason to believe is very great; for the
nostrils generally have a double opening on each side,
although both lead to the same canal; while the internal
nerves connected with the nostrils are very la.rge, and
oceupy a considerable space.

(49.) Fish are exposed, on all sides, to the approach
of enemies, from whom there is rarely that facility of
shelter afforded in the open sea which is enjoyed
by land animals. A highly developed state, there-
fore, of the organs of sight and smell appears abso-
lutely necessary to them, not only for their own safety,
but also to discover the food, whether animal or wve-
getable, upon which they subsist ; with these qualities
the faculty of touch is hardly required, and we conse-
quently find it either very partially or, to appearance,
not at all given. Inductive reasoning, again, teaches us

* We propose this designation for the Lophiadae and the Chironectida,
forming the Linnaan genus Lophius,
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to infer that the sense of taste is very slightly possessed
by fishes. " The structure of their teeth, with few ex-
ceptions, shows that the food is generally swallowed in
an entire state, since it is so found in the stomach ; and
very few instances occur of fish having cutting or grind-
ing teeth. Besides, it has been justly observed by Mr.
Yarrell*, that from being obliged unceasingly to open and
close the jaws for the purpose of respiration, fishes can-
not long retain food in the mouth when shut; the sub-
stance, if of small size, must be swallowed quickly. The
structure of the tongue tends to the same conclusion ;
we believe it is in all cases small, hard, and generally
cartilaginous, and consequently incapable of conveying
that exquisite taste of their food enjoyed by all the qua-
drupeds, and a few of the birds.t Fishes have been
supposed destitute of the faculty of hearing, but this
is disproved by many circumstances. It is known as a
well-authenticated fact, that the Chinese, who breed great
numbers of goldfish, call them together, at the time of
feeding, by a whistle ; and the same mode of summon-
ing other species by a noise, in aquatic preserves, are
upon record. There are, indeed, no external indications
of ears in any fish, excepting the rays, where there is a
small spiral cavity (placed before the meatus evternus,
and covered by the common skin), which may be ana-
logous to the external ear of other animals. The internal
labyrinth, however, is always present, although much
less complicated than in the more perfect Fertebrata.
(50.) The vitality of fishes may here be adverted to.
There is not sufficient evidence to show us the average
age of the generality of fishes; but some well authen-
ticated facts regarding carp, and some other domes-
ticated fish, tend to prove that the former have reached
to a century, Cartilaginous fishes, from the nature of
their bones, continue to grow all their lives ; and as
many of these, particularly the rays, habitually live in
the deep recesses of the ocean, and thus seldom run the

* Yarrell's British Fishes,_ i. :_-:vii. .
+ Particularly the whole family of Anatide, or ducks.
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chance of being captured by man, we may probably
attribute their enormous and almost incredible size to
their great age. Several genera, like the Ophicephali and
eels, are so tenacious of life, that they are well known
to live under sufferings which, to other animals, would be
the most cruel torments; while others die almost the
minute they are taken out of water. Many fish show
their tenacity of life in other ways: some ecan not only
exist, but actually breed, in hot springs of various coun-
tries, whose temperatures vary from 80° to 120° Fahr,
But a statement by baron Humboldt, on this subject, is
still more surprising : he mentions, that during his
researches in Tropical America, he found fish thrown
up alive from the bottom of an exploding volcano,
along with water so hot as to raise the thermometer
to 210°, being two degrees only below boiling. Con-
sidering this excessive heat, it is, we think, too much to
suppose that the water in which these fish habitually
resided was always of such a temperature. It is a well-
known fact, that springs in the vicinity of voleanoes are
very often considerably heated before an eruption takes
place ; and until we are in possession of further evidence
on this point, we believe that such was the case in the
present instance : the internal fires, in all probability, had
greatly heated the water previous to its having been
expelled from its natural basin, before the increased
heat had killed the fishes; a supposition much more
probable, it appears to us, than that fishes would live
and sport in a fluid whose temperature would be suffi-
cient to prepare them for the table. We have already
alluded to the singular faculty possessed by the Ophice-
phali, and some other fish, of crawling upon dry land, and
thus living in an element not their own: it is well known
that the tanks or isolated reservoirs of water in the East
Indies are often completely dried up during summer;
and yet, when they become again filled during the rainy
season, fish are also found in them. This singular fact
appears to be accounted for very satisfactorily by Mr. Yar-
rell: the impregnated ova (he observes) of the fish of one
VOL. I, E
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rainy season are left unhatched in the mud through the
dry season, and, from their low state of organisation as
ova, the vitality is preserved till the occurrence and
contact of the rain and the oxygen of the next wet
season, when vivification takes place from their joint
influence. “If this solution ot the problem,” continues
our author, ¢ be the true one, it points at once to what
perhaps may be effected after a few experiments,—
namely, the artificial fecundation of the roe, the drying
of that roe (or of other roe naturally impregnated)

‘sufficiently to prevent decomposition, and its possible

transportation to, and vivification in, distant countries,”

(51.) Contrasted with these instances of fishes living
in heated water, there are numberless others proving their
vitality even in a frozen stgte. It is even said, that in
northern latitudes, advantage is taken of this circumstance
to transport eels and perch from one locality to another,
It must not be supposed, however, that this vitality
exists in all species inhabiting the same latitudes ; and we
can illustrate this idea by a fact which has unfortunately
come under our personal observation. Upon the breaking
up of the long and severe frost of this winter (1837-8),
we have had the mortification of seeing the dead bodies
of between thirty and forty fine tench floating on the
surface of a pond in the garden, into which three or
four pair had been put four years ago. The pond is of
rain water, with a soft muddy bottom, which has a depth
of from two to four feet, and is fringed with many
aquatic plants. Abundant shelter was thus afforded for
the fish ; and yet there can be no doubt, we think, that
they have all .been killed by cold. The people about
the place assert that this mortality would not have hap-
pened, had holes been broke in the ice for the admission
of air: but were this absolutely necessary in all cases, it
would follow that the tench of all such ponds as had
not been opened would have been likewise killed.

(52.) The fecundity of fishes is sumething so pro-
dizious as to stagger the belief of ordinary minds. When
we say that a single female lays hundreds of thousands
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of eges in a single season, the statement is not exagge-
rated; and yet the waters are not more densely populated
now than they were in the last generation. The reason
appears to be this: all fish are more or less carnivorous,
and feed not only upon other marine animals, but upon
each other. To supply this latter food in sufficient quan-
tity, as well as to provide against other casualties, Infinite
Wisdom has given to these His creatures a power of re-
production without parallel in the animal creation: were
it not so, the seas would be depopulated of all other in-
habitants, or thousands would perish by the most cruel
of all deaths,starvation : as it is, a momentary pain is all
that can be experienced by a fish which is seized and
swallowed in an instant by a larger one: and although
this is probably the fate of countless millions, little or
no corporeal pain, in the true sense of the term, can be
experienced by a death so instantaneous.

(58.) The natural history, or, in other words, the
habits and economy of this class, in comparison to
that of terrestrial animals, is involved in great ob-
scurity, and presents little of that popular interest
attached to the economy of birds and quadrupeds.
Nevertheless, the history of such fish as the salmon,
herring, mackerel, &ec., is highly interesting both to the
naturalist and the general reader: they form an im-
portant part of our subsistence ; while great numbers of
men, and large amounts of capital, are engaged in their
capture. We should have regretted that our limited
space would not allow of entering into all these details,
could we not refer our readers to the two interesting
volumes already cited on British Ichthyology.

(54.) The geographic distribution of this class has
been very much neglected ; for, with the exception of the
valuable observations of colonel Hamilton Smith, we are
unacquainted with any author who has written upon this
interesting and important subject. Our own observations,
made in different parts of the world, tend to confirm
nearly every circumstance mentioned by the above-named
able and accomplished naturalist. Nevertheless, from
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many faets that could be mentioned, we believe that the
geographic range of the certain genera and species is
much more definite than has hitherto been supposed.
Several of the Mediterranean species, whieh are uni-
versally believed to inhabit the seas of Tropical America,
we consider to be truly distinet ; and similar differ-
ences may be detected even between the fish of Northern
and of Southern Europe. One great cause of the sup-
position that the same species so frequently inhabits
widely separated shores, is the fact that this class is less
affected by temperature than any other vertebrated ani-
mals ; and it is therefore inferred that the similar species
may exist both in temperate and tropical latitudes : this
mayseem to be true ; but then the question arises, whether
their peculiar food is also found in the same seas? The
majority of fishes are earnivorous ; and it may be said,
that as small fish are to be found every where, the larger
ean prey upon them ; but such is not precisely the fact.
We know that every family, nay, almost every species,
of insectivorous birds, feeds only upon certain genera of
insects ; and all we know, both from fact and analogy,
favours the idea that carnivorous fishes are limited in
their choice of food by similar laws: indeed, this belief
almost amounts to absolute certainty, when we consider
that different tribes are generally found restricted to dif-
ferent depths and descriptions of sub-marine soils. This
fact has been so ably illustrated by colonel Smith, that
it need not be insisted upon in this place. Now, it is
quite evident that this allotment of particular depths or
localities is an instinct given to them for frequenting

hose situations, and those only, where they are sure of-

finding their congenial food. We may even suppose
that such as live upon testaceous Mollusca and crusta-
cecus insects are more limited in their range than those
which live upon young fish, because the former animals
are more limited in their distribution than the latter:
agzain, the soft pelagic Mollusca are more widely dis-
tributed than shells or Crustacea ; and, therefore, those fish
which fed upon them would enjoy a greater range than
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others. That certain families, and even genera, are
strictly limited, so far as we yet know, to the shores or
rivers of particular countries, is unquestionable ; and of
this the family of the Siluride, upon which we shall
subsequently dilate, offers several singular proofs. The
most typical belong only to the equinoctial rivers of
America; while nearly all the sub-typical, that is, of the
Pimelodine, occur in the great rivers of India: we
suspect, even, that such of these latter as have been found
in America will prove to be distinet geographic sub-
genera. The whole family may be considered tropical ;
for the only speeies yet found in the rivers of Europe is
of a very aberrant form, and is as much related to the
aberrant Gadiade as to the typical Loricarine. The
Gadiade, or cod-fish, again, seem to supply, in cold and
temperate regions, the place of the Siluride : they are
most abundant on the confines of the Arctic seas, and
gradually diminish as they approach the southern shores
of Europe, where the species, although many, are almost
all of the aberrant forms ; and yet not one example of
the whole family was observed by us in the Brazilian
seas. As we shall occasionally touch upon this subject
in the succeeding pages, further instances need not be
mentioned in support of our opinion. The fact, we
have no doubt, will ultimately be established, that fishes
are nearly as much limited in their geographic distri-
bution as birds; and that temperature alone has very
little to do in regulating this distribution.
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CHAP. III.

A SKETCH OF THE HISTORY AND BIBLIOGRAPHY OF ICHTHYO-
LOGY, WITH SO0OME REMAREKS ON COLLECTING AND PRESERV-
ING FISH.

(55.) A rnexerreNep exposition of the rise and progress
of ichthyology is not suited to the present publication, and
would oceupy more space than we could devote to this
department of zoology; but a few general remarks on
this subject cannot well be dispensed with. Like all
other sciences, its progress bas been unequally progres-
sive, according to the degree of attention or of neglect it
has received in different periods.

(56.) The ancients appear to have paid more attention
to this class of animals than any other, and have left us
the namesof nearly 200 different species, chiefly inhabiting
the shores of the Mediterranean—the majority of which
were then, as now, in request as food for the highest as
well as the lowest ranks. After the revival of learning,
and in the middle of the sixteenth century, ichthyology,
as a science, first began to assume a new birth in the
writings of Belon, Salviani, and, more especially, Ron-
delet, better known under the name of Rondeletius. It
is a most fortunate circumstance that these early writers
bestowed so much labour in determining the names by
which the Mediterranecan fishes were known to the an-
cients, which they justly considered of much import-
ance. Immense labour, research, and doubtful disput-
ation have thus been saved to the moderns ; while, on the
other hand, had they attempted to describe, in greater
detail, the internal and external structure, the proba-
bility is, considering the age in which they wrote, that
their books would have been utterly useless to modern
science. As it is, however, they are actually useful, and
often essential, not only as high authorities for the no-
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menclature of antiquity, but for the characteristic, al-
though often rude, accuracy of their figures. Those of
Rondeletius, more especially, are in several instances
more faithful than many that are inserted in our modern
publications ; and to this day they continue to be quoted
as authorities by our best writers. The credulity of the
age, indeed, was in some degree shared by these twin-
kling stars of light in the returning dawn of knowledge ;
for Rondeletius has left us pictorial representations of
certain cunning fabrications, called the monk-fish, the
bishop-fish,and the sea lion. Itis singular that these three
fathers of science flourished at the very same period—all
three having published their works between the years
1553 and 1558. They seem, however, to have left no
disciples ; for during more than a century ichthyology
appears to have lain dormant, until, in 1686, it was again
revived by the labours of our illustrious countryman,
Willughby, the patriarch of zoological science in Britain,
in conjunction with his tutor and companion, the learned
and pious Ray. When it is considered that no less than
186 folio copper-plates form the pictorial volume of Wil-
lughby, in an age when natural history had not a twen-
tieth number of the votaries who now profess to be so, we
cannot but feel surprised at what may be called the
‘¢ gpirit” of the booksellers of that age, in undertaking
the publication of a work which none of our modern
bibliopoles would think of venturing upon. This vo-
lume is altogether not only highly curious, but even
valuable. The figures are very unequal, since it seems.
to have been intended to comprise a complete collection
of all known fish: hence those found in the volumes of
Rondeletius, Salviani, Marcgrave, &e. are faithfully co-
pied ; but these are interspersed with a large number
of original designs, many of which are drawn and etched
with a degree of accuracy,. spirit, and effect, which it
would be even now difficult to surpass.® Ray’s Systematic

* Among these, the reader may refer to tab. E. 2. F. i. 3, ¢, 5, 6, &e,
The holibut { fig. 6.), is uncommonly fine, and the flatness of the sole (F.
JSig. 7.) s inimitably expressed.
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Synopsis appeared only in 1713, and contains little that
can be said to have advanced the science.

(57.) But ichthyology was now to assume a form
and order which it had never yet appeared in; for,
in the year 1738, the works of the great Artedi,
the friend and disciple of Linnzus, were given to
the world by his no less celebrated master, whose
arrangement of the fishes in the Systema Nutuwre,
no doubt, laid the foundation of that by his scholar.
Having already, in a former volume, expressed our sen-
timents on the general system of Linnsus, we may at
once pass to that of Artedi, whose knowledge of fishes,
and whose views on their natural classification, are un-
doubtedly much more profound and correct than those
exhibited in the Systema Naéure. Artedi, in short, must
be considered the true founder of systematic ichthyology:
he has treated the subject both as a philosopher and a
naturalist ; and we presume to think he deserves much
higher honour than some writers of the present day have
been disposed to give him. It is not a little remarkable,
and may be urged as a proof how truly he deserves this
praise, that three out of his five primary divisions have
been adopted by M. Cuvier ; of the other two, one ( Pla-
giuri) is composed of the cetaceous Mammalia, and the
other of the Plectognathis (Cuv,). True it is that Artedi,
like all the naturalists of that time, was not aware of this
latter order possessing branchial rays, and consequently
named them Branchiostagi; nevertheless, it is quite clear
that Artedi perceived they formed a natural group, how-
ever he erred in part of their definition, for he united
with them the genus Lophius and Syngnathus, the whole
of which, as will hereafter appear, possess all the cha-
racters of a primary order. We must leave this sub-
ject, however, which more properly belongs to another
part of our volume, and turn to another labourer in the
same vineyard, although in a different department. We
allude to Klein, whose valuable labours on the anatomy
of fishes first opened the view of a new and untrodden
field to future ichthyologists, and laid the foundation of
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all that has since been accomplished. Klein was a most
industrious and even voluminous writer ; and though but
little can be said of his ornithological writings, those
which relate to the class before us place him, in our
estimation, among the most eminent writers in this de-
partment of zoology. His chief work is now become so
very scarce *, that we have never seen a complete copy
offered for sale; while the numerous figures it contains,
although perhaps not equal to those of the present day,
will always render the work a standing authority.

No publication of moment appeared during the next
fourteen years, excepting that of Gronovius, whose name
still ranks high both in botany and zoology. Of his
writings we have already spoken.t His latest work on
ichthyology, the only one we possess], is still of much
value, not only from containing the characters of several
genera first defined by this author, but also for the ex-
cellency of the plates; nearly all the figures, indeed,
are admirable, and most of them, in the artistical spirit
of their execution, are equal to the very best of the
present age. . The next author of any considerable note
was Gouan §, whose ichthyological labours were confined
to one volume, in which the genera are deseribed with
all that attention to detail, and in that technical lan-
guage, introduced by Linngus with such incalculable
advantage to science,

(58.) Hitherto, however, ichthyology had been en-
tirely without any work expressly devoted to coloured
representations of fishes: the magnificent volumes of
Catesby, indeed, on the natural history of Carolina,
contained several figures of this class of animals ; yet it

* Jacobe Theodore Klein, Historia Piscium Naturalis, promovends
missus, 1—5. Gedani, 1740—1749. The first part contains six plates; the
second, four; the third, seven ; the fourth, sixteen; the fifth, twenty;
besides a EH"'I“'CI'E.II; of the author. —_ Mantissa lt"l]tj‘]}'ﬂlﬂglta de Sono et
Auditu Piscium. Lips, 1746. In my cnp}r of thizs voiume the fﬂllnwmg
note i5 inserted : —*° This is one of the scarcest modern books of its
kind that I know of; I desired Dr. Schaefler, of Dantzig, to procure me
a copy, Lut there was not one to be had in 1”3 - A. Y B.”

+ Preliminary Discourse, p. 43.

1 L. T. Gronovius, Zoophylacii Gronoviani, fascic. 1. Lugduni Bata-

vorum, 1763, folio, with thirteen plates of fish,
- Ant. Guuan Historia Piscium. Strash. 1770, 1 vol. 4to.
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was not until the year 1785 that the first work of this
sort, expressly devoted to fishes, was commenced by the
celebrated Bloch. He was a Jewish physician settled
in Berlin ; and his ichthyology, in twelve folio parts,
contains no less than 452 coloured plates: of these, 216
belong to the first six parts, and comprise nearly all
the European fish ; the other six, more especially de-
voted to the exotic tribes, are now very rare, in conse-
quence of a fire having destroyed the greater portion of
the copies. The figures, however recognisable, in most
instances are very inaccurate both in their drawing and
colouring, particularly those in the latter volumes; so
that they fall short, in every respect, to those of Grono-
vius and the original plates of Willughby: neverthe-
less, Bloch must always be classed among the highest
ichthyologists : his descriptions are generally very good,
and he refrained from incorporating in his work a great
number of species loosely described. and still worse
figured, in former publications. This judicious plan,
however, was not followed by Schneider, his commen-
tator and continuator, who published two additional
volumes with 110 plates, so late as the year 1801.* The
admirable volume on the anatomy of fish, by Dr. Munro,
was also published in 1785.f It is gratifying to our
national character that the labours of our distinguished
countryman should thus have laid the most permanent
foundation for all that has been subsequently achieved
in this department. The great work on the natural
history of fish, by the count Lacepede }, was the next
publication after that of Bloch upon general Ichthyoclogy.
As it embraced an account of all recorded species, whe-
ther examined by the author himself or known only from
the descriptions of others, it became, in some degree, a
compilation, as all general systems so constructed must
be ; when, therefore, we make allowance for this, and
for the very little attention that was then paid to cha-
* Schneider, Systema Tchthyologia, Berlin, 2 vols, 8vo. 1801,
+ This is omitted by some oversight in the lists of the Régne Animal.

1 Lacepede, Comte de, Hist. Nat. générale et particuligre des Poissons.
Paris, 5 vols. 4to. 1798 —18(03.
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racters now found to be of much importance, we must
pronounce this the most valuable ichthyological system
that had then appeared. It is not, like others in differ-
ent branches of zoology, a servile copy of the Linn®an
divisions, but numerous others are defined for the first
time: and when we look back to what systematic ich-
thyology was before, and what it became by the labours
of Lacepede, no one can in fairness deny but that a
great and important advance in this science had been
effected. No naturalist can hope to achieve more than
this, however great may be his abilities; and we do not,
therefore, understand upon what ground so much cen-
sure has recently been cast upon the works of this dis-
tinguished Frenchman by some of his own countrymen.
Lacepede’'s generic names, indeed, are destitute of
euphony ; but this is secondary, and can easily be reme-
died ; and numerous errors may, no doubt, be found in
such a vast undertaking: but we contend again, that
these errors were inevitable, and resulted more from the
paucity of his materials, and the inaccuracy of those
who had gone before him, than from any deficiency in
his powers of discrimination. Such errors might be
pardoned half a century ago, but are totally inexcusable
in the present day. Certain it is, however, that Lace-
pede’s Tehthyology will always be a standard authority,
even for his supposed errors; and it will be found by
those who have occasion to consult them, that he is by
no means chargeable with several that have been of late’
attributed to him. The figures, on the other hand,
although well engraved, are, in general, very deficient
in accuracy ; the major part being either copies, or
drawn by artists who were totally ignorant of the sci-
entific details of their subject. It is certain, however,
that the work had a great and almost immediate effect
in awakening attention to this long neglected branch of
zoology. The interval between the respective works of
Bloch and Lacepede comprised a period of near twelve
years, in which, with the exception of a number of
valuable anatomical dissertations, nothing of material
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importance on the general subject had appeared. We
here except the compilation of Gmelin, which, however
useful it might have been in regard to species, cannot be
said to have permanently advanced the science. But no
sooner had the great reformations effected by Lacepede
become generally diffused, by reprints and translations,
than ichthyology received a new impetus ; whether this,
however, was the true cause, or whether, about this time,
zoology in general began to be more studied, certain it is
that it advanced more rapidly. The clear and compen-
dious tables of M. Dumeril®, which incorporated the
new divisions of Lacepede, placed all the modern im-
provements of artificial classification in the hands of
students ; and although the naturalists of Britain still
adhered to the Linnwman system, that of Lacepede was
generally adopted on the Continent. A most valuable
addition to our knowledge of the fishes of India was
made in 1803 by Dr. Russell ; the descriptions are excel-
lent, and the figures, although in outline, and executed by
Indian artists, sufficiently good for scientific purposes.
(59.) The year 1810 was remarkable in the annals
of our science for the appearance of two important works
on the ichthyology of the Mediterranean: one was by
M. Rafinesque Schmaltz, subsequently professor of natural
history in Lexington, U. 8. ; the other, relative chiefly
to the fishes of Nice, was from the pen of M. Risso.
The first of these is of much importance ; and, from
particular circumstances, will claim more of our attention
than would at first appear necessary. M. Rafinesque’s
Sicilian works are now become so very scarce (the greater
part of the unsold copies having been lost at sea), that
few naturalists will have the power of consulting them.
His chief ichthyological work is a synopsis of “ New
Genera and Species of Animals and Plants ” found by
the author in Sicily; and this was followed by a pamphlet,
entitled ¢ Indice d’Ittiologia Siciliana.”” The details of
the new views of M. Rafinesque, in regard to classifica-

* Dumeril, Zoologiz Analytique, 1 vol. 8vo. Paris, 1806
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tion, are too long to be inserted in this volume, but they
will be occasionally adverted to. - The faults that have
been dwelt upon®* in these two works are such as all
authors, even M. Cuvier himself, is not exempt from ;
they seem to us, in short, too trivial for the notice of the
historian, and too general to be affixed to any one author
in particular, We freely admit that M. Rafinesque (then
living, as we were, in a remote part of Europe, cut off,
by the late war, from all intercourse with the Continent)
was not well informed upon the current and almost daily
discoveries going on there ; and that some few of his
species then supposed new, were really not so: but who
is exempt from such errors, if errors they are ? or how are
such coincidents to be prevented, when naturalists, in
distant places, and unknown to each other, are working
. at the same time upon the same subject? On the other
hand, it must not be concealed that M. Rafinesque an-
ticipated, by nearly ten years, a very large proportion of
the generic and sub-generic distinctions subsequently
taken up in the Régne Animal, in the first edition of
which it is clear that its learned author was totally
unacquainted with the works above mentioned, or
that he was unconsciously repeating, under new names,
a considerable number of the genera and sub-genera

# M. Cuvier observes: * He has, besides, entered in his eatalogue, with-
out examination, all the species given by Lacepede and Linnsgus as belong-
ing to the Mediterranean, which has caused him to reckon several which
are purely imaginary ; and this extends even to his genera: thus, his dodon,
taken from Lacepede, is the Haie cephalopire ; his Macroramplus, taken
from the same source, is the Cenfrisens. He has greatly multiplied the
genera, and sometimes on slight grounds ; =0 that, without reckoning
those which are not inhabitants of the Mediterranean, there are 159 ; and
vet, notwithstanding his readiness to make these divisions, he has not
done so in circumstances in which it would be imperatively commanded by
the laws of classification. He leaves, for instance, the anchovy in the
herring genus, and the plaice in that of the sole ; while of the single Lin-
naan genus of Sgualys he has made zixteen.” * These two works are,
nevertheless,” continues M. Cuvier, ** very worthy of attention, on account
of some original ideas, and of descriptions and figures of the fishes them-
selves, which are to be found nowhere else. The author, also, has paid
attention to the Sicilian names of most of hiz species.”™ 1f Rafinesque made
ton many genera, M. Cuvier has nearly doubled them ; and as for the * laws
of classification,” which imperatively command the formation of these
genera of M. Cuvier, the term is totally misapplied. Genera, like those of
Hafinesque and Cuvier, are mere matters of individual opinion, because
they are made without any ulterior reference, and are wmerely divisions,
with which no laws of artificial classification have any thing to do,
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long before established in the volumes of professor
Rafinesque. It would have been well had these un-
intentional errors been rectified in the second edition,
or in the general ichthyological work of MM. Cuvier
and Valenciennes ; but they are not so ; and naturalists
will judge how far this is consonant with common jus-
tice, or with that law of priority which is the only safe-
guard to the reputation we all covet. The generic cha-
racters of Rafinesque are as simple and intelligible as those
of Linneus, and the derivation of their names strictly
classical and euphonious, In regard to the majority of
those species which have been termed ¢ imaginary,” or
inaccurately described, our firm conviction is, that
nearly all, eventually, will be as fully established as those
of the best known in our systgms, We have formed this
opinion not from theory, but from actual observation,
and from having verified, in mauny instances, the va-
lidity of Rafinesque’s characters.® The truth is, that

# Tn further justification of the opinions here advanced, it may be proper
for me to state that I had the pleasure of M. Rafinesque’s snciety, during
the three years of my official residence in Sicily, from 1807 to 1810, and
again in 1812, when we were both at Palermo, prosecuting our betanical
and ichthyological researches together. Circumstances have hitherto pre-
vented me from giving them to the public; but an extensive series of
drawings and descriptions, made from the life, of the Sicilian fishes, not
only confirms the aceuracy of M, Rafinesque, in many instances where he
has been charged with error, but affords strong grounds for believing that
one half of the Sicilian species, said to be found also in the Atlantic Ocean,
Britain, &c., are, in reality, quite distinct, M, Rafinesque, unfortunately,
was unable to publish more than a svnopsis of his ichthyological dis-
coveries ; angl his fipures, being very slight, are often not ecaleulated to
glear up those doubts which the brevity of his deseriptions sometimes
creates : nevertheless, to one who examines the species on the spot, in a
fresk state, there are few which may not be identified. M, Cuvier often
asserts that all M. Hafinesque’s species were described from preserved
specimens; but this is an error — they were all taken from the life. We
both used to frequent the fsh-markets, and we procured all our specimens
there. or from fishermen who were in our employ. 1 was frequently
urgent with my friend to preserve, at least, such as were the most remarkable
of his new genera, anticipating the ineredulity thal has since been attached
to them ; but this advice, uniortunately, he never adopted. The greater
part of those which 1 examined, after being drawn and described, were
thrown away or eaten ; a military life not being suited to the formation of
such collections ; but many of those species met with near Palermo, were
preserved in spirits, and sent to the British and Zoological Museums ;
few, however, of these are now in existence. One cause, perhaps, of the
errors of M. Cuvier regarding the Mediterranean fishes, may be, that he
had only examined preserved specimens, either distorted by stuffing, or
bleached and shrivelled by alechol, so that it becomes often difficult to
recognise the most common species.  1f 1 have dwelt too long upon this
subject, I hope the benevolent and candid reader will excuse me: it has
originated in my desire to do adequate, though tardy, justice to cne whose
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Sicily is perhaps the richest field for the ichthyologist,
of any yet explored in the Mediterranean, in whose
warm and prolific waters, washing the tranquil shores
of so many islands, an immense variety of fish are
constantly found. Besides these two works, more es=-
pecially devoted to the ichthyology of Sicily, many
other papers by the same author are scattered in the
periodical publications of Palermo; and he has also
given a most original and valuable account of the fishes
of the great river Ohio. The second volume on
Mediterranean Ichthyology, by M. Risso, just alluded to,
is highly interesting, from an account of several new
species, and a few new genera ; but the classification is
that of Lacepede, and the figures too small to be ser
viceable: a second edition, as we find, was subsequently
published ; but this we have not yet seen. The fish of
these shores were subsequently illustrated, in detached
portions and separate essays, by several learned foreigners,
among whom the names of Viviani, Spinola, and Va-
lenciennes, are conspicuous ; while the labours of
Leach and Montagu, in our own country, have been
justly praised. A most perfect and masterly account
of the singular fishes of Egypt has proceeded from
the accomplished pens of the illustrious Geoffroy Saint-
Hilaire, and his talented son Dr. Isidore Geoffroy;
the figures are drawn from the life by the younger
Redouté, but they are by no means good : the expense
of this valuable work renders it inaccessible to the ge-
nerality of purchasers. A decade of Cuban fish, very
fully and perfectly described, came from the pen of
M. Desmarest; but the plates by which it was intended
to be illustrated, we have never seen. The ichthyology

e x = s

whole life has been devoted to science, and who has been singularly un-
fortunate in his worldly concerns ; who, notwithstanding his eccentricities,
has a Kind and benevolent heart; and whose labours have never been
appreciated as I think they deserve. But for this, M. Rafinesque would
not, in advancing life, have to contend with pecuniary difficulties, from
which a small pension from the American government, proverbially ge-
nerous to her scientific sons, would set him free,
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of America, about this time, began to excite the zealous
attention of several of our transatlantic brethren ; and
the various essays and papers by Dr. Mitchell, Le
Sueur *, Harwood, and Rafinesque, have accumulated
such valuable materials, that we trust they may be soon
augmented, and condensed into a general work devoted
to this branch of American zoology.

(60.) But we must not depart from the chrono-
logical order of our rapid survey. The year 1817
saw the publication of the first edition of the ¢ Régne
Animal,” — a work replete with profound anatomical
science, and with many just and admirable improve-
ments in scientific arrangement. Having already spoken
so fully of these celebrated volumes, on a former occa-
sion, we have only to look to its ichthyolegical portion.
Besides the genera that had previously been named and
defined by Rafinesque, but unknown, and therefore
unacknowledged by M. Cuvier, there are a great number
of others really new ; and the whole, being well
digested, give us the most finished and popular system
that had appeared since the days of Lacepede. It must
not be supposed, however, as some have imagined, that
there was any thing sudden or astonishing in the ad-
vance which was thus made. Ichthyology, like all
other branches of natural history, and, indeed, all other
sciences, had been advancing gradually and progressively.
Since the decline of the Linnzan school, the first, and
therefore the most signal, reformation in the genera
was undoubtedly effected by Lacepede : the new groups
pointed out by Rafinesque, materially advanced this

#* Tt is scarcely possible to praise too highly the delicate and masterly
delineations which so peculiarly characterise every subject which comes
from the pencil or the graver of Le Sueur, whom 1 have ever looked upon
as the first zoological artist of the age. His are the only delineations I
have seen, where the delicacy, the accuracy, and the high finish of the
French school are united with the freedom, grace, and decision of the
English style : the ease and ingenuity with which he can comprise large
subjects within a small compass, without the least confusion aof the parts,
is seen in many of the exquisite outline plates, drawn and etched by him-
self, in the early volumes of the American 1Transactions. Secience and the
fine arts moust ever deplore that the noble work on the Meduse, long con-
templated by this prince of zoological painters, has never been given to

the world. Surely a sufficient number of subscribers might be found to
protect the author from pecuniary loss ?
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reform ; and M. Cuvier's system, again, aided by his
high reputation and anatomical skill, made another
signal yet graduated advance towards a knowledge of
the true structure of this difficult class. Like all other
new systems, however, it was some time before this re-
ceived favour or adoption, at least in this country ; and
such will ever be the case when old ideas are to be cast
aside, new ones learned, and prejudices overcome. The
truth is, that no favour or support can be expected to new
views from old naturalists: we do not like to have our
long-cherished creeds disturbed ; and without, perhaps,
being aware of it, we naturally, and almost inevitably, be-
come strongly prejudiced in favour of what is old and
established. 1t is, therefore, not so much to the existing
as to the succeeding generation that we must look for a
- candid and impartial judgment upon those innovations,
and which are in direct opposition to high authorities and
long-cherished views. And this, perhaps, is for the best.
Throughout nature, that which is most permanent is of
the slowest growth : the oak is only in its vigour, when
the surrounding plantations of poplars and larche:-, are
wnhenmg into decay.

(61.) Additions to ichthyological science now be-
came so numerous, that we must altogether confine our
notices to such as are of leading importance. In this
view we must regard the most valuable account now
extant of the fishes of India, more especially those of the
Ganges, by Dr. Buchanan Hamilton. The descriptions,
which are clear and ample, are interspersed with many
original and interesting observations on affinities and
natural groups; while the figures, much superior to those
of Russell, are very neatly executed. A vast number of
new species are here first described. We have no he-
sitation in considering this work as the most original
and valuable that this country has yet produced ; and it
places its author, now dead, in the foremost ranks of this
science. 'The different artificial systems of MM. Blain-
ville, Risso, Pallas, Goldfuss, and several others, need not
here be mentioned ; they are not founded upon any ge-
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neral considerations, drawn from other classes of the
animal kingdom ; and although each makes, in some of
the details, a greater or lesser approach to nature, each
may be also said to have its weak points. Neither have
we space to particularise, in detail, the valuable additions
made to the comparative anatomy, or rather the internal
structure, of fish, by many able and skilful men, who now
began to take up this department of the science ; most
of these essays are in the voluminous and expensive
Transactions of societies, and are therefore not very acces-
sible to the student. This latter obstacle, unfortunately,
is also an impediment to the possession of the numerous
and beautiful figures of fish dispersed in the Zoological
Atlases of the French circumnavigators, and deseribed
by the naturalists who accompanied the different expe=
ditions : many interesting fish are also figured among
the plates taken from the late general Hardwicke’s
Indian drawings, edited by Mr. J. E.Gray; and the
volume on those discovered by Dr. Richardson forms a
valuable addition to our knowledge of the Arctic species.
(62.) There are two important works, however, which
deserve a more particular notice: one of these includes
the numerous and beautiful species discovered by that
enterprising traveller and accomplished zoologist, Dr.
Riippell, on the shores of the Red Sea.* Although,
from being drawn on stone, the execution of some of the
figures appears to be coarsé, yet they are the most masterly
and artistical (next to those of Le Sueur) that we have
ever seen: they wear every appearance of having been
drawn and coloured from the fresh subjects with evident
care and exactitude ; so that they deserve to be ranked
among the most valuable that have ever been published :
the descriptions are in German, but the specific cha-
racters are also in Latin, We anxiously look forward
to this unrivalled collection of coloured figures being
augmented, and in the same style, by those new species
discovered during the second expedition of this zealous

* Atlas zu der Reiseim Nordlichen Afrika, von Eduard Riippell — Fische
des Rothen Meers, Frankfurt am Maine, 1828, folio, with 35 plates.
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naturalist to the same regions.® The other work we
allude to is on the fishes of Brazil, discovered by the
late Dr. Spix, and edited by one of the most accom-
plished of living ichthyologists, M. Agassiz: the figures
seem to be accuratet, and are highly finished, —too
much so, indeed, since this circumstance renders the
work very expensive ; while the letterpress is particu-
larly ample and elaborate : several plates are devoted to
pictorial representations of the modes of fishing pursued
by the native tribes; and others, to the delineation of
the different form of the scales in various species, a
subject upon which M. Agassiz is known to have be-
stowed great attention. It is to be regretted that ,so
very few of the discoveries, not merely of new species,
but of singular and hitherto unknown types, contained
~in the works just mentioned, should have been incor-
porated in the second edition of the Régne Animal, of
which the ichthyological volume appeared so late as
the year 1820. M. Cuvier, indeed, has here character-
1sed several additional genera, not contained in the first
edition; but they are chiefly, if not entirely, the fruits of
his own observation. These additions, however, form
but a small proportion of the discoveries effected in this
science since 1817 ; so that the last work must be looked
upon more as the result of the learned author’s indi-
vidual researches, than as giving a general exposition of
the present state of ichthyological knowledge. As a
collection of important facts, and of anatomical investi-
gations, it excels all others; and whatever objections
may be raised to the formation of the groups, there can
be but one opinion of its being of great usefulness. The
extensive researches of the author are more conspicucus
in the great work commenced by him in conjunction
with M. Valenciennes ; and this will ever remain an

* Since the above was written, Dr. Riippell has kindly forwarded us a
copy of his Second Atlas, entitled ® Neue Wirbelthiere zu der Fauna
Abyssinien gertrig, &¢." The fish form one vol. folio, with 33 plates, more
delicately but less vigorously delineated than the cther.

t Although the majority are deficient in grace, and what is called good
drawing,the minute details of the teeth, &c. are particularly well doue.
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honourable monument of their joint labours. The de-
scriptions are generally ample, and the plates are deli-
cately and, for the most part, correctly executed: we
sincerely trust that this valuable work has received no
check in its publication. It is now near twelve months
since the last or twelfth volume was published ; and
nearly as many more will be necessary to complete it on
the same plan. Such a work, as a general history of
fish,is the most perfect yet contemplated ; and no library,
whether public or private, can be called well selected,
without these volumes. Having said thus much, our
further observations will be offered under the head of
those groups to which they are more especially appli-
cable. Before concluding this hasty sketch, we cannot
omit to mention the valuable addition made to our native
ichthyology, by the two volumes upon British fishes, by
Mr. Yarrell * ; they form a most important acquisition
to the British naturalist ; and they doubtless will be the
means of eliciting, in a few years, a vast mass of new
information on these animals, Notwithstanding the

numerous additions thus made to our marine fauna,

the perusal of these volumes has convinced us, that
many species require further investigation. The re-
cent discovery of that extraordinary fish by Mr. Couch,
our well known Cornish ichthyologist, which has been
named Amphiozus lanceolatus by Mr. Yarrell, seems to
justify our anticipation of the novelties yet to be found
on the British coast. We have seen the prospectus of a
general work on the fluviatile fish of Europe, with coloured
plates, projected by M. Agazziz, but we know not whether
its publication has commenced.

(63.) A few remarks on the PRESERVATION oF FIsH
will probably be useful to many of our readers, parti-
cularly in a volume which is intended as a compendinm
and text book for the ichthyological student. Unfor-
tunately for our museums, no method has yet been
discovered by which the rich and vivid colouring,

* William Yarrell, V.P.Z.8, F. 1.8, A History of Britizh Fishes, illus-
trated by nearly 400 wood-cuts. 2 vols. Svo. London, 18346,
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so often seen in these creatures when fresh, can be
preserved. Hence it is that so few collectors possess
them ; for as there is nothing pleasing to the eye in the
discoloured body of a fish immersed in spirits, they
will only be preserved as objects of curiosity, or for
purely scientific purposes. There are two processes by
which this object may be accomplished: the one, by
drying the specimen; the other, by immersing it in
aleohol,

(64.) Large fish, having tough skins, as the sharks,
and others covered with bony plates or spines, like the
cheloniform genera, are best preserved in a dry state.
For this purpose, the most simple method is to make a
longitudinal cut from the throat to the vent, sufficiently
long to admit the whole of the flesh and bones to be
removed ; or, when practicable, to allow the fish to be
skinned, leaving the bones of the head entire: the in-
side surface may then be anointed with the arsenical
soap ; and after being filled with sand to its natural
dimensions, and gradually dried, the skin retains its
form : a portion of the sand may then be removed, to
render the specimen lighter, and the cavity filled with
cotton. The incision, of course, must be sewed up in
the first instance ; but if the specimen is re-opened to
substitute any softer material for sand, it can be again
sewed up, as the original holes remain. The cheloni-
form fishes, being small, will not require skinning ; and
their mailed plates being hard and compact, the form
will be retained even without any stuffing.

(65.) The most useful, as well as the most simple,
method, however, is to preserve all such fish as are of
a moderate size, in spirits. Wide-mouthed bottles with
ground glass stoppers, such as are seen in apothecaries’
shops, are the best vessels for this purpose: but when
these cannot be procured, old pickle bottles, of green
glass, will do very well : these can generally be pro-
cured abroad and at home ; and, if well corked, and the
top afterwards covered with bladder, they will travel,
with ordinary care, over the world. The great object
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is to render them, if possible, air-tight, to prevent the
evaporation of the spirits. The best liquor, perhaps,
that can be used, is spirits of wine ; but this is very
expensive, and cannot always be procured. We believe,
however, that the common rum of the West Indies is
equally efficacious ; and, indeed, pure spirits of any
sort will answer the same purpose ; but Mr. Yarrell
confirms what we have also experienced, that the com-
mon English gin, as sold in the shops, is so much
adulterated, that it is quite unfit for this purpose ; so that
its only qualities seem those of destroying living meh and
dead animals. Next, in regard to the specimens, they
should not be so much crowded as to press upon or
against each other, so as to cause injury ; it would even
be adviseable, where many gre put into one bottle, that
a little cotton or tow be inserted between them: o each
may be wrapped in cotton, or even sewed up in a thin
calico bag, before being put in the spirit. Where it is
intended to form a large collection for transmission to
Europe, and glass bottles are not to be procured, a small
keg may be used as a substitute; and one end should be
left open until a sufficient number of specimens are
procured to fill it: these may be placed in layers,
alternately, with a thin one of cotton or tow, and the
spirit progressively added, as the filling goes on, taking
care that no greater quantity of the liquor is put in at
one time than is sufficient just to cover the specimens ;
by this precaution they will be preserved compact, the
liquor will have time to insinuate itself into the bodies,
and the replenishing can proceed gradually. When the
cask is full, the head is to be again fixed, and the su-
tures secured outside by pitch, to prevent leakage.
(66.) When any particular notes are made as to the
colours, habits, or other peculiarities, the most effectual
method of identifying the specimens is, by attaching to
them a small label of thin lead, whereon is stamped a
number, agreeing with that of the catalogue. This
will supersede all necessity for taking notes on the
structure, or of such particulars as can be seen in the




)

LOCALITIES OF FISHES. Tl

preserved specimens. As the colours, however, are
entirely changed by the action of the spirits, notes upon
each, when practicable, should always be made. To
those collectors, however, who are draftsmen, we should
recommend the plan pursued by us abroad. A rough
sketch was made from the fish, and all the tints washed
in, to enable any one to make an accurately finished
drawing afterwards, provided he possessed the specimen
itself, and the finished outline.

(67.) The readiest way of procuring specimens, to
a person not himself a fisherman, but residing in a
maritime town, is by regularly frequenting the fish
markets, where nearly all the edible species found upon
the neighbouring coast will, at one season or other, be
exposed for sale. Particular people, however, have their

- local prejudices in regard to such as are considered not
wholesome ; for these the collector should inquire of
the fishermen themselves; or, what is much better, let
him go in their boats, and be present at the drawing
up of their nets: numerous species too small for the
market, or not usually eaten, will thus 'be procured.
Both these plans we pursued, with the greatest success,
at Palermo, Messina, Pernambuco, Bahia, &e.

(68.) In regard to the localities most likely to pro-
duce abundance of species, it may be stated, almost
as a general rule, that the coasts of islands, widely
separated from continents, are the most productive :
hence it is that the tropical archipelagos of the East and
West Indies are much richer in fish than the coasts of
the neighbouring continents ; and to this, also, we attri-
bute, in a great degree, the peculiar abundance, both in
number and variety, found along the coasts of Sicily and

® Malta. The Grecian islands, no doubt, are equally
abundant ; yet they have never been explored. But of
all the islands bordering the European geographical
range, we apprehend none offer such a splendid field
for the researches of the ichthyologist as the Madeira
islands on one hand, and the Azores on the other ; the
latter, more especially, may be called an unexplored pre-

F &
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serve for new discoveries. Situated at such a long dis-
tance from any continent, this cluster of islands must be
a central rallying point for innumerable species during
the breeding season, and to which they make their way
from every point of the compass.*

CHAP. IV.

ON TEE SYSTEMATIC ARR&NGEEIEI:IT OF FISHES.

(69.) O~ a former occasion we have explained. and
fully discussed the nature of those various arrangements,
methods, or systemst, which are used by naturalists for
making known the objects of their study; but as the
former volumes may not be in the hands of all who
possess this, and as it is desirable that each, as far as
possible, should be complete in itself, we deem it ad-
visable, before entering into the details of this chapter,
briefly to recapitulate some of the most important con-
siderations on this subject,—the more so, as much of
novelty will be found in our views of the natural
arrangement of this class, and it may justly be expected
from us to state the grounds upon which we venture
to bring forward an entirely new arrangement.

(70.) There are two modes by which the various
classes of natural objects may be arranged: one is to
view each class or division as isolated, and to construct
a system upon prineiples applicable to them, and to them

only ; the other is to view them only as parts of one

vast whole, and to construct our arrangement of them

#* We haveMlong had an ardent wish to investigate either Madeira,
or the Western Islands, — the latter a bright, although neglected, cluster
of jewels in the diadem of the young and lovely queen of Portugal ; and
we take this opportunity of soliciting information from such of eur readers
as may be living there, or have the means of rendering a six months’
residence at some one of these islands agreeable in point of society, and
beneficial to our scientific pursuits,

+ Geography and Classification of Animals, p. 122,
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upon principles that are not merely applicable to them,
but to all other portions of the animal or vegetable cre-
ation. Now, if the simple question were put to any
reflecting mind, which of these plans was the most phi-
losophical, or the most likely to exhibit the true series
of nature, no one would hesitate to decide upon the last.
This is only a different method of stating the true
nature of artificial and of natural systems. The former,
indeed, cannot be said to be founded on any general or
fixed principles, extending their influence to other
branches of zoological science; for although, in one
sense, each class may be arrmgt'e-‘r-lii on a principle, yet
that principle is altogether arbitrary. There may be
principles of ichthyology, of ornithology, and of all the
other classes, but there cannot be prineiples of zoology,
.unless the whole of its divisions present a consistent
uniform harmony in their arrangement. Upon this
vantage ground, therefore, the philosophic naturalist
takes his stand ; and while he willingly confesses the
advantages, nay, the absolute necessity, of availing him-
self of the artificial mode of arrangement in little known
groups, he feels fully persuaded that the very first im-
perfect glimpse of the natural system should be seized
and adopted, since its very errors will eventually lead to
truth, and accelerate the discovery of those principles
upon which alone zoology can be rendered a science of
demonstration, at least in the opinion of those who have
given laws for the prosecution of the physical sciences,
of which zoology, vast as it is, forms but a small
part.

(71.) One of the consequences involved in the
law of representation (or that by which one group of
animals represents another group in a totally different
class) is, that the primary divisions of a class are no
longer arbitrary, We advert to this subject more par-
ticularly in the present volume, because, although we
have adopted, in almost every instance, the higher
groups pointed out by our predecessors, we have not
given to them that rank in the class which some have
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assigned to them. We have already shown, in former
volumes, that the primary groups of birds represent
those of quadrupeds ; and it therefore follows, that if we
can find certain groups of fish which represent both
these, we arrive, by induction, to the sure conviction
that such groups of fish constitute the primary divisions
of the class. The Plectognathes, for instance, are placed
by M. Cuvier as a part of the osseous fishes, when,
even by his own admission, their skeleton is semi-car-
tilaginous. The group, however, is evidently natural ;
and we accordingly preserve it, giving it only a higher
rank. But this change, however, is not the result of
arbitrary opinion : neither is it because the great fathers
of ichthyology did the same ; for they also were guided
in their decision, not by pripeiple, but opinion. It is
because these fishes, besides the neculiarity of their
skeleton, unquestionably represent one of the grand
divisions of the Fertebrata, as well as one of the
primary orders of quadrupeds, of birds, and of reptiles :
and as there is no other division of fishes which
does the same, the Plectognathes are thus proved to be
one of the chief divisions of the class. = The same
remark is applicable to the apodal fishes of authors,
where we find all the species destitute of ventral fins ;
but the skeleton is variable. Why, then, is this an order ?
The question is thus answered : Cuvier has shown they
are closely connected, and, in fact, pass into the osseous
fishes ; and he also coincides in the opinion of all our
best zoologists, that they likewise make an equally close
approximation to the Vermes, or worms. Now these
apparently opposite relations could not well be true, if
some of the eels had not the bony skeleton of the more
perfect tribes, while in others it was rudimentary, in
order to mark their proximity to the Fermes. The

skeleton is consequently variable ; but in all other respeets

the characters of the apodal fishes are constant.
(72.) Preserving the distinction between artificial
and natural systems elsewhere explained *, we shall at
% Geography and Classification of Animals, p. 195.

.
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once proceed to the enumeration of those which have
been the most celebrated ; but the curious reader will
find several others in the elaborate history of ich-
thyology drawn up by MM. Cuvier and Valenciennes.
We shall confine ourselves, on the present occasion, to
those of Artedi, Linnzus, Cuvier and ’lfalenmennes,
Bonaparte, and Oken.

(78.) One of the primary divisions in the system
of Artepr (1788), as before mentioned, is composed
of the Cete, or aquatic Mammalia. The other four
are characterised as follows: —

Tuil perpendicular, fins supporied by rays.

MALACOPTERYGII.
ACANTHOPTERYGIL,
DBRANCHIOSTEGI.
CHONDROPTERYGIT,

hats branchia, ¢ Fins with spined rays.
¥ Branchia destitute of bones,
~ Skeleton cartilaginous.

Skeleton <E"'i.?"ni"il:h bony { Fins with soft rays.

The first order, or the Malacopterygii, are arranged in
six divisions, according to the number and position of
the dorsal fin; while the Acanthopterygii are merely di-
vided into those having the head smooth or rough. The
genera are as follows : —

OrRDER J. — MALACOPTERYGIL.

Syngnathus, Osmerus, Stromateus.
Cobites, Salmo, Gadus,
Cyprinus. Esox, Anarhichas.
Clupea. Echeneis, Murmena.
Argentina. Coryphzna. Ophidion,
Exoceetus. Amodytes. Anableps.
Coregonus. Pleuronectes, Gymnotus.

OrpER IL. — ACANTHOPTERYGIL
Blennius, Sparus. Scorpana.
Gobius. Scia@na. Cottus.
Xiphias. Perca. Zeus,
Scomber, Trachinus, Chatodon,
Mugil. Trigla. Gasterosteus.
Labrus.

Orper III. — BRANCHIOSTEGL

Balistes. Cyclopterus. Lophius.
Ostracion.

Orper IV. — CHONDROPTERYGIL.
Petromyzon. To these are added in an raena, Hepatus, Capyi-
Acipenser. Appendix the genera scus, Teenia, Pholis,
Squalus, Silurus, Lepturus, Citharus, Atherina, Lis
Raia. Plycis, Cicla, Sphiy- paris, and C helon.
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(74.) The arrangement of LinyzEus, as given in the
twelfth edition of the Systema Nature, differs but little
from that of Artedi. As an artificial system, it is on a
more simple plan than that of any other. We shall
give the reader, by the following table, a much better
idea of the system of the great Swede than by any other
means ; and we shall then offer a few observations on
the general nature of the groups. The whole are dis-
tributed into six orders, founded either on the position
of the ventral fins, or, what is much better, on the struc-
ture of the gills. The orders are named, 1. Apodal;
I1. Jugular; 1IL. Thoracic; IV. Abdominal; V. Bran-
chiostegious ; and VI. Chondropterigious: the contents of
each being as follows : —

f

I AropaL. Fentral fins nope.

1. Murana. 5, Anarhichas. 9. Xiphias.

2. Gymnotus. 6. Ammodytes. 10. Sternoptyx.

3. Gymnothorax. 7. Ophidium. 11, Leptocephalus.
4. Trichiurus. 8, Stomateus.

Il JugurLar. Gills bony, ventral fins placed bofore the pectoral.

12, Callionymus. 1 14. Trachinus, 16. Blennius.
13. Uranoscopus. 15. Gadus,

I1I. Tooracic, Gills bony, ventral fins placed directly under the thoraz.

17. Cepola. 23, Zeus, 29, Perca.

18. Echineis, 24, Pleuronectes, 0. Gasterosteus.
19. Coryphaa. 25, Chatodon. 31. Scomber,
20, Gobius. 25. Sparus. 52. Mullus, |,
a1. Cottus. 27. Labrus. 83. Trigla.

2%, Scorpana. 28, Scizna.

IV. AspomiNaL. Gills bony, veniral fins placed on the belly behind the

thorar.
34. Cobites, 40, Fistularia. 46, Mormyrus.
35. Amia. 41, Esox. 47. Exoceetus.
36, Silurus, 42. Elops. 48, Polynemus.
57. Teuthis. 43. Argentina, 49. Clupea.
48, Loricaria. 44, Atherina, 50, Cyprinus.
59, Salmo, ¢5. Mugil. _

V. Braxcuiostecious. GHls without bones.

51, Ostracion. 54, Syngnathus. 57. Balistes.
52. Tetrodon. 55. Pegasus. 58. Cyclopterus.
53. Diodon, 56. Centriscus. 59, Lophius.
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VI. CuoNDROPTERIGIOUS. Gilis and bones cartilaginous.

60. Acipenser. 62. Squalus. 64. Petromyzon.
61. Chimera. 63. Raia.

The above arrangement is so far natural, that it pre-
serves in a distinct group all the cheloniform fishes
( Plectognathes, Cuv.) whose body is encased in a coat of
mail, or covered with hexagonal scales, and which more
especially differ from true fish in having the branchia
concealed and the operculum fixed. This, which we
have shown to form a primary group, is placed next to
the chondropterigious order, where the skeleton becomes
entirely cartilaginous. The apodal order, had it been
restricted to the eel-like fishes, would have corresponded
in its contents to ours; but there seems no reason what-
~ever for placing the sword-fish ( Xiphias) next to Ophi-
dium, or Leptocephalus next to Sternoptyx. The three
next orders, of Jugular, Thoracic, and Abdominal,
are excellent as artificial groups, enabling the student,
by attention to the single circumstance of the pesition
of the ventral fins, to ascertain the nomenclature of his
specimens.

(75.) The system of Cuviek, and of his able coad-~
jutor VAreNcien~Es, will now be more particularly de-
tailed, as given in the last edition of the Régne Animal.
The primary divisions are two:—the first composed
of what are called true or osseous fishes, having the bones
solid ; the second are the Chondropterygii, or cartila-
ginous fishes. In these latter the bones of the lower
Jaw are supplied by those of the palate.

(76.) Osskous, or TRUE FisuEs, are divided by our
author, in the first instance, into two most unequal
assemblages : — 1. Those in which the gills, or branchia,
are pectinated ; and, 2. those in which they resemble
a series of small tufts. All true fishes come under the
first of these divisions, excepting the genera Syngnathus
and Pegasus of Linnweus, which constitute M. Cuvier’s
order Lophobranchii. The first division of osseous
fishes is again divided into two groups of equal dis-

e




78 CLASSIFICATION OF FISHES.

parity : the one containing the Plecfognathes, or our che-
loniform fishes, answering to the Branchiostegi of Artedi;
these having the maxillary bone and the palatine arch
fixed to the cranium: the whole of the remainder, or
the vast multitude of ordinary fishes wherein the upper
jaw is not fixed, form the osseous division. In this
latter, observes M. Cuvier, * there remains an immense
number of fishes to which no other character can be
applied than those of the external organs of motion.
After an extensive research, I have found that the least
objectionable of these characters is the one employed by
Artedi and Ray, drawn from the nature of the first rays
of the dorsal and anal fins. Thus the ordinary fishes
are divided into (1.) MavracoprERYG1r, in which all the
rays are soft, with the occafional exception of the first

of the dorsal, or of the pectorals: and (2.) AcaxTHOP-

TERYGI, in which the first portion of the dorsal, or of
the first dorsal where there are two, is always supported
by spinous rays, some of which are also found in the
anal, and at least one in the ventral fins.”

(77.) The Mualacopterygii, or soft-rayed fishes, “ may
be conveniently divided,” observes Cuvier, “by a re-
gard to the position of their ventral fins, which are
either situated behind the abdomen, as in the Abdo-
minales ; sometimes placed adjoining the shoulder, as in
the Subbrachiati ; or altogether wanting, as in the Apodes
(Linn.). It is impossible, however,” as Cuvier thinks,
“ to apply this mode of division to the AcaNTHOPTE-
rveir; and their subdivision in any other way than by
that of natural families is a problem that I have hitherto
vainly endeavoured to solve. Fortunately, many of these
families are possessed of characters nearly as exact as
those that could be given to orders.”

(78.) We shall first concentrate the foregoing out-
lines of Cuvier’s system in the following table, and then
proceed to enumerate more particularly the genera com-
prised in the families,

e e
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Division I, — Ossrous Fisags.
* Pectinibranchia. :
{ A, The upper jaw free.

—_— e — i
== T ———

L ACANTHOPTERYGES. Pinguipes Cup.
1. Family. PERCOIDES, E‘-‘TWP is ﬂﬂ-!i
* WWith two dorsal fins ; no canines. R LU S L
i Perca Linn, 2 **&xk* Pentral fins behind the
Ebra?:: Cuv. _ pectoral.
tes Cuv. . :
Centropomus Lac. ;?é’;,';imn:s Aﬁiﬂi
Grammistes Cue. Vil i
Aspro Cuw, ol ol
Huvo: Mullus Linm.
%Iﬁlﬁ:-n : 2. Family. TricLipe (Sw.).
Enoplosus Lac. Trigla Linn,
Diploprion Kuhl. Prionetus Lac.
Apogon l’ﬁm, Peristedion Lac.
Cheilodipterus Lac. Dactylopterus Lac.
Pomotomus Risso. . (;eplmaiﬂcguntlies Lac.
imhn&uis Comm. an‘fsp;‘:lﬁﬂﬁharus
ucioperea Cuw, Asp :
o il : Hemitripterus Cue,
* % With one dorsal fin and canines. Hemilepidotus Cup.
Serranus ' Platycephaius Hloch,
s Scorp=na Linn.
ﬁg:ﬂas S Tmnianotus Cue.
: Sebastes Cup,

}’lcctr::qmma.
Diacope Cuw.
Mesoprion Cuv.
Acerina Cuv,

Pterois ey, »
Blepsias Cue.
.e'spie:tuﬁ Cun,

Ry ticus Cuv. ;Ell;::l"} p&ljuf:#l'-
%I}:'n:llgzg‘r?st%:‘ %‘uu ‘]; .f.f'.'.:‘.ﬂ:ﬁrﬁmﬂ&m

e Gt Hssdeni St
; Orepsoma Cup.

Chironemus Cuv.
Pomotis Curp.

Céntrarchis Cuv. 3. Family. Sciexoipes (Cuv.),

Priacanthus Cuw. Scimna Lin.

Dules Cup. Otolithus Cuwe.
Therapon Cuv. Ancylodon Cuep.
Datnia. Corvina Cuir.
Pelotes Cur. Johnins Block.
Helotis Cace. [fmbrina Cuw.

Lonchurus Block.
*=w® With two dorsal fing, and Pogonias Lac.
less than six branchial rays. Eques Biock.

Trichodon Stefler,

Sillago Cua. ** Dorsal fin one.

Hamul i
2xx% Moye than seven branchial pr,:;'t‘i‘;m":ﬁf‘f-fm
rags, Diagramma Cuv.
Holocentrum Floch. Lobotes Cuw,
Myripristis Cuw, Cheilodactyluzs Lac. -
Bervx Cuw. Scolopsides Cup.
Trachichtys Shaw. Micropterus Lac.
; Amphipri
woedkw® ILGh jurnlar ventrals, ]’re:;nla?sr ](D?:v#nck’
Trachinus FLinn, Pomoecentrius Lac.

Percis Bloch. Dascyllus Cuv.
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Glyphisodon Lac.
Heliasus,

4. Family. SPArROIDES (Crv.).
Sargus (Cnv.
’Chﬂ'snphris Cuw,
Pagrus Cuw,
Pagellus Cuy.
Dentex Cu.
Cantharus Cup,
Boops Cuw.
Oblada Cup.

5. Family., Me~ipes (Cuv.).

M=ena Cuw.
Smaris Cun.
Cmsio Lac.
Gerres Cue

" 6. Family, SqQUAMIPENNES (Che-
todon Linn.),
Chmtodon Linn.
Chelmon  Cuw.
E;!?‘imhusﬂﬂum
ippus Ceea,
Taurichtes Cup,
Holocanthus Lee.
Pomoecanthus Lae.
Platax Cue.
Psettus Comi.
Pimelepterus Lac.
Dipterodon Cup.
Brama Block.
Pempheris Cua.
Toxotes Cra.

7. Family., ScoMBER0IiDES (Cuw.).

Seomber Linn,
Thynnus Cuw,
Orcynus Che,
Auxis Crp,

Sarda Cup.
Cybium Cre,
Thyrsites Cuw.
Gempylus Cruw.

Xiphias Linn.
Tetrapterus Raf.
Makaira Lac.
Histiophorus Lae.

Centronotus Lac.
Naucrates FRaf.
Elacatez Crp,
Lichia {(uw.

; Trachinotus Lac.

Rynchobdella Bloch.
Macrognathus Lac.
Mastacembelus Gron.

Notocanthus Bloch.

Sperinla Cuw,

MWomeus Cuw.

Temnodon Cuw,

Caranx Cuv.

Citula.

Vomer Cuw.

Olistus Cuw.

VOL. L
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Scyris Cuv.
Blepharis Cuw.
Gallus Cuw.
Argyreosus Cuw.

. Zeus Linn.

Capros Cuw,

" Lampris Refzius,
Equula Cuwp.
Mene Lac.

Stromateus Linn.
Fempla Cuw.
Peprilus Cue.
Luvarus Raf.

Seserinus Crew.

Kurtus Floch.

Coryphana Linn.

ranxomorus Lac.
Centrolophus Lac.
Astrodermus Hon,
FPteracles Gron.

8 Family, Tazx10ipEs (Cuv.).
Mouth lengthened; tecth strong.
Lepidopus Gouan.t
Trichiurus Linn.

Gymnetrus Bloch.
Stylephorus Sharw.

*%* Mouth short.
Cepola Linn.
Lophotes Giorna.

9, Family. TuevTIDES (Cav.).

Siganus Forsk.
Acanthurus Leoc.
Prionurus Lac.
Naseus Comm,
Axinurus Cue.
Priodoen Cup,

10. Family. PHARYNGIENS LABY.
RYNTHIFORMES.

Anabas Cuw,
Polyvacanthus Kuhl.
Macropodus Lac.
Helostoma Kuhl
Osphromenus Comne.
Trichopodus Lac.
Spirobranchus Cuw.
Ophicephalus Bloch.

1l. Family. MugiLoiDES

Mugil Linn.
Tetragonurus Risso,
Atherina Linn.

12, Family. GoBICiDES.

Blennius Linn.
Myxodes Cuw.
holis Curp,
alarias Cuu.
Clinus Cue.

Cirrhribaba Cree
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Gunellus Caw,’ Leuciscus Kiein.
Opistognathus Cuw. Gonorynchus Gron.
Zoarcus Cuv., Cobites Linn.
Anarhichas Arfedi. Anableps Artedi.
Gobius Linn. Peecilia Sck.
Gobicides Lae. Lebias Crew.

Tanioides Laec.
Periophthalmus Sch.
Eleotris Gron.
Callionymus Linn. °
Trichonotus Sch.
Comephorus Lac.
Platypteruz Kuhl
Chirus Stelicr.

13. Family. PEDICULATE.

Lophius Linn.
Chironectes Cuw.
Malthe Cuv.

Batrachus Cuw.

14. Family. Laproipes (Cup.).

Labrus FLinn
Labrus,
Cheilinus Lac.
Lachnolaimus Cuw
Julis Crp,
Anampsis Cup.
Crenilabrus Cuu.
Coricus Cuv,
Epibulus Cue.
Clepticus Cuw.
Gomphosus Cu.

Xirichythys Cuw.

| Chromis Cue.

Cychla Block.
Plesiops Cuew,
Malacanthus Cue.

Secarus Linn.
Callicdon Crer.
Odax Cuo.

15, Family. FistuLArIDE (Sch.).

Fistularia Linn.
Aulostomus Lae,

Centriscus Linn.
Amphisile Klein,

4 1I. MALACOPTERYGIL

Order 1. Malacopierygii albdomi-
7 naies.

1. Family. CYPRINIDE,

Cyprinus Linn.
mcgpﬁnus Caup,

Barbus Cuy.
Gobio Cup.
Tinca Cuw.
Cirrhinus Crev,
Abramis Cuw,
Labeo Cauw.
Catastomus Le Suenr.

Fundulus Lae.
Molinesia Le Suewr.
Cyprinodon Lac.

2. Family. Esocgs (Cuwv.).

" Esox Linn.

Esox.
Galaxias Cuw.
Alepocephalus Risso.
Microstoma Cuea,
Stomias Cup,
Chauliodus Seh.
Salanx Cuw.
Belone Cur.
Sairis Raf.
Hemiramphus Cuw.
Exocetus Linn.
Mormyrus Linn.

3. Family. Smuurips (Cen.).

Silurus Linn,
Schilbe Crer.
Mystus Aprdeds.
Pimelodus Lae.
Bagrus Cuw.
Synodontis Cuw.
Ageniosus Lac. ,
Doras Lae. il
Heterobranchus Gegffs . i||
Clarias Gron.
Flotosus Lec. il
Callichthys Linn.
Malapterurus Lac.
Aspredo Linn,
Loricaria Linn.
Hypostomus Lec.
4, Family. SarmonIDEs (Cuv.).

Salmo Linn.
Osmerus Arfedi
Mallotus Cuw,
Thymallus Cuw.
Coregonus Cur.
Argentina Cuw.
Curimata Cuwe.
Anostomus Cuw,
Gasteropelecus Bloch.
Piabucus Crew.
Serrasalmo Lac.
Tetragonopterus Arfedi.
Chaleeus Cuw.
Myletes Cuv.
Hydrocyon Curs
Citharinus Cuy.
Saurus Cuwv.
Seopelus Cuw,
Aulopus Cuw.

Sternoptyx Herm.
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5. Family. CLUPEE.

Clupea Linn.

Clupea,

Alosa Cuw, -
Chatwessus Cuv.
Gnathobolus Sch.
Pristigaster Cuw.
Notopterus Lac.
Engraulis Cuw.

Thryssa.
Megalops Lac.
Elops Linn.
Butirinus Comm.
Chirocentrus Cuuv.
Hyodon Le Sueunr.
Erythrinus Gron.
Amia Linn.

Sudis Cuwv.
iOsteoglossum  Fana.
Lepisostens Lae.

Polypterus Geaff:

Order 2. Fentral fin beneath the
pectoral.

6. Family. GaDITES.

Gadus Linn.
Morrhua Cep.
Merlangus Cu.
Merlucins Cue.
Lota Cuw.
Matella Cui.
Brosmius Cauw,
Brotula Cuw.
Phycis drtedi.
Raniceps Cuv

Lepidoleprus Risso.

7. Family. PLEURONECTIDE,

Pleuronectes Linn,
Platessa Cu.
Hippoglossus Cuw.
Bhombus Cae.

Solea Cuwv.
Monochirus Crp,
Achirus Lae,
Plagusia Cuv.

8. Family. DiscoBoLI.

Iﬁpid{gﬂatﬂ Gouan.
iesox Lac,

83

Cyclopterus Linn,
Lumpus Cuw.
Liparis Arfedi.

Echeneis Linn.

Order 3. Fenfral _,rEnx unenfing,
* 4, Family. ANGUILLIFORMES.

Murzna Linn.
Anguilla Thunb.’
Murzena,
Ophisurus Lae.
Gymnothorax Flock.
Sphagebranchus Block.
Apterichtes Dum,
Monopterus Comm.
Synbranchus Block.
Alabes,
Ophiognathus Harwood.
Gymnotus Linmn.
Carapus Cuwv.
Sternarchus Sek,
Gymnarchus Cuw.

Le]lnvtﬂcuph alus Pennant.
Ophidium Linn.
Fierasfer Cuw,

Ammodytes Linn,

Order 4. Lophobranches.

10. Family. SYNGNATHIDE.

E:fngﬁathus Linn.
ippocampus Cuy.
Solenostomus,

Pegasus Linn.

Order 5. Plectognathes.

11. Family. GYMNODONTES.

Diaden Linn.
Tetraodon Linw.,
Cephalus Sch,
Triodon Cuv.

112, Family. SCHERODERMES.

Balistes Linn.
Monoecanthus Cuw,
Aluterus Cre.
Triacanthus Cuw,

Ostracion Linn,

Division I1.—CagrTtiLacinovs Fismes.

Order 1. Sturiones,

Acipenser Linn.

_ Spatularia Shaw.

. Chimsra Linn.
Callorhynchus,

-

G 2

Order 2. Chondropterygii,
1. Family, SerLacmin

Squalus Linn.
Seyllium Cue.
Carcharias Raf.
Lamna Cuv.
Galeus Cuw,
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Mustelus Cuv. Raia Linn. -~
Notidanus Cuw, Trygon Antig.
Selache Cuv. Anacanthus qE‘.&m.
Cestracion Cuw, Myliobatis Dum.
Spinax Cun. Rhinoptera Kufdf,
Centrina Cuv, Cephaloptera Dum.

Scymnus Cutn
Zygena Antig.

Squatina Duin ~ 2. Family. Sucrori.

Pristis Lath. Petromyzon Linn,

Raia Linn. Myxine Linn.
Rhinobatus Scha. Heptatremus Deom,
Ehina Schn. Gastrobranchus Bloch,
Torpedo Antig. Ammocetes Dum,

(79.) Having already offered a few general remarks on
the foundations of this system, we shall only advert,
in this place, to some objections regarding the nomen-
clature of certain groups. M. Cuvier, in making his
divisions of the Linnman genera, generally places the
original name for designating the group ; but in several
instances he gives to every one of his divisions a new
name ; so that, although it seems at first as if the Lin-
nean denomination was preserved, it is, in fact, com-
pletely done away with, and only remains an indication
of a genus not adopted. One instance of this will suf-
fice to explain our meaning. The well known genus
Gadus is divided, very properly, into several others,
but is not retained or restricted to any one ; so that, if we
adopt all M. Cuvier’'s new generic names, we must totally
reject, as such, the genus Gadus: no such group, conse-
quently, is to be found in the Régne Animal. As this,
we presume, never could have been intended by the
illustrious author, we have retained this and other
original names to that division of a Linn®an genus
which seems to us the most typical. M. Cuvier’s generic
names, in general, are well and harmoniously com-
pounded ; but many have no claim on the score of
priority ; and a few others, as Pomer, Saurus, Barbus,
&c., are founded on principles which he himself has
rejected in all other instances: these blemishes have
therefore been corrected, and that name adopted which
has the priority.*

* Another practice has recently been introduced by one or two foreign
naturalists of some eminence, who do not appear to be aware of the con-
sequences to which it leads ; we think it, however, almost as objectionable

.

i Sl i
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(80.) The prince of Musignano’s arrangement of this
class is the most recent.* As we think it contains some
decided improvements upon M. Cuvier's, we shall lay
the following abstract of it before the reader, particu-
larly as we know that it is the result of no incmls_lder-
able share of knowledge and of attention to these animals
in their living state. It is not so much in the prirpar}r
divisions (which, like those of M. Cuvier, are entirely
arbitrary), as in the series in which some of the genera
are placed, that we conceive these improvements will be
found. The number of species which the noble author
believes to be comprised in each genus is added.

I. Order.— ACANTHOPTERYGIL.

: Diacope Cuv. India 58

1. Family. PERcIDE. Mesoprion Cu, Tropics 48

oini Acerina Cuw. Europ. rivers 3

L S Polyprion Cuw. Warm seas 1

Perca Temperate rivers 11 Pentaceros Cuv. Africa 1
Labrax Temp. seas T Centropristis Cuv.  Warm seas 10
Lates Africa, India 3 Grystes + Am, rivers 2
Centropomus America 1 Aprion Cuv. 1
Lucioperca Cuv. Black Sea 4 Rypticus Cur. Am. 2
Huro Cuwv, Lake Huron 1 Apsilus Cue. Atlantic 1
Etelis Cran Europe 1 Cirrhites Comme, India &
Niphon Cup. Java 1 Chironemus Cun. Australia 1
Enoplosus Lac., Australia 1 Pomotis Cuw. Am, rivers B
Diploprion Kull Java 1 Centrarchus Cue. Ditto 7
Apogon Lac. Warm seas 2¢ Bryttus Cuv. Ditto 3
Cheilodipterus Lac. India 3 Priacanthus Cuw. Atlantic 15
Pomatomus Kisso Medit. 1 Dulichethys $ Bor. Warm seas 11
Ambassis Commne. 12 Therapon Cuv. Hed Sea 10
Priopis Kuhkl Java 1 Diatnia § Cuw. India 3
Agpro Cuw. Europ. rivers 2 Pelates Cuu. Ditto 3
Grammistes Cup. India 2 Helotes Cuv. Australia 3
Anthias Bor. Ind, Am., Eur. 7 Nandus Cur.  Ind. rivers 1
Serranus Cuw. All seas 22 Trichodon Cuw. Arctic 1
Merrus Cuw. Ditto 93 Sillago Cuw. India 7
Plectropoma Cup. Ind.,Am, 14 Rhynchithys Cuev. Dittoe 1

as the former, although on a different ground.  If a genus is to be divided,

the divider not only affixes his own name as founder of the new group,
but he does the same to the original one; so that, in fact, the merit of the
original founder of the genus is completely cancelled, and the generic name,
although retained, seems as if it originated solely in him who divides it.
If this is once allowed, there is no calculating the confusion, not to say the
injustice, that will follow : the fame or reputation of no one, who has de-
fined and named a group, is safe ; since it may be cancelled by the very
first who thinks it necessary to divide it. On this principle, the genus
Gadus, in our synopsis, would be ours, not Linnmus's ; and Tewthis would
be recorded in our systems, not as an effective genus made by Linneaus,
but by Bonaparte,

* Saggio di Una Distribuzione Metodica degli Animali Vertebrati; di
C. L. Bonaparte, Principe di Musignano. Rema, 1831.

T Micropterus Lac., $ Dules Cuv. § Coius Buchan.

¢ 3
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Holocentrum Blockh Warm seas
Myripristis Cuup. Ditto 11
Holocentrum €. Warm seas 19

Beryx Cuv. Augtralia 1
Trachicthys Shaw  Ditto 1
2. Trachinint,

Trachinus Linn. Medit. 4
Percis Bloch India 12
Aphritis Ce. Atlantic 1
Pinguipes Cuw. Brazil 1
Percophis Cue. { Ditto 1
Bovichthus Cup. Chili 1
Uranoscopus Linn. General 13

3. Polynemini.

Polynemus Gron.
Aplodactylus Cuw.

Warm seas 15
Chili 1

2., Family., SeuvypmNiDAa.

Sphyrena Lac. General 11
Paralepis Risso DMedit. 4
5. Family. Murripzs.

Mullus Linn.

Mullus Cuv. Europe 2

Upeneus Cup. Warm seas 40

4, Family., TriGLIDE.
1. Trigling.

Trigla Linn. General 15

Prionotes America @
Peristidion Lac, Medit, 1
Dactylopterus Warm spas 2
Cephalacanthus Ditto 1

2. Cottind,

Cottus Linn. Atlantic 19

Aspidophorus Cuv. Ditto 9
Platycephalus Block; India 21
Hoplichthys Cuw. Japan 1
Bembras Cuv. Ditto 1
Hemitripterus Cup.  Atlantic 1

¢ 3. Scorpenini.

Hemilepidotus Cue.  Atlantie 1
scorpena Linn. General 19

Sebastes Cuw. Europe 10
Pterois Cuv. India 7
Tanianotis Lac. 1
Elepsias Cuw. Pacific 2
Agriopus Cauy. Atlantic 3
Apistus Cren, India 15
Minous Crp. Ditto 2

Pelor Cuw. India 4
Synanceia Bloch Diitto &
4. Gasterosteind.
Monocentris Cuw. Japan 1
Hoplostethus Caw. Medit. 1
Gasterosteus Linn. Arctic 16
Oreosoma Cup, Atlantic 1

5. Family. SciLENINI.

Seciaena Linn. Warm lat. 35
Orolithus Cuwp, Ditto 13
Ancylodon Cuw. Ditto 2

Corvina Crp. Ditto 17
Johnius Block Ditte 16
Leiostomus Lae. Atlantic 2

Larimus Cue. Ditto 2

Nebris Cuv. Ditte 1

Lepipterus Cup. Ditto 1

Bondia Cuw. Iditta 1

Conodon Caer. Ditto 1

Eleginus Cuw. Ditto 1

Eques Block Ditto 5

Umbrina Cus. India, &c. 9
Lonchurus Bloch 2
Pogonathus Bon.#* 2

Micropogonias Bon. Atlantic 3

Hemulon Cauw.

Pristipoma Cuw. India 30
Diagramma Cup. Ditto 20
Lobotes Cuw. Ditto 4
Scalopsides. Cuwp. Ditto 19
Cheilodactylus Cuw. Ditto 5

=}
Latilus Cuuy, Ditto 2
Macquaria Cuw. Australia 1

2. Pomocentring. :
India 12

iprion
.El:’rcmnas Cur. Ditte 3
Pomacentrus Cue. Ditto 17
Daseyllus Crp. India

Glyphisodon Lac. Atlantiec 30
Etroplus Cuw. India 3
Hi:lia.*a.es Cuw, Am,, Ind. &

6. Family, SpARIDE.
1. Sparini.

Sargus Klein Warm seas 14

Charax Rizso Medit. 1

Sparus Linn., Bon. Ditto 22

Pagrus Cuv. - Warm seas 12

Pagellus Cyn. Ditto 10
8. Denticini.

Dentex Cuv. Warm seas 27

Pentapus Cuv, India 8

* Pogonias of Cuvier, &c. ; but this name cannot_be retained, having

long been used in ornithology. ;
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3. Lethrinini.
Lethrinus Cuwp. Warm seas 44

4, Cantharing.
Cantharus Cuw, Warm seas 12

3. Obladini.
Box Cup.” Warm seas 4
Oblada Cuw, Med., Aust. 2
Cantharus Cuv. Medit. 1
Crenidens Cuw. Red Sea 1
7. Family. MeENID®E.
1. Mening.

Mana Ceuw. Medit. 4
Smaris Cuw. Atlantic 10
- 2. Cesionini.

Cmsio Comm. India 9
Gerres Cuw, Pacif., Atlant. 18
Aphareus Cuv. India 2
8. Family. CHETODONTINL
Chatodon Linn. Torrid seas &1

Chelmon Cuw. India 2
Heniochus (uw, Ditto 5
Zanclus Cuw. Ditto 2
Ephippus Cuwv. Am., India 4
Drepanis Cup. India 2
Scatophagus Cu, Ditto 5
Taurichthys Cup. Ditto 5
Holocanthus Tae Ditto 23
Pomacanthus Cuw. Am. 6
Platax Cuw. India 14
Psettus Comne. India 3
2. Pimeleptini.
Pimelepterus Lac. Pacific 10
Dipterodon Cuw. Cape 1
Scorpis Cuw. Australia 1
Brama Bloch India 3
Pempheris Cuw. Pacific 8
Toxotes Cun. India 1
9. Family. Scomeripz,
1. Bcombrine.
Scomber Iinn. General 12
Thynnus Cuw. Ditto 11
Auxis Cup. Ditte 3
Pelamis Cwv. Warm seas 2
Cyl"mum Cuy. India 16
Thyrsites Cuw, Warm seas 3
Gempylus Cuw. Atlantic 4

9. Trichiurini.

Lepidopus Gouan Atlantic
Trichiurus Lina. India, &c.

3. Xiphiadini.

Xiphias Cuw. Medit.
Histiophorus Laec. Warm seas
Tetrapterus Laec. Ditto
Makaira Lae. Atlantic
4, Centronoting,
Naucrates Raf, Warm seas
Elacates Cuv. Ditto
Centronotus Lac.
Lichia Cuw. Medit.
Chorinemus Crer. Tacific
Trachinotus Cuw. India
Apolectus Cup. Ditto

Macrognathus Lac.
Rhynchobdella Cup. Asia
Mastacembelus Cuw. Ditto

Notocanthus Cuwv. Atlantic
5. Carancini.

Caranx FLac. Universal

Carangus Cuv, India, &e.

Citula Crep. Medit.

6. Fomering,
Seriola Cuwv. Universal
Nomeus Cur. America
Temnodon ., Pacific
Olistus Cuv. India
Seyris Cuv. Egypt
Blepharis Cuw. America
Alectris Haf* India, Am.
Argyneosus Lac. America
Vomer Cuwv. Ditto
7. Zeind,
Zeus Linn. Medit., Atlant.
Capros Lac. Medit.
Lampris Fetz + Ditto
Equula Cuv. India
Mene Leac, Ditto
8. Coryphenini,

Stomateus Linn, DMedit, Atl.

Peprilus Cuv. America
Luvarus Haf. Atlantic
Seserinus Cuwv. Medit.
Kurtus Block India
Coryphena Linn. Atlantic

Caranxomorus Leac. Atlan,
Centrolophus Lac.  Ditto
Pteraclis Gron. 1 America
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® Gallus Lacepede,

+ Chrysotosus Lacepede.

1 Pteridium of Scopoli, and Oligopodus of Lacepede.
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10. Family. CEeroLIDE.

Gymnetrus B/, India, Med.,, &c. 9
Sl:jfleahm'ua Shaw Trop. Am. 1
Cepola Linn. Medit., Pacif. 3
Lophotes Giorna Medit. 1
11. Family. TEUTHIDIDE.
Siganus Forsk India 20

Teuthis Linn. Warm seas 25
Acanthurus Lac.
Scopas Bome.*®
Ctenodon Bon.
Prionurus Lac,
Naseus Cowgme, Ditto 11
Axinurus Crup. India 1
Priodontichtys Pon.+ Ditto 1

12. Family. OPHIOCEPRALID/R.
1. dnabatini.

Anabas Cuv. Fresh waters, Asia
Helostoma Kuhi Ditto
Polycanthus Eukl  Ditto
Colisa Cuv, Ganges
Macropodus Lae.
Osphromenus Com. Ind. rivers
Spirobranchus Cuv. Af. rivers

Warm seas 2

= 00 D D O ek ek

2. Gobini,

Gobius Linm. General 50

Gobioides Lae. India &
Tenivides Lae. Ditto 1
Periopthalmus Sch. Ditto 5
Eleotris Gron.1 General 10

3. Callionymini.

Callionymus Cuv. Medit. 18
Trichonotus Sch. India 4
Comephorus Lac. Baikal 1
Platypterus Kuhi India 2
Chirus Steller Kamtch. 7

15. Family. LoprIDE,

Lophius Linn. Med., Atlant. 2
Antennarius § Tropics 16
Malthe Cuw. Ditto 8
Eatrachus Block Pacific 12

16. Family, LaBriDAE
1. Labrini.

Labrus FLinn. Genoeral 40
Crenilabrus Cuv. Warm seas 90
Cheilinus Lac. India 12

p A Lachnolaimus Cur. Am. 4
: . Dnipceplnind Julus Cuw. Warm scas 40
Ophiocephalus BI. Ind. rivers 20 Anampses Cuv. India 2
o Coricus Cuv. Medit. 3
13. Family, MUGILID®E. Epibolus Cuv. India 1
1. Meeillini Clepticus Cuw. W. Indies 1
SR e Elops Comm. || India 5
Mugil Linn. General 30 | Xirichthys Cur.  Warm seas 12
- 2. Tctraganun‘ni. : o Chromidini.
etragonurus Risso Medit. 1 %[alauanthé:y Cuw, InNd{a []3
@ TR hromis g ile 1i
Atherina Linn, Medit. 20 Plesiops Cuv. Ditto 4
Aphia Risso Ditto 1
2 3. Scarini,
1+. Family. Gosmnz. Searus Linn. Warm seas 29
1. Blennini. Calliodon Cuw. India 7
Blennius Linn. General 25 Odax Cuv. . Ditto 4
Pholis Aricds : =
Tripterygion Medit. 1 17. Family. FIsTULARINL
H xodes cﬂl’. India 5 1 Ffﬂmﬂﬁﬂf
Salarias Cuw. Ditto 9 : A ;
Clinus Cuv. Medit. 16 Fistularia Linn. Warm seas 5
Cirrhibarbus Cup. India 1 Aulostomus Lac India 1
Mur@noides Lac.” Atlantic 3 =
Opistognathus Cuv, India 1 2. Centriscini,
Zoarces Cuv. Medit. 5 Centriscus Linn. Medit.
Anarhichas Ariedi Atlantie 3 Amphisile Kiein. India 4
B

=X
"+ Priodon of Cuvier.
§ Chironectes Cuv.

Scopus is already used in ornithelogy.

t Prochilus Cawp.
|| Gomphosus Lac.

=&
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" 11I. Order.— MALACOPTERYGII.

18. Family. CYPRINIDE,
1. Cyprinini.
Cyprinus Linn. Fresh waters

Cyprinus Cuv.  General 15
Barbus Cuw. Ditto 24
Gobio Cuv. FEurope, Asia 6

Eur., As., Af. 4
Cirrhinus Cuv. India 4
Abramis Cuwv. Eur., Asia 10
Labeo Cuv. Af, Am., As. 7

Tinca Cev.

Catostomus Le Sueur Am, 20

Leuciscus Kiein General 131

Chela Hamilton India 3
Gonorhynehus Gron. _Africa 1
Cobites Linn. E. Asia 16

2. Anableptini.
Anableps Block Am, rivers 1
3. Pecilini.
Peecilia Sel. Am, rivers 6
Lebias Cuw. Med., Afr. 6
Fundulus Lac. America 5
Molinesia Le Sucur Ditto 5
Cyprinodon Lac. Eur.,, Am, 4
19. Family. Esocipz.
1. Esocini.

Esox Linn. Eur,, Am. 4
Galaxias Cuwv, America 2
Alepocephalus Risso Medit. 1
Microstoma Cuw. Ditto 1
Stomias Cuv. Ditto 2
Chauliodus Sch. Iitto 1
Salanx Cuv. Atlantic 1
Ramphistoma Raf. General 15
Scombrisox Lac. Medit. 3
Hemiramphus Cuv.  Tropics 14

2. Erocetini.
Exocetus Linn. Tropics, &c. 12

3. Mormyrini. °
Mormyrus Linmn. Af. rivers 16

20, Family. SILURIDE.
1. Sifeerini.

Silurus Lian. Trop. rivers

1 Silurus Arfedi Europe 9
Schilbe Cuw. Nile 5
Mystus Arfedi™ Am. riv. 7T

Pimelodus Lac.

Bagrus Nile, India 24

Sorubium Spir "America
Hypopthalmus Spir Ditto
Fimelodus Crwv. Ditto
Synodontis Nile
Argeniosus Lae. .Ganges
Heterobranchus :
Clarias Gron. India
Heterobranchus Gegff. Do.
FPlotosus Lac. Asia
Platystacus Bioch Tiitto
Platosus Lac. Ditto
Callichthys™ Linn. Ditto
Malapterurus Lac. Africa
9, Loracarini.
Aspredo Linn. America
Loricaria Linn. Dirtto
Loricaria Ditto
H}'msh:m}us Lac. Ditto

21, Family., SALMONIDE,
1. Salmonini.

Salmo Linn. General
Osmerus dredi Eur., Am,
Mallatus Cree. Atlantic
Thymallus Cuw. Eur., Am.
Coregonus Cuw., Tiitto
Argentina Léinn. Medit,
Curimatus Cuw, America
Anastomus Caa. Ditto
Gasteropelicus Bloch India
Characinus Arfedi America
Serrasalmo Lac. Ditto
Tetragonopterus Art, Ditto
Chalceus Cun, Ditto
Myletes Cuw. Am,, Nile
2. Aulopodini.

Hydroeyon Cuv, Trop. rivers
Citharinus Cre. Nile
Saurus Cup.f General
Scopilus Cue. = Medit.
TAulopus Cuwp. Ditto
Sterncptyx Ditto

99, Family, CLUPEIDE,

1. Clupeini.

Clupea Linn.

Clupea General

Alosa Cuw, Ditto

Chatoessus Cuv. Ind., Am.

Pomolobus Raf. Ohio
Dorosoma Raf. Ohio
Notemigonus Raf. Ditto
Odontognathus Lae. America
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Pristogaster Cuw. Atlantic 4

Notopterus Lac, Asia 1

Engraulis Cuw.

Engraulis ; General 12
Thryssa India 4
Alpismaris Medit. 2

Megalops Lac. Am., Asia 2

Elops Linn. Ind., Am." 4

Butirinus Comamn. Ditlo 5

Chirocentrus Cuw. India 1

Hyodon Le Swuewur Am. 2

9, dmini.

Erythricthys Bon.* Warmrivers 6

Amia Linn. America 1

Sudis Cuwp. Amer., Afr. 3

Ostecglossum Fand. Brazil 1

Lepisosteus Lac. America 7

Polypterus Geoff Nile 2
(Tribe 2. Subbrachianii.)

23. Family. ' Gapins,
1. Gadini.

Gadus Linn. ;
Morrhua Cuwr. Aflantie, &e. 1
Merlangus Cuw. Ditto 4
Merlucius Cur. Ditto 3

Laota Cue. Medit. 5

Motella Cuw. Atlantic 5

Brosmius Cuv, Ditto 2

Brotula Cue. W. Indies 1

Physis Artedi Medit., &c. 4

Raniceps Cuv. Atlantic 2

2, Macrourind,

Macrourus Block Medit. 3

24, Family. PLEURONECTIDE.

Pleuronectus, Linn.
Platessa Cuw. Atlantic 10
Hippoglossus Cuw.

India, Europe 10

Bothus Raf. General 20
Solea Cuw,
Solea Cuv. Ditto 20
Monochir Cuv, Ditto 7
Achirus Lac. India 4
Plagusia Ey. Ditto 6

L]

25. Family, CycLoPTERIDE. °

Lepadogaster Gouwan  General 11
Gobiesox Lac. Med., Atl. 4

Cyclopterus Linn. Atlantic 8
Liparis drtedi Ditto ¢
26. Family. EcHENEIDIDE.

Echeneis Linn, , 4

{Tribe 3, Apodes.)
27. Family, Opuipips.

Ophidium Linn.  Medit., &e. 5
Fierasfer Cen, Ditto 2
Ammodytes Linn. Ditto 3
Leptocephalus Gron. Ditto &

28. Family. MurENIDE.
1. Gymnotini.
Eremophilus Humb. Am, rivers
Gymnarchus Cuw. Nile
, Gymnotus Linn. America

Carapus Cuwp, Diitto -
Apternarchus Schn., Ditto

B0 £y 1 bt ek

2. Muranini.
Saccopharynx Miichell + Amer. 2

Mur®na Andig. General 20
Anguilla Antig. Ditte 6
Conger Cuw. Ditto 10
Ophisurus Lac. Ditto 18

3. Apterichthini.

Sphagebranchus Block India 6
Apterichthys Dauwe. Medit. 2
Synbranchus Block India 5
Alabes Cuw. India 1

20, Family. SYNGNATHIDE.
Smglgathus Linn. General 25

hle Haf.
Sgﬁmmtnmtﬁf Raf.
Nerophis Raf.
Hippocampus Cur. Warmseas 12
Solenostomus Lac. India 1
Pegasus Linn, India 5

IT1. Order.— PLECTOGNATHI.

30. Family. TETRAOCDONTIDE,

Diodon Linn, Warm seas 20
Tetraocdon Linn. Ditto 30
Cephalus Shaw Ditto 7
Triodon Cuw. i India 1

31. Family. BALISTIDE.

Balistes Linn,
Balistes Linn. Warm seas 32
Balistopus Tiles. Ditto 1
Monacanthus Crer.  Ditto 20
Aluterus Cup. India, &e. 10
Triacanthus Cuw. ndia 1
Ostracion Linn. Tropics 26

¥ Erythrinus Gron.

+ Ophiognathus Harwood.
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IV. Order.— CARTILAGINEL

32. Family.- ACIPENSERIDZE, Centrina Cuw. Medit., &c.

3
; : Seymnus Creer. General 7

%gipgg‘?f LL;”" f;gf{g if Zygana Antig., Cuv. India 4
¥ e Squatina Duin. Med., Am. &
33. ily. DE. x

.JS Family, CHimERr! .-li'-_ 36. Family. RAIDE,

Chimara Linn. Med., Arctic 1 Pristis Lath AL ks T
lort . iff stis Lath. ]

Callorhynchus Gron Pacific 1 Rhinobatus. Sob. _]l)lttﬂ 1

. Rhina Seh. Jitte 4

%, Family. SqQUALIDE. Torpedo Dum. Ditro 11
Seyllium Cuw. General 15 Leiohatus Blain,
Pristiurus Bom. Medit. 1 Dasybatus Blain.

Squalus Linn. Trygon Anlig. Ditto 20
Carcharias Raf.,Cuv. General 20 Anacanthus Ekrend. Redsea 3
Alopius Haf. ‘Medit. 1 Myliobates Dum. Warm seas 11
Rhineodon Smith Atlantic 1 Ehinoptera Kbkl Ditto 4
Somniosus Le Suewr Ditto 1 Cephaloptera Duwme. Ditto 3
Lamna Cup. 3

Mu&?‘ﬁl‘fﬁ%ﬁgﬁ. Cua. g 36. Family, PETROMYZONIDE.

Notidanus Cuw. 4 Gastrobranchus Block Atlantic 2
Hexanchus Raf.. Petromyzon Linmn. General 6
Heptranchus Raf. Myxine Linn, India 1

Selache Cuwp, Atlantic, &c. 2 Ammocetus Duwme, Europe 2

Cestracion Cuv, Australia 1 g

Spinax Cuw, Medit., &c. 5 Total number of the species 3586

(81.) We are not, in general, favourable to these ex-
positions of methods which we do not adopt ; and we have,
therefore, somewhat abridged the foregoing by omitting
the divisions of the sections, orders, &ec. ; but the fami-
lies, genera, &ec. are all included, so that the reader will
at once perceive in what way our own series differs from
both this and M. Cuvier’'s. We regret, however, that
our space will not allow us to insert a similar expo-
sition of the arrangement of professor Rafinesque, be-
cause, although artificial, there is much to admire in it,
and he was the first to commence that general breaking
up of the Linnzan genera into minor groups, which
Cuvier and his disciples subsequently followed. We
shall, however, in the course of this work, introduce
several of the genera and sub-genera proposed by this
able and zealous zoologist, and shall substitute his names
for those of other writers, whenever they have a prior
claim, and whenever his groups can be sufficiently made
out.

(82.) Of NATURAL systEMs of ichthyology, or those
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which are framed with a reference to certain general
laws of creation, real or supposed*, we are only ac-
quainted with those that have at different periods been
proposed by M. Oken, one of the most celebrated among
those metaphysical naturalists who have arisen, of late
years, in Germany. That we may not be thought to
undervalue the labours of those whose aim, like our
own, is to ¢ establish- resemblances and explain ana-
logies,” we shall here enumerate these systems, which
M. Oken, at different periods, has successively drawn up.

M. Oken’s first system is founded according to an
idea he entertained of the predominance which water has
on the different parts of the body; he accordingly con-
ceives that all fish should be arranged under the follow-
ing orders:; — ¢

I. Poissons Vewrriers. Bony fish, without seales.

1I. TrHorACIERS. with scales.
I1I. Memeriers. The genera Fistularia, Pe-
gasus, Diodon, &c.
IV. TeriERS, Petromyzon, Squalus, and Raia,
Linn,

In the second, published five years after+, this idea
is abandoned for another, by which M. Oken believes
he can arrange the whole class so as to represent what
he thinks to be the seven primary divisions of the animal
kingdom. A general idea of this system will be ob-
tained by the following enumeration of its chief divi-
sions. He first divides the whole into two great
groups — Osseous and Cartilaginous fishes: under the
first he brings in six of his orders, leaving only the
seventh in the last, These seven orders are thus desig-
nated : —

* See definitions of natural and artificial systems, Classif. of Animals.
+ Cuvier, Hist. Nat. des Poissons, tom. i. p. 238,
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Gadus, Blennius, Scomber, &e.

Cobites, Silurus, Salmo, Esox.
Callionyus, Gobius, Chatodon,

I. Poissoxs ZoorHYTES, as the eels, Anguilla, &e.
11. VERS,

III. InsecTEs, Labrus, Sciénes.

IV. ——— Poissons, Mugil, Cyprinus.

V. REerrILES,

VI, ——— Oi1seavux,

Pleuronectes.

VII. ——— MamMmavux,

Acipenser, Lophius, Diodon,

Raia, Squalus.

The families, or  sub-orders™ as they are called,
placed under each of these * orders,” will be best un-

derstood by the following table.

They amount to four

in each ; and these, again, have each four * genera.”
We do not, however, enumerate the whole of the latter,

Order I.—=Poissoxs Z00PHYTES.

Sub-orders: —
1. Murena.
42, Anguilla.

Sub-orders : —

1. Lotes, including
Blennius, Phycis,
Gadius, &c,

3. Cultriformes, includ- | 4, Cepola.

ing Trichiurus, and
Leptocephalus.

Order I11.—Poissons VERs,

2. * Kleques,”
3. Scomber.

4. Gasterosteus,

Cen-
tronotus, &ec.

Order 111.—Porssons INSECTES.

Swub orders : =

1. Perches.

2, Gymnocephalus, An-
thias, &c.

3. Labroides, including
Labrus, Sparus,
Ophiocephalus, &e.

4. Dorades, as Mullus,
Scarus, &c.

Order IV.—Poissons PossoNs,

Sub-orders : —
1. Mugiloides, as Mu.
gil, Exocetus, &c.

2. Dactyles.
3. Clupea (Linn.).

4. Cy]prinus, including
also Atherina, Ar-
gentina, &c,

Order V.—Porssons REPTILES.

Sub-orders : —
1. Cabites, Anableps,
&,

2, Silurus (Linn.).
3. Salmo, including
Serrasalmo.

4. Esox, Elops, &c.

Order VI.—Porssons QIsgavx,

Sub-orders : —

1. Callionymus,Urano-
sSCOpuUs, &c.

2, Gobius, Cottus,

Scorpina, Trigla,

. Pleuronectes, Zeus,
Chatodon, Stoma-
leus,

4. Centriscus, Fistu-"
laria, Stylephorus,
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Order VII—Porssons MaMyavx.

Sub.grders : — 2. * Morques,” includ- | 3. * Chirques,” as the
1. Myxine, Petromy- ing Cyelopterus, Ba- genera  Acipenser,
zon, Syngnathus, listes, and the rest Ziphias, &c.

and Pegasus. of the branchioste. | 4. Squalus, ;Raia, Chi-
gous fishes, mera, and Lophius,

But, as our author soon after discovered that there
were not seven primary divisions in the animal king-
dom, he abandoned his second system, and formed an-
other, in which the number four should predominate.
JIn his third arrangement, therefore, M. Oken makes
four orders ; four sub-orders, supposed to represent the
orders ; and each of these sub-orders is again composed
of four genera. The result of all this will be sufficiently

seen in the following table : —

Order 1. —Porssons Porssons,
This order includes, among others, the genera—

Murena. Trichiurus, Gymnotus,
Gymnotus. Leptocephalus. Anarrhicas.
Ophidium. Cepola. Xiphias.
Ammodytes,

Order 11.—Porssons REPTILES.
Composed chiefly of the genera —

Gadus. Cottus, Stomateus,
Echineis, Gobius, Cobites.
Gasterosteus. Cyclopterus, Silurus.
Scomber. : Pleuronectes, Salmo,
Callionymus. Zeus, Esox.
Uranoscopus. Chatodon.

Order T111.—Poissoxs OIsEAUX,

ScorpEna. Perca. Mugil.
Trigla. Mullus. Clapea.
Polynemus., ~ Labrus, Atherina.
Exocetus. | Sparus, Argentina.
Scisna. Coryphana.

Order IV.—Porssoxs MaMMAUX.
Centriscus. Tetraodon. I Lophius.
Fistularia. Pegassus. Myxene.
Stylephorus. Acipenser. Petromyzon.
Svgnathus. Spatularia, Raia,
Mormyrus. Chimera. Squalus.
Balistes,

Finally, our author, abandoning four as the regulat-
ing number of his groups, adopts that of five, probably

4y
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from his illustrious countryman Fries. He seems to
imagine, however, that because the number five holds
good in the primary divisions of structure in the animal
and vegetable kingdoms, it should equally do so in
every thing; and he accordingly constructs a fourth
system, founded on the organs of sense in these obscurely
known creatures. This fourth system, M. Cuvier says,
was published in Paris in 1822 ; but as we have it not
at present to refer to, we shall transcribe the following
table, from that given in the Hist. Nat. des Poissons,
tom. i, p. 234.

Order 1.—PoissonNs GERMIERS.

Apterichic.® Lophius, Pleuronectes.
Sphagebranchus. Gymnetus. Echineis,
Synbranchus. Régalee. Platycephalus.
Murzna. Cepola. Macroure,
Anguilla. Trachypterus. Phyecis.
Gymnotus. Gymnogaster, Gadus.
Ophidium, Stylephorus. Centronatus.
Leptocephalus. Lépidope. Blennius.
Ammodyteés, . Trichiurus, Anarhichas.
Order 1I.—FoissoNs SEXIERS.
Gobius, Chatodon, Ofalithe,
Periopthalme. Stromiteus. Scizna.
Eléotris, v Eques. Perca.
Coméphore, Fomer. Cichla.
Trichionate. Zeus, Serren.
Callionymus. Coryphana, Dientex.
Trichiurus, Ehinchobdella. Labrus.
Trigla. (GGasterosteus. Searus.
Lépisacanthe. Scomber. Sparus.
Order 11T.—Poissons ENTRAILLIERS.
Cobites. Atherina. Salmo.
Anableps, Sphyrane. Mullus.
Peecilie, Polyptere. Mugil.
Pimelodus. Erythrinus. Clupea.
Maloptérure. Lepisostee. Elops.
Silurus, Esox. Exocetus,
Doras. Sternoptyx. Gonorynchus,
Heterobranchus. Gasteropelicus. Cyprinus.
Cataphractus.

¥ The generic names printed in Italics are vernacular, and not used in
this volume, What these French names mean, M. Cuvier has not ex-

plained.
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Order 1V.—Poissons CARNIERS, T
Lepadogaster. Syngnathus. Ostracion.
Cycloptera. Solinostome, Tetrandon.
Uranoscopus. Pegasus. Diodon.
Cottus, Fistularia. Orthagoriscus.
Batrachus. Aulostoma, Platystacus,
Tenianotus, Centriscus. ricaria.
Synancie. Amphistle. Lepidoleprus.
Scorpinus, Mormyrus. Polyodon.
Malthée. Balistes, Acipenser.
Antennaire, Triacanthus. Xiphias.
Lophius,

Order V.—Porssons SENSIERS.

Murmzna, Petromyzon. Squalus,
Chimara, Raia.

(83.) The first circumstance that strikes the na-
turalist on inspecting these systems, is the different
plans upon which they are constructed, and the separa-
tion they effect, more or less, between groups which all
other naturalists agree in thinking are closely and inti-
mately united. Thus the genus Doras of Lacepede is
so closely connected to that of Loricaria, that it is almost
impossible to determine where one ends and the other
begins; and yet in the last table of these systems we find
they are placed in two different orders. On the other
hand, the genera Acipenser and Xiphias are arranged
close to each other, without possessing, so far as we can
discover, any one indication of affinity. The merits of
every natural system can alone be judged of when the
principles it sets out upon are worked out in detail :
this done, the materials are before us for forming a cor-
rect judgment, whether the series appears to be that of
nature or of man. We quite agree with M. Oken, in
thinking that the primary orders of fish represent those
of vertebrated animals; and every allowance should be
made for the imperfect labours of all who endeavour to
establish this most important law. But we must con-
fess our inability to make out what are M. Oken’s views
on this subject ; and not being able to comprehend, we
have not adopted them.

(84.) And now, having thus far proceeded in what
relates to ichthyology in general, we must attempt to
establish, in some degree, those primary laws of the

e T
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natural system we have ventured to announce. If we were
to be guided by the high authority of deservedly great
names, rather than by our own impressions of what are
the true affinities of nature, we should be equally authe-
rised and encouraged in making this attempt. The
is an authority now reigning over this department of
zoology, as omnipotent, perhaps, as that which Linnazus
once exercised over all branches of natural history; —

a zoologist whose superior genius every one must
aanowledgE, and whose materials for study and re-
flection, during a long and brilliant career, were almost
boundless. We have laboured for the last fifteen years
to dispel the illusive idea, that natural affinities could
be expressed by a simple series; and that all such ex-
hibitions of nature, however useful, were merely arti-
- ficial combinations. Now if those few who still doubt
on this subject, required such an authority as we have
‘intimated to decide their wavering opinion, such a one
exists, and will be found in the learned author of the
system we have just surveyed, — the illustrious Cuvier,
This extraordinary man, as if to bequeath to us the
result of all his varied and profound experience, thus
concludes his preliminary observations upon fishes
in general, and they deserve from all the most profound
attention. In speaking of the cartilaginous order, he
thus expresses himself * : — ¢ It is chiefly in these that
the futility of classing beings in a single series is visible;
several of its genera, the rays and the sharks among
others, are considerably above common fish, by the com-
plicated nature of theirorgans of sense and of generation ;
these latter being more developed, in some respects,
than those even of birds : yet other genera, which are
approximated by evident transitions, such as the lam-
preys and dmmocetes, become so simplified, that they
have been regarded as fﬂtmmg a passage to articulated
worms ; for the latter certainly do mnot possess a
skek,tﬂn and their muscular apparatus is attached to
membranous and tendinous supports.” —  Let it,

* Rég Anim. Griff. Cuv, p. 22,
YOL. I. H
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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 renmounced,
as one of the most false that can be entertained in
natural history.” — * True system,” he again observes,
“ sees each being in the middle of all the others, and |
shows all the radiations that link it, more or less inti- !
mately, in the vast web of organic nature; and thus
alone we acquire enlarged ideas, worthy of that nature
and of nature’s God ; but ten or twenty of these radi-
ations will be often insufficient to express these mul-
tifarious relations.” Nothing can be more in unison
with all that has been urged on the ¢ multifarious re-
lations ” of natural objects than this ; and no authority '
can bring more weight to the opinion than this of §|
Cuvier’s, True it is, that this conclusion was arrived at r
by the celebrated Lamarck more than twenty years ago,
and that it has long been acted upon by a few of the
greatest naturalists now living. Nevertheless, the tardy
admission of M. Cuvier to the impossibility of naturally
arranging objects in a single series, is even more valu-
able than if it had come sooner: the very delay shows
us that, in truly great minds, truth will finally triumph
over early imbibed prejudice, and, although not acted
upon, it will yet be acknowledged., If, therefore, we |
make some attempt, in the following pages, to explain 1
and reconcile these “multifarious relations,” and abandon

altogether the trammels of an artificial system, the very

essence of which is to place fishes in a single series, |
we do nothing more than follow up the theoretical idea

of Cuvier ; — a course, however, which imposes the

absolute necessity of abandoning all those parts of his

.arrangement which interfere with the exposition of those

‘¢ multifarious relations” he speaks of, yet makes no ef-

fort to explain on any general principles. To attempt

to do this, however, in ¢l the groups, would be mani-
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festly impossible ; and yet, on the other hand, if only
one, however small, can be sufficiently analysed to
establish what has been advanced on natural arrange.
ment, philosophy teaches us to conclude that similar
results would attend the analysis of all others. No
other conclusion, in short, can be arrived at, whether
by inductive philosophy or common sense.

CHAP. V.

ON THE NATURAL ARRANGEMENT OF FISHES, THE PRIMARY TYIES

OF FORM, AND THE ANALOGIES THEY FPRESENT TO OTHER
CLASSES OF ANIMALS.

(85.) Ir is manifest to every naturalist, that the
most perfectly organised groups, in the great class before
us, are composed, as M. Cuvier has truly said, of the
osseous fishes, or those whose skeletons are of solid bone.
This being their most characteristic mark, it follows,
that although osseous fishes (less perfectly organised in
every other respect) may be found in other orders
which approach these, yet, that none with a carti-
' laginous skeleton can naturally belong to this most
typical division. Now this great assemblage, like those
of all others equally typical in the animal kingdom,
resolves itself into two groups — the one composed of
such as have the rays of the dorsal fins more or less
spinous, the other of such as have them soft or articu-
lated. These groups were long ago perceived and
defined by the old ichthyologists ; and if any authority
were necessary to sanction our belief that they are truly
natural, we cannot cite a higher than Cuvier. The
osseous skeleton, however, although the paramount, is
not the only character possessed in common by these two
groups, ‘The ventral fins, which are analogous to the
H 2
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feet of birds and quadrupeds, are almost always present ;
and the gill-covers are mnot only moveable, but the
branchial aperture is fully developed — in other words,
it does not assume the form of a simple slit or spiracle,
as in the eels and rays. Here, then, we find the three
chief characters of osseous fishes; the first absolute,
the two next less so: and it may safely be asserted,
that every fish which possesses two out of these dis-
tinctions, finds its natural place in the spiny or the
soft-rayed divisions. These we regard, like our prede-
eessors, as the two most typical orders of the whole
class. We shall now enumerate their characters some-
what more in detail.

(86.) The Acanrnoprervees have the anterior rays
of the dorsal fin simple, righd, and acute ; the remainder
being branched and articulated ; or, if there are two dorsals,
the first is entirely composed of spinous rays. We are
now, as in the following definitions, speaking of the
pre-eminently typical examples ; the exceptions will be
noticed afterwards. The anal fin is also usually furnished
with both sorts of rays, and the membrane is never
fleshy. The branchial aperture is large ; the bones of
the operculum fully developed, and frequently spinous
or serrated ; the eyes large and lateral ; the body ovate
or oblong ; the ventral fins placed near the pectoral ;
the scales hard and shining, ornamented with beautiful
colours, or richly silvered., They are almost all marine
fish, and are more constructed for long eontinued motion.
The aberrant families of this immense order, which in-
cludes more than one half of all the fish yet discovered,,
presents us with several deviations. Some of the blen-
nies are viviparous ; and the simple rays of their dorsal
fins are sometimes soft ; so also are those of the Ophi-
cephali. In the Gymetres, the ventral fins are occa-
sionally wanting ; but the branchial aperture is large:
the fins are fleshy in the blennies, and scaly in the
chetodons.

(87.) The MaracorTERYGES, or soft-rayed order, is
less numerous than the last, and are so much diversified,
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that it is somewhat difficult to find any more certain
indication than that presented by their fins : the ventral
fin, however, is always present ; and the branchial aper-
ture, with one or two exceptions, is unconfined. We
thus get three characters; one of which separates this
order from the last, another detaches it from the next,
and the osseous skeleton from all other divisions.
Their organisation, as fishes, appears less perfect than
the more typical group ; for it is among these we find
all the ground fish, — those which are restricted to fresh
waters, and such as lie in wait for their prey. In this
order, also, we have a small group of viviparous fish,
analogous to the blennies in the last. The salmons,
pike, herrings, cods, carps, and flat fish, have been
justly included in this order, which, in regard to the
subsistence it furnishes to man, becomes the most im-
portant of all others.

(88.) In the next order, the typical structure begins
to disappear, and is finally lost. The skeleton, in some,
is still osseous ; but in many others is sub-cartilaginous ;
and even finally becomes membranaceous: the fins, which
represent the feet, entirely disappear: the branchial
aperture assumes the form of a slit, and is termed a spi-
racle : the shape is long, and like that of a serpent : the
dorsal, anal, and caudal fins, when all are present, are
generally united : the body is slimy and naked ; or the
scales are very minute, and imbedded in the cuticle.
The reader cannot fail to recognise, in this deseription,
the essential characters of the eels, lampreys, and other
similarly formed families, which have as much the
outward aspect of serpents as of fish. To this order
we retain the original name of Aropes bestowed upon
it by Linneus,

(89.) Having entirely quitted the osseous structure
of bone in the last tribe, we next come to such families
as have their skeleton fibro-cartilaginous: these, alse,
breathe by a spiracle ; the operculum being either obso-
lete, or entirely concealed beneath the common skin.
They differ, however, materially from the last, by pos-

H 3
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sessing ventral fins, and by the following additional
peculiarities : —the body is thick, very short, heavy, and
often, as it were, deformed ; the ventral fins are placed
upon a peduncle, so that they may be used, in some de-
gree, as feet, enabling the animal to crawl on the
ground ; the eyes are small, and placed nearly vertically ;
the mouth opens in the same direction, and has the
under jaw longest: in the most typical family, the
body is soft ; but in the sub-typical, it is either covered
with osseous plates soldered together, or with acute
prickles: the ribs are almost always wanting; and
they are the only fishes which have the anatomical cha-
racter of the maxillary bone and the palatine, arch in-
serted in the cranium. Adopting Cuvier’s name for
these fish, rather than that of Linnmus, which was
founded in error, we term this order the Puecto-
eNATHES, or cheloniform fishes.

(90.) The fifth and last primary group consists
of those truly cartilaginous families which have the fins
and mouth of ordinary fishes, but who breathe by one
or more spiracles: the mouth is placed beneath the
snout, which is very broad and projecting ; the major
part are viviparous ; and the body is smooth, or, at
least, destitute of true scales. The sharks and rays are
the best known, and are the most typical of these fish,
which, as indicating their typical character, we propose
to call the CarTILAGINES, ;

(01.) That there is every reason to believe these
primary divisions of the class are founded in nature,
will be apparent from their accordance to the divisions
of the same rank that have been generally adopted by
the most eminent zoologists. Without attempting, in
our present rapid course, to show in what manner they
blend into each other and form one great circle, we
shall at once proceed to compare them in the order in
which they have been noticed, with other groups better
authenticated, or rather, we should say, more familiarly
known to naturalists. If we are successful in this
effort to establish a uniformity of analogical relations
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between each and all of such as we may select for this
purpose, the circular affinities of the whole will be
sufficiently established by anology ; whether we are ac-
quainted, or not, with the precise links that connect the
several portions. Our main object, however, is to
adduce further proofs of the proposition contained in
our early volume of this series, namely, that all animals
could be referred to certain primary types of form. Itwill
therefore be advisable, in this place, briefly to recapitu-
late what was then said, that the naturalist may judge
how far the characters there given accord with those by
which we have defined the primary types of fishes.
(92.) In the first place, we have said that the most
perfectly typical individuals of every natural group
are those which exhibit the highest development of
those characters by which the group, as a whole, is
distinguished ; or, in other words, ‘¢ they are endowed
with the greatest number of perfections, and capable of
performing to the greatest extent the functions which
peculiarly characterise their respective circles.”” This
pre-eminent perfection shows itself, also, in nearly all
such types as are of this primary rank. ¢ This is
apparent in the order Quadrumana among beasts, and
in that of Insessores among birds ;” both of which are
the most perfect, and by far the largest, groups in their
respective circles. Among the Annulosa, again, the
Ptilota, or winged insects, are probably ten times more
numerous than all other annulose groups put together.
In tracing this peculiarity in the typical groups of
lower divisions, we find it also very prevalent ; and even
in looking to sub-families, or even genera, we find that
the genus Piecus, Sylvicola, Sylvia, among birds, and
that of the restricted sub-genus Secarabeus (MacL.)
among insects, are all remarkably abundant in indi-
viduals, when compared with the remaining contents of
their respective circles,” Every ichthyologist will per-
ceive that the foregoing observations are as applicable
to the order of AcanTmorrErvees among fish, as if
they had been expressly written to distinguish them
H 4
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from all the others. We can therefore have no he-
sitation in admitting the conclusion which Cuvier ar-
rived at by analysis, — that this immense group contains
the most perfect fishes in existence.

(93.) * Sub-typical groups, as the name implies, are
a degree lower in organisation than the last, and thus
exhibit an intermediate character between typical and
aberrant divisions.” This, also, is precisely the nature
of the Malacopteryges, or soft-rayed fishes: they only
yield to the last in the perfection of their structure.
““ The numerical contents of sub-typical groups are
almost universally less than in those which are typical.”
The truth of this remark is exemplified in the present
instance : the number of the soft-finned osseous fishes
is probably more than tworthirds less than that of the
typical group, to which they are evidently inferior in
their general structure and in their power of swimming.

(94.) ““ The NararoriaLor Aquartic type of nature,
as seen in quadrupeds, birds, and reptiles, are more espe-
cially inhabitants of the waters. They possess many and
striking peculiarities, modified, indeed, in the most asto-
nishing manner, but more conspicuous, perhaps, through-
out all natural groups, than any of those belonging to
other types.” They are chiefly remarkable for their enor-
mous bulk, the disproportionate size of their head, and
the absence or very slight development of their feet.
These aquatic characters are exemplified in the Radiata
in the animal circle ; in the class of fishes among Fer-
tebrata ; in the Cete, or whales, among the Mammalia ;
and in the Natatores among birds. “° As we approach
the more perfectly organised animals, we see the deve-
lopment of another singular feature—namely, a very
large, thick, and obtuse head, furnished with jaws ge-
nerally capable of great expansion, and terminated by
a blunt or truncated muzzle. As fishes constitute the
pre-eminent natatorial type of vertebrated animals, so we
find that such groups as represent them in other circles
of the Fertebrata have the feet transformed, as it were,
into fins. How beautifully is this exemplified in
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whales (forming the natatorial order of the DMam-
malia) ; the swimming order of birds ; and the Sauri, or
aquatic reptiles! As to the economy of aquatic types,
we have already premised that they are almost entirely
carnivorous, In those that belong to quadrupeds and
birds, the food is seized by the mouth alone ; the feet
being slightly, and often not at all, developed: and all
such as do not wander in search of their prey, dart
upon it from a fixed station.” This is the substance
of what was formerly advanced regarding the aquatic
types of all animals, and we are now to determine
whether the cartilaginous order of fishes does not accord
with this theoretical description. Independent of the
nature of their bones, they can be immediately recog-
nised from all other fish by the muzzle being so
enlarged and produced beyond the jaws as to alter the
position of the mouth, which is actually placed beneath
the head — not, as in all other fishes, at its termination.
The sharks, no less than the rays, are the most gigantic
monsters among fish ; and that they are eminently car-
nivorous is unfortunately too true, since the first are
declared enemies to the human race. The great size
of the head observed in the aquatic Mammalia is not
equally conspicuous in the same type among fish,
although none have their head larger in proportion to
their body than these; and such is the peculiar shape
of the ray, that they seem, like 'their prototypes the
Crustacea, to have the head confounded with the
thorax and body, so as to give the impression that all
three parts were united in order to form an enormous
head. The fishes of this family, whick we place at the
head of the Cartilagines, seem also to possess the habit
of natatorial birds, in lying in wait for their prey,
and darting upon it from a fixed station ; while their
viviparous nature is at once explained, 'u.hen we re-
collect that these creatures effect the passage between
fishes and aquatic Mammalia. There can be no doubt,
in short, that in the CArTiLAGINES we have an exem-
plification of the natatorial type.
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(95.) The type which succeeds the last is the most
aberrant division of every circular group. On a former
occasion we have stated that one of its most prevalent
characters is that of having the mouth very small, or
otherwise but slightly developed ; and because all suck-
ing animals seem to belong to this type, we formerly
called it the suctorial: but such a funetion, in the present
class, has not been clearly made out; and, as we have
already shown it is represented among reptiles by the
tortoises, we shall designate it by the same name there
employed, and here, also, call it the cheloniform type.
This, as was formerly mentioned, is the same as the
grallatorial type among birds, the gliriform among
quadrupeds, the onisciform or wvermiform among in-
sects. The most prevalent distinctions of this type,
besides the smallness of the mouth, and the absence of
true teeth, may be thus concisely stated and illustrated.
1. The general structure is always more dissimilar than
any other from the pre-eminent type ; they are, con-
sequently, the most imperfectly developed of their own
circle. 2. The jaws, or muzzle, or marndibles, are often
turned upwards, the lower being longer than the upper:
this we see in the Brazilian racoons (Nasua); while
the avosets, and other grallatorial types, present the
same unusual character ; and these are the smallest
mouthed birds in creation. 3. The eyes are always
particularly small, as in the mole, and other gliriform
quadrupeds; and in the Trochilide, Tringide, and other
grallatorial birds: sometimes, indeed,.in the aberrant
Vertebrata, they are even wanting, as in Myxine, among
fish, and nearly so in Ceecilia in the class of reptiles: the
situation of the eyes, in all these groups, is likewise very
peculiar ; they are placed at a distance from the mouth,
and very far back upon the head, towards the crown,
and thus approximate. This is very observable among
the tenuirostral and grallatorial types of birds ; and
we find the same in the genera Chironectes, Uranoscopus,
and similarly formed fish, of which numerous examples
may be cited. But perhaps there is no character of this
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type more widely diffused among nearly all the classes
of the animal kingdom, than that of the body being
mailed, or protected, as in the chelonian reptiles, by
bony plates, either united or articulated at their su-
tures, or lying over each other in the manner of scales.
We have already cited numerous instances of this struc-
ture in the animal kingdom ; nor is it more conspicuous
in the chelonian reptiles than in the cheloniform fishes :
the family of the Balistide, in short, is as complete
a prototype of the tortoises, the hedgehogs, the scaly
anteaters, the porcupines, and other spined gliri-
form quadrupeds, as it is possible to conceive. Our
surprise is that such resemblances should exist where
the nature of the animals are so different. Again, the
smallest and most imperfectly formed mouths, destitute
of true teeth, are to be found among the PrLecroena-
THES, or cheloniform fishes, which thus became the most
aberrant type in the great circle of Piscks.

(96.) There is still a fifth primary form in the animal
kingdom, which has been designated the Rasorial type in
ornithology, and the Unguiculate among quadrupeds.
The characters by which this form may be recognised,
among the animals just named, have been already so
fully explained, that they need only te be touched upon
in this place. In the more organised or warm-blooded
Vertebrata, great strength of foot, the faculty of climb-
ing, with a facility and aptitude for domestication, are
among the most prominent peculiarities observable in
this type ; but none of these can be expected in fish.
This is the type, however, which is so remarkable for
the great development of the tail ; for, if we went through
the whole class of birds, and selected those, beginning
with the peacock, wherein the tail was most conspicu-
ous, either for its size, its length, its singularity, or for
the beauty of its colours, we should unknowingly fix
upon those birds which analysis has demonstrated to be
rasorial types. The same results would attend a similar
selection of quadrupeds, and of winged insects. All
these, collectively, furnish many hundred proofs by
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which the uniformity of this structure is preserved.
We can now add to these proofs others, equally strong,
presented by the reptiles and the fish. A great and
peculiar development of the tail pervades the whole of
the order Apopes, and of all other groups by which it
is represented ; so that, by designating this type, when
speaking of fishes, as the anguilliform, instead of the
rasorial, the reader will immediately be reminded of
the eel-shaped form, which is its chief characteristic.
By the tail, we do not, of course, mean the caudal fin ;
for that, in the fishes we are now speaking of, is
usually very small ; and, among several, it is sometimes
wanting, The true tail of a fish, strictly speaking,
commences with the termination of the. stomach ;
the length of the latter beirg manifested, externally, by
the situation of the vent. The abdomen of the eels
is so unusually short, as not to equal one fourth
the length of the tail ; and this structure is just as
prevalent in groups which represent the apodal order
as in the order itself. Thus, although there seems but
one character of the rasorial type of hirds to be traced
also in that of fishes, yet it is the principal one, and it
is so universally prevalent, as to render the presence of
others unnecessary to detect the analogy. The only
instance yet ascertained of the scansorial power being
possessed by fish, is that of the Perea scandens, which
is said to climb banks and aquatic plants by using its
pectoral spines as feet.

(97.) We shall now state a few of the modifica-
tions under which the anguilliform type appears in
such groups as represent, without belonging to, the
apodal order; all being distinguished, as just observed,
by having the abdomen much shorter than the tail. In
the eels, the body is cylindrical ; but in many other
analogous families it is compressed, and that to such an
extent, as to have given rise to Cuvier’s expressive name
of riband-fish. The genera Cepola, Leptocephalus, Ophi-
dium, &e. are good illustrations of this structure ; not to
mention such extraordinary forms as the Gymnocephali

-.'-_--".II 'l_-
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of Bloch. The three fins of the tail, that is, the
hinder dorsal, the caudal, and the anal, if not united, as
in Cepola, Ophidium, Plotosus, Anarhichas, &ec. are
only separated by a small interval, as in Physis, Mer-
langus, Blennius, &ec. ; or the ventrsl fin only is exces-
sively long, as in all the genera and sub-genera of the
anguilliform division of the Siluride. In other genera,
the dorsal and caudal fins are obsolete; but the anal ex-
tends the entire length of the tail, which terminates in a
point. So far as our analysis has extended, it seemns
that all these are but modifications. of the anguilliform
structure. The ventral fins, which are universally
absent among the true Apodes, are sometimes wanting,
also, in their representatives, as in Ophidium, Anarhi-
chas, Ammodytes, &c.: usually, however, their slight de-
' '—elﬂpment marks the type we are now speaking of ; thus,
in the two families of the Blennide and the Gadea’.f,
the typical genera have their fins composed only of two
rays, or, when the others are present, the:,r merely exist
in a rudimentary state. The scales, again, frequently
present a peculiar character: when present, they are
very small, often scarcely perceptible, and appear to be
inserted, as in the eels, beneath the cuticle: this is
seen in most of the Gadide ; while in other anguilli-
form types, like the Blennide, the body is slimy and
naked, either covered with an opaque skin, or semi-
transparent. The snout is always short and obtuse,
the mouth not extensible, and the teeth either very
small or none. Nearly the only mailed genus that
possesses the anguilliform shape is Polypterus; and
this, as we suspect, may probably belong to the order
Plectognathes.

(98.) Having now stated some of the most preva-
lent analogies between the primary types and divisions
of fishes, and those of the warm-blooded Vertebrata,
we may exhibit the results in a more compact form by
placing these groups in three columns ; and it will then
be more distinctly seen in what way each is related
to the other by analogy.
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* Orders of Fishes. Analogies. Orders of Birds. ﬂrﬁmef‘;fmd-
AcanThHoPTERYGES.  Typical INSESSORES. QUADRUMANA,]
MALACOPTERYGES, Sub-typical RAPTORES. FERE.

: Snout broad, de-
CARTILAGINES, f pressed. ’ } NATATORES. CETE.

Eves small, placed

PLECTOGNATHES. { far back tuwardu} GraLLATORES. GLIRES.
the crown.

APoDES. Tail very long. HASORES. UscuLara.

We were at first perplexed to discover how it was that
the Mualacopteryges, by being the sub-typical order, should
represent the Raptores and the Fere; because these fishes,
so far from being pre-eminently carnivorous, comprehend
the greater part of such as habitually feed upon vegeta-
bles; nor can this apparent contradiction be explained so
readily as we could wish, unjess by looking to the nature
of the whole group. Now, the class of Pisces is that
aberrant division of the Vertebrata which represents the
aquatic or fissirostral type of vertebrated animals: this
type, therefore, being eminently carnivorous, the ani-
mals which represent it, in its greatest perfection, must
equally be so: and thus we have an additional verifi-
cation of M. Cuvier’s opinion, that the dcanthopteryges
are the most perfect of fishes; while the Malacop-
teryges, which are next in affinity, become the next in
analogy, and are, therefore, the sub-typical. This view
of the question is confirmed on looking to the analogies
of other aberrant circles. If we take, for instance, the
scansorial birds, which form an aberrant tribe in the
circle of the Insessores, just as does the class of fish
in that of the Fertebrata, we find the analogies reversed
precisely in the same way. Of the two typical families,
the woodpeckers are the most carnivorous, although
they are the pre-eminent type; while the parrots,
which are the sub-typical, are entirely frugivorous.
These naturalists, who may be interested in this ques-
tion, will remember how often we have adverted to it on
former ocecasions; and we only again touch upon it here,
to show that, however contradictory our second analogy
in the foregoing table may at first appear, it is not dii:-
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ficult to be explained in no unsatisfactory manner. The
other three analogies, having already been enlarged upon,
require no further elucidation, but may be left to speak
for themselves.

(99.) Before proceeding further in this inquiry,
we shall here introduce a few observations upon the
nature of analogies in general, which have only been
glanced at in our former volumes; the more so, be-
cause, upon further reflection, some considerations have
arisen which seem to us of much importance. It has
not been—although it may be—objected to these tables
of analogies, that the resemblance between two groups,
supposed to represent each other, is usually confined
to two, and often to one, analogical character only;
while, in all other points of structure, there is a marked
dissimilarity. This objection, upon a first view, seems
not easily surmounted, because it may be further urged
— If these two groups really represent each other, why
are they not more alike? Why are we so frequently
obliged to labour and search for the purpose of finding a
single point of resemblance, which, after all, is sometimes
so trivial, and depends en a modification of structure
so secondary, that no great importance can be attached
to it? To this we should reply, that the importance of
a character is by no means to be measured by mere in-
dividual or preconceived opinions, but by its constancy
in certain groups, whereby affinities or analogies may be
detected. And in answer tothe main objection, we main-
tain that this paucity of mutual or common characters,
so far from being a stumnbling-block, is both inevitable
and essential to our theory. Did two analogous groups
present such strong resemblances, in most of their cha-
racters, that every one would immediately confess the
likeness, there would not be a hundredth part of that
variety in nature which actually exists. This will be
apparent to the reader, when he remembers, that, on the
principle of universal representation which we now
assume, every group shows an analogy, direct or in-

-
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direct, near or remote, to many hundred others: it
is, therefore, absolutely impossible for all these simili-
tudes to be so clear as to silence gainsayers, or even to
strike, at first sight, the more experienced naturalist,
who often can only estimate the value of the analogy
between two remote groups, by tracing these analogies®
through a series of intervening forms. The innume-
rable modifications of the same structure which we see in
nature, accomplishes two objects: they excite our won-
der and admiration of the Infinite Mind whose fiat has
produced them; and they enable us, though often dimly,
to trace, in one or two characters, a symbolical relation-
ship between a great number of groups, quite different
in all other respects. But, perhaps, an example will best
explain our meaning. No analogies can well be stronger
than those between the chelonian reptiles and the che-
loniform fishes, forming our present order Plectognathes :
but then, if all the fishes in this latter group were cased,
in the same way, in hard plates—if they afl had very
small mouths, the sharp and crenated jaws performing
the office of teeth—if they al/l were eminently aquatic—
and, lastly, if all their pectoral fins were formed as in
ordinary fishes—what possible characters would be left
by which to indicate their analogy also to the Amphibia,
or frogs, which are as truly and confessedly analogous
to the tortoises, as the tortoises are to the cheloniform
fishes? No such resemblances, that we know of, would
remain, except their imperfect skeleton; or none, at
least, which would strike an ordinary observer; and we
should thus haveno apparent mark by which to conjecture
the relationship, But Nature has provided against this:
has created such a diversity in the order Plectognathes,
that, while one division immediately reminds us of the
chelonian reptiles, another is an equally strong repre-
sentation of the amphibious frogs. The Lophius picta
of Shaw (fig. 6.) will convinee the student we are not
prone to exaggerate resemblances. We have only to
point to the Chironectide in proof of this latter relation:
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and thus, by the paucity of her analogical characters,
relative to one
group only, she
is enabled, as it
were, to disperse
the rest over a
number of others,
but of which, each
— as the inevi-
table consequence
of this rule —

can possess only one or two,

(100.) The two comparisons which we shall now
institute, illustrate, and will tend to confirm, the above
remarks : the first will be between the primary types,
or orders of fishes, and those of the entire circle of the
Annulosa ; the second will be between the fishes and
the primary groups of the reptiles.

- -- v - . . r‘l - - =
Primary Divisions Analogies. Primary Divisions

of Fishes, of Ferlebraia.
ACANTHOPTERYGES. ) The most highlyorganised groups { QUADRUPEDS.
MALACOPTERYGES. in their respective circles. Birps.
CARTILAGINES, Mostly viviparous, REePTILES,
PLECTOGNATHES. { beﬁ::;;guatlc. No true teeth, ﬂr} A FTIAIA .
APODES, Posterior limbsor finssmall ornone, FisHES.

Whether the two first groups in each of these
columns present any absolute points of resemblance in
their structure, we know not; but certain it is, that the
osseous fishes, as no less an authority than Cuvier main-
tains, are the most perfect in their own class, just as
the warm-blooded Vertebrata are in the opposite column.
We have already endeavoured to account for the rever-
sion, as it seems, of the analogies in the two typical
divisions of this class; for, were it not so, it might
almost be thought that, as the organs of locomotion are
most developed in birds, and pelagic or acanthopterous
fishes, they would be analogous, as in this respect they
certainly are: while the ground fishes, or Malacop-

VOL. I. 1




114 CLASSIFICATION OF FISHES.

teryges, and quadrupeds, where these powers are evi-
dently diminished, would stand opposite to each other. -
Be this, however, as it may, we had better, perhaps, for
the present, leave these groups as they now stand, and
proceed to the two next ; that is, the cartilaginous fishes
and the reptiles. Between these two there is no ana-
logy, however remote, to be discovered in their external
shape ; and yet, independent of the mode of their pro-
duction, this is the strongest point in our present pro-
position, because it rests upon an authority which no
one would be disposed to question. M. Cuvier com-
mences his remarks upon the Chondropteryges, by ob-
serving that “ many of the genera approximate to the
reptiles in the conformation of the ear and of the
genital organs ;' and one of our best ichthyologists has .
expressed a similar opinion.* Having before adverted
to the analogy of the typical Plectognathes  and the 'ﬁ
amphibious frogs, we may pass on to that by which the |
apodal order remains to represent the whole class of
fishes. Now this may be inferred, if not substantiated,
in two ways, negatively or positively : first, it might be
safely concluded, that if the four previous analogies are
correct, then there can be no doubt about this last, see-
ing that it embraces the only two groups which yet
remain; but we do not rest altogether upon this de-
duction. The whole ciass of fishes are remarkable for
the smallness of their .posterior members, which, in
them, are fins : these are almost universally of a much
less size than their dorsals, pectorals, ventrals, or caudals.
Now, this characteristic is more conspicuous in the
Apodes, or anguilliform type of fishes, than in any
other; because, among them, the ventral fins are alto-
gether wanting, If we wished to trace this character
through other orders of animals, we need only look to
the aquatic division of the Mammalia, and to the nata-
torial order of birds; both of which have the most
imperfect feet of their respective classes: the corre-

* Yarreli's Brit. Fishes, vol. i. p. 40.
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sponding type by which all and every of these groups are
represented among the reptiles, being the saurian or
natatorial order.

(101.) Althoughwe have hitherto invariably refrained
from employing, as instruments for reasoning, the con-
tents of circular groups which have not been previously
laid before the reader in detail, and in some degree
demonstrated, yet, as the class of reptiles is contained
in this treatise, and will follow that of the fishes, we
shall here, in some measure, anticipate the results of
their investigation, by naming the orders into which, as
we believe, they are first divided; and this we do for
the purpose of showing their relation to those of the
present class, each being arranged in two distinet

columns, )
- ; : Orders of
_ Orders of Fishes. Analagies. Rentiles.
ACANTHOPTERYGES. ) The most highly organised of { LaceErtes,
MALACOPTERYGES. their respective classes, OPHIDES,
e Size gigantic; snout broad, de-} Somd )
CARTILAGINES. pressed ; head, large. SAURES.
: Body oval, thick, and mailed ; i
PLECTOGNATHES. sharp jm:.rs in tf:r_: place of teethf } CHZELONIDES.
Anterior extremities imperfect or £ He
APODES, HOHE } CHEMELIDES.

Until very lately we have always been impressed
with the idea that the ophidian reptiles, or serpents,
were the pre-eminent types of the reptiles; because
their form is that which seems to be most prevalent
in other animals which represent that class; yet, as the
pre-eminent type is found invariably to be that which
is most highly organised, so it would seem to follow
that this rank belongs to the lizards (Lacertes) rather
than to the serpents. This theoretical conclusion is borne
out by the above table, where we find the acanthopte-
rous fish and the lacertine reptiles standing opposite ;
each being the most highly organised of their own class,
The affinity between the lizards and serpents is equally
close as that between the two typical orders of fishes ;
and both are sub-typical. The relationship between the
- cartilaginous fish and the saurian or aquatic reptiles
I 2
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(which includes the crocodiles and most of the extinct
fossil genera) is very striking : both are the most gigan-
tic and ferocious inhabitants of the water ; and, like all
types pre-eminently aquatic, they have the head large,
the muzzle long and generally broad, the mouth large,
and armed with formidable teeth. The close resemblance,
again, between the tortoises and the mailed Plectogna-
thes require no additional evidence in support of their
perfect and beautiful analogy. Lastly, we have apodal
fishes, standing opposite to that most singular group of
reptiles represented by the chameleon. We shall not
here anticipate the reasons subsequently given for
placing these scansorial lizards as the representatives of
a distinct order ; but we may here call the attention of
the naturalist to the following resemblances existing
between these two groups. The locomotive mem-
bers of the chameleon assume, indeed, the form of feet,
and not of fins; but then they are the least organised
feet of all the lizards, and are formed completely on the
scansorial model; the toes being in pairs, of which two
are placed forward and two backward: the tail, again,
as if to make up for this deficiency, is highly developed,
not so much in its length, as in the faculty it possesses
of being prehensile, so that it can be used, like that of
scansorial birds, as a hinder foot or support. Now, the
structure of the apodal fishes is singularly analogous to
all this: the fins which represent the feet are entirely
wanting ; while, at the same time, they have invariably
the longest tails. The apodal order passes into that of
the Aecanthopteryges; and they are as closely united as
the chameleons are to the Lacertes, or lizards.

(102.) To pursue these details further appears un-
necessary. If we have been successful in determining
the primary types of the class now under consideration ;
and if they truly represent, as here stated, the corre-
sponding types in the other vertebrated animals; it fol-
lows that, through these latter, they represent all others
contained in our preceding volumes. 'These compari-
sons will amply repay the labour of those naturalists
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who feel, with ourselves, the inexpressible pleasure of
tracing resemblances under innumerable disguises, as if
they were employed to conceal the simplicity of a few
general laws, by which all the variations in the animal
world are regulated.

(103.) It now only remains to bring before the eye,
at one glance, all the groups we have touched upon ;
the affinities being expressed perpendicularly, and the
analogies horizontally.

Circle of the Class  Circle of Circle of Circle of Circle of

of PIsces. VeErTEBRATA. REPTILIA, Birps. ManmmaLIa,
1. Adcanthopteryges. QUADRUPEDS. Lacertes. Insessores. Quadrumana.
2, Malacopteryges. Birps. Ophides. Raptores. Fere.
3. Cartilagines. REPTILES. Saures. Natatores. Cefacea.
4. Plectognathes.  AveniriaNs, Chaelonides. Grallatores. Glires.
5. Adpodes. Fisu. Chamelides. Rasores. Ungulata.

One advantage attending this recapitulation, is the
facility it gives of embracing, at a single glance,
the different degrees of analogy of the whole Vertebrata:
the sharks, for instance, are thus shown to be repre-
sentatives of the natatorial birds ; an analogy which, if
simply stated as an isolated proposition, would certainly
appear fanciful and altogether improbable; and yet,
when traced through the medium of the aquatic Mam-
malia, or Cetacea, and then through the Ichthyosauri,
and other aquatic reptiles, is at once brought home to
the conviction of every unprejudiced mind, even without
the high authority of Cuvier. Here, then, we may
close our general introduction, and proceed at once into
as many details of the several orders as the nature of
our work will permit.
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CHAP. VI.

ON THE ORDER CARTILAGINES, OR CARTILAGINOUS FISHES.

(104.) Tae cartilaginous fishes, at the head of which
stand the sharks and rays, are well known to be the
largest and the most formidable of the whole class, The
pecuhar structure of the-lr skeleton, which glves rise to
their name, admits of these animals continuing to grow
as long as they live ; the consequence of which is, that
as they inhabit the wide ocean, and have few enemies,
they are sometimes met with of such an enormous size,
that their weight and dimensions are almost incredible.
Besides these two families, numerous both in minor
divisions and species, we include the sturgeons, the
spoon-fish (Spatularia of Shaw), and those extraordi-
nary fish, the Chimerine, or sea-monsters,

(105.) The distinguishing anatomical characters of
this order consist in the skeleton or bones being en-
tirely cartilaginous ; that is to say, it is not formed of
osseous fibres, but the calcareous matter is deposited in
small grains, and not by filaments: hence it is that
there are no sutures in their skull, which is always
composed of a single piece ; the usual divisions, how-
ever, of the cranium of ordinary fishes may, in these,
be readily distinguished by the angles, hollows, and
other inequalities on the surface of the eranium. It is
remarkable, also, that the moveable articulations in the
other orders are here not at all apparent. As an in-
stance of this, it may be mentioned, that a part of the
vertebre of certain rays ( Raia) are united into a single
body ; while, in other instances, some of - the articula-
tions of the bones of the face, according to Cuvier, dis-
appear. The most apparent anatomical characters of
this class is, to want the maxillary and inter-maxillary
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bones, or, rather, only to have them in an incipient
state, concealed under the skin, while their functions
are perfﬁrmed by the bones analogous to the palatine
arches. ' The gelatinous substance, which, in other fish,
fills the interstices of the vertebre, and communicates
only from one to the other by a small hole, forms,
in many of these fish, a cord, which threads the whole
body of the vertebre, with scarcely any variation in its
diameter. *

(106.) Theconnectionof this order of fishes to the rep-
tiles, properlyso called, is effected by means of the Elanio-
sauri, or the fossil genera of Ichthyosaurus, Plesiosaurus,
and other swimming lizards of gigantic dimensions,
now extinet. M. Cuvier, without being aware of the
full value of his observation, confirms our theory in this
point, when he declares that *“ these cartilaginous fishes
approach the reptiles by the conformation of their ear
and of their generative organs;” while, on the other
hand, to prove their affinity to the cetaceous quadrupeds,
it has been well observed that these latter ¢ lead us, by a
very distinet and natural transition,” to fish., ““The vivi-
parous sharks, such as the basking shark (Selache max-
ima Cuv.), with their ear more perfectly organised than
that of other fishes, and their body destitute of scales,
the particular disposition of their fins, and their closed
branchiz, all indicate at what place we are to enter
among the fishes upon leaving the cetaceous quadru-
peds.”t It is curious to see, by the above opinions,
how perfectly these two naturalists really agree, at the
very time when, from a partial consideration only of
their theories, they would appear as opposing the views
of each other : both may, indeed, be said to be in part
right. M. Cuvier, by depending entirely on his con-
summate knowledge of comparative anatomy, came to
the determination of placing the class of fish imme-
diately after that of reptiles : while Mr. MacLeay, fol-
Jowing the simple circle of affinity in the Pertebrata,

& Rég. An. 2d ed. tom, ii. p. 376. + Hor. Ent. p. 272
14
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places the birds after the reptiles, the quadrupeds after
the birds, and the fishes after the quadrupeds, without
having the least suspicion that, although this series was
natural, it possessed another property, by which the
amphibians, the reptiles, and the fish, formed a primary
circle of their own ; and thus reduced the three aberrant
divisions into one, The cartilaginous fishes, in short, unite
the aberrant divisions of the vertebrated circle into one ;
while, at the same time, they open a passage to the
quadrupeds by means of the whales, the dolphins, and
the porpoises. If the student wishes to comprehend
this double affinity, let him compare the figures of the
Ichthyosaurus with that of a shark, and he will be
immediately convinced that noreptile so much resembles
a fish as does the Ichthyosaurus: again, if he looks to
the porpoise, its resemblance to the cartilaginous fish is
so peculiarly striking, that he will be not at all sur-
prised at the older naturalists placing them in the same
class.

(107.) The views we have taken of the cartilaginous
order in other respects are so different from those of M.
Cuvier, that we deem it necessary, in this place, to explain
our reasons. Although the arrangement of this order in
the Régne Animal is confessedly artificial, it is liable to
much fewer objections than usually attend such methods,
because the two typical divisions (the sharks and the
rays) are so peculiarly marked, that upon this point
there never had been the least difference of opinion.
The only objections, therefore, that may be made to his
remaining series, regard the aberrant groups. It is
quite evident, that if all fishes whose bones are car-
tilaginous are to be placed in this order, the genera
Leptocephalus, Lophius, Cyclopterus, and several others,
have as great a claim to be associated with the sharks
and rays as Petromyzon; while, if we extend the
order to such as have the branchia so-hid, that they only
present an external slit, the order must be enlarged
go as to include the eels and several cognate genera.
Both these principles appear equally objectionahle ; the
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more especially as we should then cast aside all regard
for outward form, by which Nature, as it were, stamps
the most obvious and tangible affinities of her own
groups. The lampreys, indeed, have a second cha-
racter in common with the sharks and rays ; which is,
in having more branchial apertures than any of the
other eel-like fishes of the order Apodes: but when
we see, even in the same genus of sharks, that the
number of these orifices is by no means constant, and
that in the sturgeons and the chimeras, regarded by all
writers as true Cartilagines, these orifices are only one
on each side, as in the Murenide, it becomes obvious
that number alone is but an inferior character, [and
cannot be considered as a primary distinction even of
a genus, much less of an order. These considerations
are sufficient to excite very strong doubts on the pro-
priety of placing Petromyzon in the present order, If
we look again to the relations of these two groups,
this opinion receives additional strength, The affinity
which the cartilaginous fishes bear to the aquatic order
of quadrupecls — that is, to the whales and the porpoises
~—is too well known and acknowledged to be here de-
tailed ; while that between the lampreys and the red-
blooded worms is no less evident : both these affinities,
indeed, have been acknowledged by Cuvier; and it
therefore follows as an inevitable consequence, that these
two groups of fishes must be kept distinet,—the car-
tilaginous being placed nearest to the Mammalia, while
the lampreys are arranged so as to form a passage to
the Annulosa, by means of the Annelides, or red-blooded
worms. Cuvier, indeed, well observes that the “lampreys
have a skeleton so defective, and such simplicity of
organisation, that we might almost arrange them with
the worms:” they are, in short, if not ¢ the most im-
perfect of all vertebrated animals,” at least the most
imperfect of the entire class of Pisces. Excluding,
therefore, the Cyclostomi Cuv. from this order, we find
that the remainder of our author’s Chondropterygii form
a natural group ; the primary divisions of which we
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shall now endeavour to make out, and subsequently
demonstrate,

(108.) Of all the cartilaginous fishes yet discovered,
that which seems to make the nearest approach to the
osseous orders, is the Polyodon reticulatus (fig. 7.), a

most extraordinary fish, about a foot long, found in
the Mississippi. It is at once known by the excessive
prolongation of the snout, which is very flat and lan-
ceolate, or broadest in the middle, while its length is
nearly equal to that of the whole body. The skin is
smooth and destitute of scales. The general structure
shows an affinity to the sturgeon, close to which it has
always been arranged ; but it differs from that genus in
some important particulars, besides presenting a totally
different form. The maxillary and palatal bones, indeed,
are united ; but the pedicle of the mouth has two
articulations. The mouth itself is wide, and is furnished
in the upper jaw with a double, and in the lower with
a single, row of small, but sharp, curved and serrated
teeth. In all these respects, however, we still have the
general characters of a cartilaginous fish ; but by its
other characters we trace its connection to those whose
bones are osseous. The spiracle, common to the rest
of this order, is so large as to assume the appearance of
the branchial gperture of ordinary fishes ; for both
Lacepede and Cuvier affirm that it extends to the
middle of the body. It is covered by a very large,
soft, and pointed operculum, which, on being raised,
exhibits the gills, consisting of five cartilaginous lamina,
with fringed edges, as in the generality of fishes. Like
Acipenser, there is a large swimming bladder : the in-
testine is provided with the spiral valve common to this
order ; but the pancreas, according to Cuvier, exhibits




THE STURGEONS. 123

the commencement of a subdivision into lobes ; in other
words, makes a departure from the cartilaginous structure,
and the nearest approximation yet discovered to the
more complicated form observable in all the osseous
orders,

(109.) The Sturgeons (SturroNipz) form the next
aberrant group, of which, at present, only one genus
is known. All the species are distinguished by being
defended, as it were, by armour, or, at least, having the
body covered by hard bony tubercles. The mouth is
small ; but instead of teeth it is furnished with a horny
prolongation of the jaws, which perform the same office,
and are analogous to what we see in the cheloniform
fishes. The mouth, however, has this peculiarity,— that,
by its possessing a style with three articulations, it has
the power of being protruded and retracted at pleasure.
The gill-cover is of one oval radiated plate; but the
aperture is comparatively small, and its cover, by being
edged with a membranaceous border, closes the aperture
so accurately as to exclude the air. The food is small
fish and worms.

(110.) The common sturgeon (A4.sturio Linn., fig.8.)

affords that well known delicacy called Caviar, which is,
in fact, the roe of this fish properly prepared and dried.
It is usually inclosed in wax, and in this state is sent
to all parts of Europe. Sturgeons grow to a very
large size, many having been caught that measured
more than twenty feet long. Its form is lengthened
and slender ; the snout very long in some species;
and the mouth, as in nearly all the cartilaginous
fishes, placed beneath., Several cirri, or worm-like
appendages, are seated beneath the muzzle, and near
the mouth: this latter consists of a transverse oval
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orifice totally destitute of teeth, but containing a thick
and strong tongue ; it is bordered, both above and be.
low, by a strong cartilaginous edge or lip, which has
the power of retracting and closing at pleasure. The
whole body, which is pentagonal, is more or less covered,
according to the species, by strong, large, bony tubercles ;
thus foreibly calling to mind, both in its covering and
the construction of its mouth, the toothless quadrupeds
(Edentata). Sturgeons are natives of the northern
European and American seas; they migrate, during the
early summer months, into the larger rivers and lakes,
and, after depositing their spawn, return again to the
sea. The North American sturgeons may almost be
called freshwater fishes, since they are rarely taken at
any great distance from the shore. In some of the
rivers of Virginia they are so numerous, that Pennant
affirms 600 have been taken in the space of two days,
by merely putting a pole into the water, with a strong
hook at the end, and drawing it up again on perceiving
that it rubbed against a fish. There are regular stur-
geon fisheries, during summer, near Pillau, and in the
river Garonne, on the coast of France. Its flesh is
described as delicious, both as regards delicacy and
firmness. In this country, sturgeons are much more
rarely met with than formerly ; the largest ever taken,
according to Pennant, weighed 460 pounds. The
fish, when roasted, is said to resemble veal ; but that
which we receive from the Baltic and North America is
generally pickled. The sturgeon was a fish in high
repute among the Greeks and Romans: Pliny informs
us it was brought to table with much pomp, and orna-
mented with flowers ; the slaves who carried it being
also adorned with garlands, and accompanied by music.
A smaller species, called the sterlet ( Acipenser Ruthenus),
found in Russia, is in much higher esteem for the table
than the common species. The soup of this fish formed
one of the favourite luxuries of that gigantic epicure,
prince Potemkin of Russia, who, as Dr. Shaw relates, in
seasons when this fish happened to be unusually dear,
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was contented to purchase it at a price so extravagant,
that a single tureen, forming the mere prelude to his
repast, cost him the sum of 300 rubles*; a sum, we
may add, which, had it been expended in promoting
the happiness of his miserable serfs, might have called
down blessings on the head of this worthless sensualist.

(111.) The third division is represented by the Cn1-
MZERIDZE, or sea monsters ( fig.9.), so called from the fan-

tastic shape of their heads, which are ornamented, if this
term may be used, with a singular hoe-shaped appendage
tipt with spines, and analogous to a crest,upon their snout:
in other respects they have the “ closest relation,” as it-
has been well observed, to the sharks ; from which, how-
ever, they essentially differ, in having a still smaller
mouth : the palatine and tympanic bones are merely rudi-
mentary, and suspended to the sides of the muzzle, which
is much advanced, while the upper jaw is represented
only by the vomer. The Chimera borealis (fig. 9. a) is
the chief of three species, remarkable for the singularity
of its appearance, which gives as much the idea of a
reptile as of a fish. 1t grows to three or four feet long.
The head is very large and obtuse; but the body termi-
nates gradually into a long and slender filament. In

* Gen. Zool. vol. v."p. 377.
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reference to the natural affinities of this extraordinary
fish, the head deserves particular attention: it is very
large, thick, and rises in the shape of a conical py-
ramid: at a little distance from the tip of the snout,
in the male fish only, is a short upright pro-
cess, terminating in a fringe; the whole resembling
a tuft or crest: the mouth is placed rather beneath,
and is small for the size of the fish; it has no true
teeth, but the jaws are furnished with broad bony
lamine ; and these are notched in the margin, so as to
resemble numerous small teeth ; while in front, both
above and below, stand two Jarge, subtriangular, flattish
cutting teeth, We see, in short, the first indication of
the plectognathiform structure, and of all those other
groups where the teeth are represented by crenated or
serrated bony jaws, analogous to the chelonian reptiles.
The northern Chimera lives in the deep recesses of the
ocean, and is therefore seldom seen to approach the
shores, except during breeding time. It is described as
a nocturnal fish, chiefly searching for its prey at that
season ; when it devours the young of the cod, herring,
and other similar tribes, Its flesh is particularly coarse
and uneatable ; but the Norwegians are said to esteem
its eggs, which are mixed up with their pastry. Much
oil is contained in the liver. The C. dustralis (#ig. 9. b)
inhabits the Southern Ocean. Having now enumerated
the most aberrant forms in this order, we shall proceed
at once to those which are more typical.

(112.) The Squarnipz, or sharks, are the most con-
spicuous and the most perfectly organised of all the
cartilaginous fishes. Their forms are often gigantic,
and their fierceness and voracity are proverbial: they
are the dread and detestation of mariners; and even
when dead, their aspect is sufficient to excite fear. These
monsters of the deep are nearly all completely carni-
vorous ; and their appetite is so voracious, that they in-
discriminately devour whatever living being comes in
their way It is a well-authenticated fact, that some
of these monsters, at a single bite, have cut a man in
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half; and an entire human body is said to have been
found, on one occasion, in the stomach. Fortunately,
however, very few of those found in our temperate
latitudes grow to such a size as to awaken our fears, or
commit injury upon our persons; but so soon as we
enter the warmer regions, towards the tropics, bathing
in the sea becomes a hazardous, and often a dangerous,
undertaking. The late sir Brook Watson is well-known
to have had his leg amputated by one single bite of a
shark, while bathing in the West Indies: and both
there, and on the opposite coasts of Africa, the ocean
swarms with them. A very few species, however, feed
upon animals that are already dead, and even upon
marine plants. They all swim with great velocity, and
often in vast multitudes, when pursuing shoals of other
fish, Our excellent ichthyologist, Mr. Couch, says he
has heard of about 20,000 of the picked dog-fish
(Spinax acanthias), having been taken in a Cornish
net, called a sein, at one time ; and such is the strength
of instinct, that young ones, not six inches long, are
found, in company with their parents, following shoals
of fish, on which, at that age, they could not prey.*
(118.) The form of all the sharks is lengthened ;
the body and fins being covered with a hard coriaceous
skin, often tuberculated, and sometimes intermixed with
spines or plates; but none have been yet found with
true scales. The substance called shagreen is no other
than the prepared skin of these and other cartilaginous
fish, the different degrees of roughness indicating different
species. The head is always more or less flattened,
generally wider across than the body ; and sometimes,
as in the hammer-headed sharks, enormously dilated.
The snout, more especially, is dilated, and always ad=
vances T considerably beyond the mouth, which is thus
concealed beneath, and can only be seen, or indeed
used, when the fish is turned on one side : this is pre-
cisely the case with the rays; and renders it necessary

* Yarrell’s Brit, Fishes, vol. ii. p. 401.
T Except in the most aberrant forms.
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that both should turn almost upon their backs, in order
to seize their prey. The teeth of the shark exhibit,
perhaps, the most formidable apparatus for devouring,
of any animal in creation. In some species they are
so numerous, that, upon opening the mouth, the eye
sees nothing but a forest of pointed teeth, any one of
which, if detached, would be sufficient to inflict a most
severe wound: some of these are for the purpose of
seizing, others for tearing; but there are none for grind-
ing, as the food of the shark is always swallowed in an
entire state : the only exceptions to this general rule are
found in those genera (Pristis and Mustelus) which
form the passage to the rays, and where the teeth are
flat, blunt, and tesselated. All the other sharks have
pointed teeth, but differently modified in their form ;
and this diversity, as implying difference of food or
habit, deserves much attention. The gill-covers, as
already observed, do not open as in ordinary fishes : the
branchia, in fact, are completely concealed beneath the
skin ; yet their number may be judged of by certain
oval perforations, placed in a single row on each side,
through which the water is emitted in the act of respir-
ation. Let us now proceed to examine this family in
more detail.

(114.) To professor Rafinesque* belongs the honour
of being the first who ventured to break up the old
Linnean genus Squalus into a number of others ; to all
of which he has attached well-constructed names, and,
in most cases, very satisfactory descriptions. This re-
formation was begun many years before the appearance
of the Régne Animal; but the name and works of Ra-
finesque were then so little known, that M. Cuvier was
ignorant that nearly all his divisions had been anticipated.
As the work wherein these genera were first charac-
terised, is now become scarce, and as Rafinesque’s names
have the undoubted priority of all others, we shall here
lay them before the reader in his own words, more par-
ticularly as he describes two or three which still re-

* Caratteri di Alcune Nuovi Generi, &c. Palermo, 1810,
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main entirely unknown to ‘all naturalists who have
followed him.

1. G. Carcaarias. No spiracles: dorsal fins two ;
anal one: five branchial apertures on each side : tail ob-
lique, unequal.— Obs. This genus is the first among the
Squalini, and contains those species which are the largest
and the most voracious. It is strikingly distinguished
from the genus Galeus, by the absence of spiracles.

2. Dararias. No spiracles: two dorsal fins, but
no anal: five branchial apertures on each side: tail
unequal, oblique. This genus differs from the last by
wanting the anal fin ; and from that of Squalus proper,
by the absence of spiracles. Teeth flat, long, acute,
disposed in a single row on the under jaw, and in two
on the upper, where, also, there are others much smaller:
eyes round: the branchial apertures are rather large.
Two species are described, — D. sparophagus and noe-
turnus. The latter has the anterior part of the dorsal
fin spined, and the posterior acuminated ; the head has
numerous pores : habits nocturnal: length seldom above
three feet: the teeth are unequal, acute, disposed in
various ways : dorsal spine united half way to the fin :
branchial apertures narrow. The pores on the head are
very remarkable : they are easily seen, although very
small ; and are round, unequal, and irregularly scattered
on each side of the head, from the tip of the snout to
above the eyes.

3. TETrorAs. No spiracles: two dorsal fins, and
one anal: branchial apertures rather large, four on
each side: tail unequal, oblique.

4. Isurus. No spiracles: dorsal fins two, the pos-
terior adipose; anal fin one, adipose: branchial apertures
five on each side: tail vertical, equally divided, and
lunulate. This genus is remarkably distinguished from
all others in this order, by the form of its tail,—a form
which is not seen in any other, and from which the
name is derived.*®

* The only species known to our author is described in the following
words, where he introduces those other characters which belong to the

VoL I. K
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5. Cericrivs. No spiracles: two dorsal fins; the
posterior much larger and bilobed; anal one: branchial
apertures five on each side: tail unequal, oblique :
head with two bony appendages in the form of horns. —
Obs. The two appendages, or rather horns, which this
genus bears on the head, give it an aspect of great sin-
gularity, and readily distinguish it from the next genus.*

0. Aropias. ““No spiracles : two dorsal fins ; the pos-
terior adipose ; the ventral is single, and also adi-
pose : -branchial openings five on each side: tail as
long as the body, oblique, unequal.” Of this one spe-
cies, A. macrourus, is described, which, our author
remarks, has some affinity to Galeus wvulpecula, or
Squalus vulpecula Linn.; but is distinguished by the
absence of spiracles, by its adipose fins, its greater
size (12 or 14 feet), &c. The mouth is small ; the
teeth are minute, acute, flat, and disposed in different
waysT; the eyes are large and much sunk.

7. HeprrANcHIAS. No spiracle : a single dorsal and
anal fin: branchial openings seven on- each side: tail
unequal, oblique. Our author does not describe, or ap-
pear to have seen, the only species he thinks belongs to
this genus, which, he says, is the Squalus cinereus of
Lacepede.

8. Gareus. Spiracles two: two dorsal fins, and one
anal : branchial apertures five on each side: tail un-
equal, oblique.— Obs. The greater part of the Squali of
authors are now placed in this genus, which is distin-
guished from that of Squalus (as restricted by our author)
by the presence of an anal fin.

e —
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genus, IsUrRUS oxyrymches. — “Grey above, white beneath : snout very
acute: lateral line apparent, and rather curved : base of the tail anculated
and nearly winged oneach side : the branchial apertures are very long and
narrow : each jaw has three rows of teeth near the palate : eyes small and
round ; the hinder dorsal opposite the anal. It grows to the length of ten
feet, and is called Pesce=tondo.”

* The only species enumerated of this most extraordina rus (which
seems absolutely unknown to all succeeding writers), is thus described : —

“ (. macrouwrus. Abovebluish black ; beneath white : appendages obtuse,
recurved towards the eves: tail forming one third the tota length. This
rare fish is called by the Sicilians Pesce diavolo, on account of its horns.
One was caught off Palermo in March, 1806, which measured eight feet,
and weighed six Sicilian cantars.” ¢

+ * In diversi ordini.”
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0. Hexancaus. Spiracles two: branchial apertures
six on each side: dorsal and anal fin single : tail un-
equal, oblique.—Obs. The lesser number of the branchia,
and the presence of spiracles, distinguishes this genus
from that of Heptranchias, although both have a single
dorsal fin, This is founded on the description of the
Squalus griseus of Lacepede ; which, as it is not a native
of Sicily, nor appears to have been seen by our author, he
does not describe.

10. ErmorTERUS. Spiracles two, round : dorsal fins
two, laciniated —the first armed with a spine, the second
nearly opposite to the vent ; no anal fin : branchial aper-
tures three on each side: tail unequal, laciniated, ob-
lique : muzzle obtuse : nostrils with appendages : teeth
small and acute: eyes oval, and deep sunk. This genus,
and the Squalus squatinus Linn., have the least number
of branchial apertures among the whole of the Squali.

(115.) Itis much to be regretted, at the present day
that some of these genera have not been more fully de-
seribed : but it is also true that most of these descrip-
tions are sufficient to identify both the genera and the
species ; and that they are even more precise than those
which were in use twenty-five years ago. It is very
easy to attempt to reconcile some of these genera with
others of their congeners, by attributing inaccuracy to
the author ; and this has been done, in numerous in-
stances, by Cuvier — with what degree of truth will
hereafter appear: but even if we suppose our author
may have overlooked some points, and have been mistaken
in others, there are, nevertheless, some of these genera
whose structure is altogether unique, and too remarkable
to be either confounded or misrepresented ; among these
are Isurus, having an equal lunate tail ; Dalatias,
having spiracles, but no anal fin; Cerictius, possessing
horn-like appendages ; and Etmopterus, with only three
branchial apertures.* Until the existence of such fish

* Upon this alleged fact, M. Cuvier says, * Our author is most probably
mistaken, for he describes the Squalus squatina of Linnweus as also having
but three, whereas it has five,” But before we can make up our minds on
this subject, it will be necessary to show that there is nut a species, also,

K 2
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is absolutely. disproved, we see no reason for consider-
ing them as purely imaginary. Professor Rafinesque
resided five years in Sicily, and therefore had far better
means of discovering its rarer productions than na-
turalists who have merely staid there for a few months.
Some of these genera, we have no scruple, therefore, of
adopting, while others may be held in abeyance until
they are verified by further observation.

(116.) If we look to the different genera in which
authors have divided this family, with a view to deter-
mine those which are more typical, and such as are
aberrant, we shall have but little Hesitation in fixing
upon Pristis and Zygena as forming two of these;
while most authors agree in bringing Squatine also
into the family: this is in accordance, also, with the
views of Cuvier, who has separated the hammer-headed
group from all the other sharks, and placed Pristis and
Squatina in the same rank. There yet remains, how-
ever, the great bulk of the family under his genus
Squalus: these are obviously the most typical sharks,
and, like all such assemblages, contain two distinct
groups or sub-families, which we shall here term the
Squaline and the Centrine ; the first being distinguished
by the absence, and the last by the presence, of spi-
racles. These are small temporal orifices, which, when
they exist, are placed immediately behind the eye : their
peculiar use is not clearly known, but they must un-
questionably perform an important office in the economy
of these fishes; because, from their universality in one
of these typical groups, and their absence in the other,
it would seem that nature intended thus to distinguish
them. The two aberrant genera of Pristis and Squa-

e e - ——— e ——

in Sicily, with only three apertures, which Rafinesque has supposed to be
the squating of Linnazus, and so described it. Now I think that the ex-
istance of such a species is just as probable, if not more so, as that Rafi-
nesque has overlooked two of the spiracles. T can bear testimony to the
peculiar tact and unwearied zeal of our author, in detecting species closely
allied to each other. 1 must here again repeat, and the proofs will follow,
that not one half of the Sicilian fishes, described by Rafinesque, were known
to M. Cuvier, who has not only omitted them in his great work, but thrown
discredit on their very exisience.
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tina contain very few species; and they are so much
isolated, when compared with the graduating links of
connection seen among the true sharks, that their pre-
cise situation in the circle is still open to dispute. We
have to regret, also, the same paucity of forms between
these aberrant Squalide and the three aberrant families,
or rather types of families, already noticed; so that,
whether the true sharks (Squalide) are directly con-
nected to Chimera, or to Pelyodon, is a question
impossible to be determined at present by simple ana-
lysis, It might, indeed, be thought, on a hasty view of
the subject, that Pristis leads immediately to Polyodon :
but all authors agree, and we think justly, that this sin-
gular fish connects the sharks to the rays; and this will
be apparent when we come to describe it. Squatina,
also, has more the aspect of a ray than of a shark. Zy-
gene, therefore, is that group of the Squalide most
removed from the Raide; and it must, consequently,
stand at the furthest extremity of its own family,—in
other words, at that point which is in the line of pas-
sage to Polyodon. With this group, therefore, we shall
NOW commence Our survey.
(117.) The Zyganine,or
1 7 hammer-headed sharks (fig.
Hwimnet 10. @) present, at the first
glance,amarked and decided
character in the form of the
head, which, as their name
implies, may be compared to
a hammer, the body of the
fishrepresenting the handle;
in other words, the head is
flattened, with the sides so
much prolonged that the
eyes, which are at the ex-
tremities, appear placed on
two great peduncles. Cu-
vier remarks that the ani-
mal kingdom presents no
K 3
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other example of a head so formed ; but this is incor-
rect : the genus Diopsis (b) among insects, gives us a
perfect representation of these hammer-headed sharks :
the resemblance, in short, is so striking, as alternately to
excite our wonder and our risibility at seeing a fly so like
a fish ( fig. 10.) In other respects, we find the structure
in general accordance with the rest of the true sharks.
There are no temporal spiracles; but the teeth are
strong and acute, crenated on their edges, and placed in
three rows. The female is oviviparous. The species
are few, and these not well understood. The Z. mal-
leus is that which is best kpown : it inhabits the seas of
Southern Europe, and grows to twelve feet long. A second
is found in India; and what seems a third is peculiar
to the Australian seas. The most typical species, how-
ever, yet known, has been recently discovered and de-
scribed by Dr.Cantor * as the Z. laticeps ( fig.11.). These

e

are all typical examples ; but the aberrant forms, which
have the head more heart-shaped, it will be necessary to
place in a distinet genus.

(118.) The second type of the aberrant sub-families
is the genus Pristis, or saw-fish. This genus has
been placed by all writers between the sharks and
the rays : and with great truth, for it partakes almost
equally of the structure of both— uniting, however, a
peculiarity altogether its own. This consists in the

* An acute and most zealous naturalist, whose materials for elucidating
the fish, serpents, and mollusca of India are particularly valugule; the
drawings and descriptions having been made from the living subjects.
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enormous prolongation of the snout (fig. 12.), which is
straight, flat, and nearly of equal breadth throughout :

o UL LLL
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the tip is obtuse; but the sides are armed with a
single row of strong acute spines, pointing outwards so
as to resemble a very wide-toothed comb.* Cuvier
observes, that the anterior sides are sharp or cutting ;
but this is certainly not the fact in regard to such as
we have examined. With this weapon, as it is said,
the saw-fish attacks its prey, and even encounters the
large Cetacea, or whales. The mouth, placed quite
beneath the snout, is furnished with small rounded
teeth, close together, as in the rays; and, as in that
family, the branchial apertures are placed beneath the
pectoral fins. It possesses, alsot, another character of
the rays, in the nasal cartilage already alluded to. On
the other hand, its affinity to the sharks is shown in
the general elongated form of the body ; but more
especially by that peculiar character, which distinguishes
the Squalide, of having the pectoral fins totally free
and unattached to the head or snout,—a formation, how-
ever, which is likewise seen in Squatina. Nevertheless,
the pectoral fins in Pristis are not dilated from the
base, as in Squatina; and the general structure of this
and all the other fins is precisely the same as those of
the true sharks. The temporal orifices are large, and
placed behind the eye; while the teeth, in the gene-
rality of the species, are flat and tesselated ; the

* A species now before us, from Tropical America, has no less than 28of
these teeth on each side the snout ; it is probably the Pristis pectinatus.
t Mentioned by Drs. Muller and Henle,
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mouth and the branchial apertures being placed com-
pletely beneath, — the former under the eyes, the latter
under the pectoral fin,—so that neither of them can be
seen when the fish is laid upon its belly. These fish,
of which there are several species. grow to a large size,
and appear to be pelagic, or rovers of the ocean. Some
inhabit all latitudes, from the coldest to the hottest ; but
no doubt each species has its peculiar geographic range,
although none have yet been found on our own coasts.
The common species is said to attack whales much in
the same manner as the sword-fish ; although it is ob-
vious that the snout, being calculated to cut laterally,
and not to thrust, must be used as an offensive weapon,
in a very different manner : for this reason, we do not
believe the assertion that some writers have made, that
the snout of the saw-fish has been found driven into
the sides of ships like those of the sword-fish ; because
any one who looks to this snout, and observes that the
end of it is quite blunt, must see such a thing to be
altogether impossible. The species often grow to be-
tween 18 and 20 feet long, and are chiefly distinguished
by the number and form of the tooth-like processes on
each side. Klein first made known the singular fact,
that in the feetal or young saw-fish the snout is folded
back over the head, and the rudiments of the spines are
indicated by tubercles.

(119.) The third of the aberrant forms in the great
family of sharks, is either represented by Squatina, or
by Crossorhinus; both of which differ from all the
more typical sharks, in having the mouth at the extre-
mity of the muzzle, and not beneath it. That these
two forms, as well as Cestracion, are perfectly analogous,
there can be no question ; the only difficulty is that of
determining their natural situation or affinity. We
confess our strong doubts on the propriety of placing
Squatina among the sharks, rather than with the rays,
to which it has certainly, of the two, the greatest
resemblance both in external form and internal structure.
Without, however, entering further into this question
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at present, we may certainly affirm that the general
shape of these animals (of which two species are known)
seems a compound of both the typical forms. The
hinder parts are those of a shark, while the broad de-
pressed head is that of a ray, and it is just of such a
form as we might imagine to intervene between a
Torpedo and a Rhinobates. Our European species,
C. angelorum, is generally called the angel-fish. The
body, but especially the head, is flattened ; and the eyes,
like those of all the rays, are vertical, or placed upon
the crown : behind these are spiracles; while the bran-
chial apertures are not, as in the sharks, on the sides, but
placed beneath : the pectorals are very broad, and the
mouth terminal. In the American species (fig. 13.), the

upper jaw has two flattened and somewhat triangular
eirri : ‘the teeth are broad at their base, but slender
and sharp at their points. The Squalus aculeatus of
authors has been also referred to this genus, to which
it is evidently related ; but whether by analogy or
affinity appears somewhat questionable. For the pre-
sent, we feel disposed to follow our predecessors in
placing Squating in this family; where, if it truly
enters, it comes in as the chironectiform type of the
whole circle. Leaving the three aberrant groups, we
shall now proceed to the two which are typical.

(120.) We place the sub-family of Squarnive as the
next in order, because it seems connected to the Zyga-
nin@ by its pointed teeth, and by the want of those
remarkable temporal orifices, or spiracles, which seem
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to mark the primary distinctions of the two typical
groups. This character also happens to be one of the
most obvious; and thus affords the ichthyologist an
easy and, as we believe, a natural guide among the in-
tricacies of the numerous genera that have been formed
out of these fishes. On looking to these, we plainly
perceive that, although they have hitherto all been
termed genera, and therefore placed upon the same rank,
yet that some are much more strongly marked in their
differences than others; so that they form themselves
into little groups, under which two, three, or more, may
be arranged. This it would be very easy to accomplish,
if our object was merely to make an artificial arrange-
ment: but when we attempt to work out a natural
group, such is the state of ichthyological science, that it
almost becomes absolutely necessary to verify what has
been done by our predecessors, by going over the same
ground, and re-examining the major part of these sub-
genera ourselves. In very many instances, however,
this is totally impracticable; and in such cases we have
no other resource left than to take for granted what has
been published, and endeavour to trace the line of affi-
nity by the imperfect materials before us. In the at-
tempt, therefore, which we shall now make to place the
pumerous sub-genera of sharks under their genera, pro-
perly so called, the above difficulties must be borne in
mind, and every allowance may fairly be claimed for those
errors which necessarily attend upon a task so peculiarly
perplexing. Enough, however, will come to light in
the sequel, to show that this effort has not altogether
been unsuccessful ; and for the rest, we must leave the
rectification of minor errors of location to time, — to
greater knowledge of those forms already known, but
imperfectly deseribed,— and to the discovery of others
which are at present unknown.

(121.) The first genus, if such it be, which we shall
notice, among the Squaline, or sharks having no tempo-
ral orifices, is that of Scoliodon of Muller and Henle,
which seems to bear a nearer affinity than any other to




SQUALIN E.—SCOLIODON, — SQUALUS. 139

Zygana. We are led to believe that Secoliodon is a
generic, and not a sub-generie, type, from its containing
five species; but as no typical example has been named,
and no notice taken of the form of the head and tail
(characters, in our opinion, of much greater importance
than slight variations in the teeth), our idea of its rank
is entirely conjectural. If Rafinesque’s Tefroras, on
the other hand, has only four spiracles, it may fill the
place here assigned to Seoliodon; which, according to
Muller and Henle*, differs only from the true sharks in
the next genus, by such slight modifications in the teeth,
that, in the absence of further characters, we hardly
venture to incorporate it in our present survey. The
genera T'riaenodon and Leptocharias, each with only one
example, appear to us — judging from the characters
that have been as yet assigned to them T — no other
than aberrant species ; but this, again, is mere conjec-
ture. It is clear, however, that they all enter into the
present sub-family, as they are destitute of temporal
spiracles.

(122.) The next is the typical genus of the whole
family ; and as such we retain to it the original generic
name | of Squalus, in preference to that of Carcharias
proposed for it by Rafinesque, seven years before
M. Cuvier. Here we meet with the most ferocious and
gigantic monsters of the whole family ; among these is
the great white shark, Squalus carcharias, which some-
times grows to the length of twenty-five feet, and which
is a savage and destructive wanderer over the whole
ocean. Its jaws are armed with innumerable cutting
teeth, acutely pointed at their tips, and generally den-
tated on their margins, the base being very wide and

* Mag. of N. Hist. No. xiii. p. 35. — * Differs only from Carcharias Cuv.
by the teeth being of the same shape in the upper and lower jaw ; viz. the
points directed towards the corner of the mouth, with a smooth edge, and

a truncated protuberance, either smooth or indented, on the exterior side
of the base (5 sp.)."
Ib. p. 36.

f The propriety of retaining the original name of a genus to the typical
group, has been so well advocated by others, that any further observations
of ours would be superfluous,

e
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compressed. They all have an unequal tail, two dorsal
fins, and one anal. In the pre-eminently typical section,
or sub-genus, the tail is of ordinary length (Squalus
elephas Le Sueur, fig. 14.) ; but in the next sub-genus,

Alopias Raf., to which the Squalus obscurus of Le Sueur
forms a passage, the upper division of the tail is exces-
sively lengthened ; a familiar example of which is seen
in the fox-tailed shark of Britain (Alopias vuipes Nob.).*
Independent of this singular development of tail;, Alo-
pias is further distinguished by having the snout coni-
cal, not, as in Squalus, broad and depressed ; the teeth
also are less numerous, and are only in two or three
rows. The sub-genus Cerieteus of Rafinesque is an
equally distinct, but a much more extraordinary, type,
hitherto found only on the prolific shores of Sicily t: it
is at once distinguished by having two horn-like osseous
appendages on the head, resembling horns; while its
affinity to Adlopias is manifested by its oblique, unequal,
but very long tail. All the foregoing types have an
anal fin, and the two dorsal fins are soft ; but in Dala-
tias nocturnus of Rafinesque, which he distinetly asserts
has no spiracle, the anal fin is wanting, and the two
dorsal fins are spined. It has been thought by Cuvier,
that the spiracles of this fish have been overlooked, and
that it is, in reality, a species of Spinax ; but we see no
good reason . for this belief, and a strong one against

* Figured in Yarrell, vol. ii. p. 379,
1 Cerictens macrourus, Raff Caratt. p. 12.
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it. The habits of the fish, which Rafinesque particu-
larly mentions, show that it is a nocturnal feeder ; and
it therefore becomes highly probable that it possesses a
membrana nictitans, similar to all the groups we have
hitherto noticed ; whereas both Spinar and Centrina,
according to Muller and Henle, have not that appendage
to the eye. At all events, we must not believe an author
is invariably wrong, merely because he may have com-
mitted occasional errors; for if we proceed on such a
principle, who is exempt? We shall, therefore, retain
the genus Dalatias, untilit is proved false; restricting it
alone to the D. nocturnus, and viewing it, for the pre-
sent, as the representation of the spiny-finned group of
Centrine, in the family of spiraculated sharks, to which,
in every thing but the absence of spiracles, it seems to
agree,

(123.) The genus Selachus Cuv. is the third of the
Squaline. It has several strongly-marked characters,
and appears altogether a very natural one. Unlike all
the preceding, the teeth of these sharks are conie, sim-
ple, and generally small ; that is, not serrated or lobed.
The tail, which in all the preceding genera has been
unequally lobed, now assumes the more regular appear-
ance of ordinary fishes ; its form is lunate, the two lobes
being nearly equal. The third character is to be found
in the extraordinary size of the branchial apertures,
which are so large as nearly to extend half way round
the neck. These characters are developed in the sub-
genera Tsurus, Selachus, and Lamna t, the first of which
appears the true type of the group. We have now
arrived, however, at that extremity of the Squaline

* Oxyrrhing Agass. evidently belongs to this group, so remarkably dis-
tinguished by its teeth ; but I look upon it as not sufticiently distinet from
Lamna to allow of sub-generic separation. Carcharodon, formed on one
gpecies, s unknown to me.

+ It would appear, according to Dr. Smith, that Cuvier has overlooked
the spiracles of his genus Lamna, which Idr. Smith says are present in
that group, although extremely small. There is thus as much uncertainty
regarding one of M. Cuvier’s genera, as in the Dalatias nocturnus of Rafi-
nesyue,  May not Dr, Smith have mistaken some of the numerous pores,
placed on the head of certain Lawmew, for true spiracles ? We have no
means, at this moment, of settling this disputed point.
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which blends into the next sub-family of Centrine, and
we are consequently prepared to expect that the chief
characters of the two groups also blend into each other:
in this expectation we are not disappointed, for we find
that the presence or absence of spiracles now becomes
quite a secondary character. In the true type, which
is probably Isurus, there are no spiracles; but in Lamna
they first appear (perhaps not in all the species*) to be
minute ; and in Selachus we still find them very small.
In all these, however, we see the three primary charac-
ters already noticed. Jsurus, however, stands promi-
nently forward as a most remarkable type, having the
snout so lengthened and pointed as to be a representative
of Pristis: in Lamna, the snout, although notlengthened,
is still pointed and conic ; and even in Selachus, the muz-
zle, according to Cuvier, projects far beyond the mouth.
What other sub-genera enter into this group, we know
not ; but it is quite clear that we have now a passage
opened to the spiracled sharks. Before, however, we
quit this division, we may advert to another form,
which seems entitled to be viewed in the light of a
generic type ; for, although only one species is yet
known, its form is so remarkable, and so different from
all others, that it must either be placed with the Squatine,
or stand as the most aberrant genus in the present as-
semblage. We allude to Rineodon of Dr. Smith, having
all the characters, as it would appear ¥, of Selachus, but
with the ‘mouth on the top of the snout.  As this struc-
ture is totally at variance with that of the ordinary
sharks, excepting Crossorhinus and Cestracion, we may
fairly conclude, from the location that has been assigned
to it, that it has a relation both to those and to Squatina.
In the Crossorhinus lobatus M. and H.( fig. 15.)orWatts's
shark, the mouth is also terminal, but the sides are fur-
nished with broad cirri, or lobes. This singular fish

* This supposition is highly probable, and will at once reconcile the oppo-
gite statemnents of Cuvier and Dr. Smith,
1+ Mag. of Nat. Hist, No, xiii, p.37. second series.
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certainly does not belong to the Squatine, or even to
the same genus, strictly so termed, as Dr. Smith’s
Rineodon ; for the teeth are large, acute, and seem more
to resemble those of our Squalus; both of the dorsal

fins are placed behind the ventral ; the tail is long; the
caudal fin unequally and irregularly lobed: it only
agrees with Rineodon in its terminal mouth, and the
situation of the branchial openings, which appear very
large, and are all placed before the pectoral fin. Whe-
ther this singular fish naturally intervenes between the
Zyganine and Pristis, or whether it is the most aber-
rant type of the Squaline (in which case it would
represent Squatine and Rineodon), are questions which,
in the present confused state of this family, cannot be
determined. )

(124.) We now enter on the sub-family of Cen-
TRINE, or spiracled sharks, to which we are conducted,
as before observed, by the sub-genus Selachus, which has
the general structure of Lamna, with the spiracles suf-
ficiently large to become obvious, zlthough, when com-
pared to the sharks now before us, they still remain
very small.

(125.) The first genus we shall notice in the line
of affinity is Seyllium (8. eanicula, fig. 16.), which,

although agreeing with Lamna in its obtuse and pyra-
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midical snout, and somewhat in its teeth, is at once dis-
tinguished from that sub-genus by its lengthened and
unequally lobed tail, which has the same form as in the
generality of sharks ; like them, also, it has two sof
dorsal, and one anal fin., The long snout seen in JFsu-
rus, appears to be, in some measure, continued in one
of the sub-genera (Pristiurus Bon.) which authors
have placed under Seyllium. These smaller divisions
have been chiefly formed upon the different positions of
the dorsal fins, and other minor characters, which, how-
ever important and interesting they may be thought, do
not appear to us, taken by themselves, to lead to any
clear notion on the natural sub-generic types of the
group before us. As we shall notice them in our
synopsis, we need not, in this place, detail their technical
characters.

(126.) The genus Galeus has an obvious and close
affinity to that of Seyllium. They are almost exact pro-
totypes of the true sharks, except in wanting the tem-
poral spiracles: all the teeth are flat and sharp ; but
they vary so much in their minor modifications, that
Muller and Henle have divided this group into four
sub-genera, viz. Galeocerdo and Galeus, where the
teeth are serrated (2 species); Lowodon, having no
serratures (1 species) ; and Triachis, with the teeth
pointed, as in Seyllium, and without a dimple at the
tail (1 species). The value of these distinctions will
no doubt appear more definite, when the learned and
able ichthyologists who have propoesed them, publish
their views more in detail: until then we feel incom-
petent to arrive at any conclusion on the subject.

(127.) The third genus, Centrina, is much more
definite than the two last, and seems to be the most
natural in the present sub-family. It is composed of
all those spiracled sharks which have a spine placed
before each of their dorsal fins, while the anal fin is
entirely wanting: hence it differs from every other
group in this sub-family. But this structure is net
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reached abruptly : there are some which, by having no
spines, evince an affinity to Galeus; while, from being
destitute of an anal fin, they come within the confines
of the present group: these form Cuvier'’s sub-genus
Seymnus, which we shall, at least for the present, keep
entire, since the divisions that have been made of it
appear to us* too slightly marked for even sub-generic
separation ; more especially as there are evidently five
divisions, with much more prominent characters, enter-
ing into this genus. Seymnus seems to represent Se-
lachus in some particulars well worth noticing. To
Dr. Scoresby we are indebted for all the knowledge we
possess of the habits of S, borealis, an immense species,
observed by that well-known navigator and philosopher
in the Arctic seas. According to his observations, it
often grows to the length of fourteen feet, and six or
eight feet in circumference. Its chief food is derived
from dead whales and other Cetacea, out of which, at a
single gripe, it scoops masses of blubber as large as a
man'’s head : hence it is, that when, on such occasions,
any sailors may be in the water engaged in securing the
whale, this shark is so intent upon claiming his portion,
that he offers no molestation to the fishermen ; indeed,
he is so ravenously fond of blubber, that he has been
known to return to the carcase, even after a long knife
has been run into his body by the seamen engaged in
cutting up the whale. The slight variation in the teeth
of those species which we place in this sub-genus, seems
to mark the transition from the last genus. In Galeus,
the teeth in both jaws are serrated on the external edge,
and inclined outwards ; but in Seymnus, the upper teeth
are straight and narrow, while those in the lower jaw are
crooked, pyramidal, and equilateral: between these,
however, are species having the upper teeth of Seymnus,
and the lower ones of Galeus. From Scymnus we pass
to one of the typical genera, both of which have the
dorsal fins spined: the first is Centrina, which, as

* Laecmargus M. and H., Echinarrhinus Blainv,
YOL, I. L



146 CLASSIFICATION OF FISHES.

Cuvier observes, has all the characters of Scymnus, but
with the addition of spines, The most common ex-
ample of this type is the Squalus centrina of Linnzus,
— a large, thick-shaped fish, having the spines not placed
in front of the dorsal fins, but partly concealed in the
skin which covers them : the anterior spine points for-
ward, but the posterior is directed backward, and the
tips of both are alone naked: the last dorsal fin is
placed over the ventral ; and the tail is remarkably
short. We exclude from this sub-genus the Squalus
spinosus and squamosus of authors, the last of which
appears to us the true type of the sub-genus Centropho-
rus of Muller and Henle, the distinctive and most
striking characteristic of which is the body being covered
with hard carinated scales. The sub-genus Somnolentus
of Le Sueur seems to unite this singular form with
Seymnus, of which we consider it only as an aberrant
species. The fourth sub-genus, following Centrina, is
Spinax Cuv.®, where we have again the ordinary form
of the sharks, but with each of the dorsal spines placed
in front of the fins: the snout is rather lengthened, the
tail long and unequal, and the teeth are small and cutting.
The most familiar and typical example of this group is
the Spinax acanthias, or picked dog-fish of our own seas,
of which Mr. Couch has recently given us an interest-
ing account.f It seems to be the most abundant of all
the sharks found on the western coasts, where it is
sometimes seen in incalculable numbers, to the no small
annoyance of the fishermen, whose hooks they cut from
the lines in rapid succession. One of its modes of de-
fence is very singular, and is effected by bending itself
in the form of a bow, for the purpose of wounding
with its spines ; and then, by a sudden motion, it causes
them to spring asunder in opposite directions : so aceu-
rately is this effected, that if a finger be placed on its

* Tt appears to me that the sub-genus Adcanthias Bonap, is the true type
of Spinar, and that the single one to which Cuvier's original name is
thus restricted, is but an aberrant species of Spinazr.

+ Inserted in Yarrell’s British Fishes, vol. il p. 401.




CENTRINE.— CESTRACION. ' 147

head, it will strike it, without piercing its own skin.
Its greatest size, however, seldom exceeds two feet. We
cannot subseribe to the supposition of M. Cuvier, that
Etmopterus aculeatus Raf.* is.a typical example of
this genus ; for we know that the descriptions of this
author, as before remarked, were never taken from dried
specimens. The fifth of the most prominent divisions
of the spine-finned sharks is the sub-genus Cestracion
Cuv., which we have not yet seen. According to Mul-
ler and Henle, however, it has a prickle before each
dorsal fin; a fact established by the figure given of the
Cest. Phillippii by Lesson ( fig. 17.), although not men-

tioned, and perhaps overlooked, by Cuvier ; which is
somewhat singular, as he himself originally defined the
genus.t In addition to this, the teeth are tesselated,
—those on the anterior rows alone, being small and
pointed ; while the mouth, unlike all the other sub-
genera of Centrina, is terminal, or at the extremity of
the pointed muzzle. The Cest. Phillippii is the only
species yet discovered : it is very rare, and inhabits the
coast of Australasia. It is not only analogous to

* “ Flmopterus aculeafus. All the fins and tail as if laciniated ; the
dorsal fins with a defached spine before each; the posterior one almost
opposite the anal. — This is the smallest of all the sharks I have seen in
Sicily, for it scarcely exceeds a foot in length, and is the only one not
eaten. The fishermen distinguish it by the name of Diavolucchio de mari,
or little sea-devil. The snout iz obtuse ; the nostrils are furnished with an
appendage ; the teeth small and acute ; the tail unequal and oblique ; and the
branchial apertures only three."—Raf. Caratl. p. 14 The Squalus uyatus
Raf., as Cuvier observes, is obviously a Spinaz, but seems to me to differ
from our northern Spinar acanthins,

+ With such conflicting statements as to simple matters of fact, as those
we have just been obliged to notice, it is almost impossible to determine
the limits of any one natural genus, or even of rigorously determining any
one point in the natural arrangement of this family.

L 2
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Squatina, Crossorhinus, &c., by the mouth being ter-
minal, and the eyes vertical, but still further resembles
the first, in the lobes of the tail being nearly equal ; so
that there can be but little doubt of its being the chi=
ronectiform type of the circle of spine-finned sharks.
The front view of the head, as delineated in M. Les-
son's Atlas, gives the lateral ridges or elongated lobes an
appearance of horns ; but this merely results from the
peculiar position in which the head is drawn,

(128.) The genus Mustelus is the fourth of this sub-
family ; and although, in its general form, it has a close
resemblance to Galeus, it,is yet distinguished from all
the other spiraculated sharks by having the teeth flat and
tessellated, like the rays and the genus Pristis : it is on
his accountt that we consider Mustelus as the represent-
ative of a genus connected, in the most perfect manner,
with that of Centrina, through the medium of Cestracion,
which unites in itself the chief characters of both,
Joined to a peculiarity of its own.

(129.) Regarding the fifth primary group of the
Centrine, much uncertainty prevails, on account of the
conflicting opinions of Rafinesque and Cuvier as to the
question whether Heptranchias has no spiracles, or
whether they really do exist, as asserted by the latter.
It is clear, however, that even if Lacepede, rather than
Rafinesque, is in error on this point, and that Heptran-
chias is but a sub.genus of Hexanchias, the latter name
has the priority over Cuvier's Nofidanus,~having been
published seven years before.® Leaving, therefore, the
presence or absence of spiracles in Heptranchias to be
determined hereafter, we may state that the genus
Hexanchus is distinguished by having no second dorsal
fin, and that it seems to contain two sub-genera: Hex-
anchus proper, having a depressed and rounded muzzle,
and six wide branchial apertures ; and Heptranchias,

# [f there is an error in attributing no spiracles to the sub-genus Hep-
¢ranchias, that error belongs to Lacepede, and not to Rafinesque, who
founds his generic characters entirely upon Lacepede’s account of his

Squale perion (Hist. des Poissons, p. 22(.), without having seen the species
himself, whi¢h he dees not describe.
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where the muzzle is pointed, as in Lamna, while the
branchial apertures, equally large, amount to seven: the
caudal fin, in both, is oblique and unequal.

(130.) We may here close our enumeration of the
most prominent variations in this extensive family ;
and we shall now take a retrospective view of the
whole. It has been our endeavour, with the imper-
fect and often contradictory materials before us, to
trace, in some degree, the real line of continuity, and
the manner in which the different forms blend into
each other. Some of these affinities are much more
obvious than others ; but as even these latter require to
be tested by the theory of analogy, we must now turn to
this sort of relationship as essentially necessary to give
some degree of verisimilitude to our arrangement of the
Squalide, no less than that of the whole order. We
shall, in the first place, arrange the orders of fishes in one
column, and the families of the Cartilagines in another,
and then see how far the contents of each are analogous
in their most prominent characters.

FE:E':'I:?;:E:&IE. Analogies. Orders of Fisnes.
Raide. Back armed with spines. ACANTHOPTERYGES.
Squalide. Back with soft fins. MALACOPTERYGES.
Polyodonide, Pre-eminently cartilaginous. CARTILAGINES,
Sturionide, Bodymailed ; mouth very small. PLECTOGNATHES.
Chimeride. Tail excessively lengthened. APODAL.

(131.) Before the naturalist enters upon the investiga.
tion of these comparisons, we beg to remind him of one
important consideration, that must always be borne in
mind in all investigations of this nature, namely, that we
are to look only to the pre-eminently typical characters
of each group, and not to the exceptions which always,
and inevitably, occur in those which are aberrant. It
is no more meant, for instance, that all the rays are
armed with stings, than that all the Aecanthopteryges have
spined dorsals : here the absence of spines is the excep-
tion to the general character, just as their presence is the
exception among the Squalide and the Malacopteryges,

L 3
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We have illustrated this position so fully in the two most
perfect classes of vertebrated animals, and more especially
among birds, that it appears hardly necessary to touch
upon the subject in this place ; but as this volume will,
doubtless, be perused by many ichthyologists who have
not turned their attention to ornithology, it seems ne
cessary to explain to them the leading principle upon
which we universally proceed in analogical comparisons,
and upon which the essence of our theory depends. True
it is, that there are sharks with spined dorsal fins ; and
this fact would appear to invalidate the character we have
given to the family ; but it will be seen that these spined
sharks are not the most typical, and therefore they are
not taken into the account at present: the same may be
said of such as, from being covered with spines, are
analogous to the sturgeons and the cheloniform fishes.
In explanation of all which we may observe, that these
minor variations, belonging only to aberrant forms, are
to be explained by this simple law of nature,—that every
circular group, whether large or small, contains within
itself representations of all other groups; so that if,
among the sharks, there were none with spined rays,
there would be no representation of the order Acanthop-
teryges, and (unless other analogies to that order existed)
the sharks would be an imperfect circle. We hope the
experienced zoologist, to whom all this is well known,
will excuse our again explaining these views to the ge-
neral student, and we shall now proceed to the compari-
son above intimated.

(132.) The most typical forms of the rays, as will
subsequently appear, are those whose backs are pro-
vided with a formidable spine, usually, although im-
properly, denominated a sting. This weapon is placed,
indeed, upon the tail, generally near its base ; but so also
is the first dorsal fin in several types of the sharks; se
that it becomes no more nor less than are presentation
of the ‘first or spinous dorsal fin of acanthopterygious
fishes. It may be here observed, that some of the rays
have two spines, analogous to the two dorsal fins of
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the Acanthopteryges. That the rays also are the most
typical of the whole order, may be inferred from two
circumstances. Of all the Cartilagines, they have
the broadest snouts, just as the fissirostral or natatorial
types, among birds, have the broadest bills; while the
peculiar form of their body, which may be said to be
surrounded with two immense fins, must give them a
greater celerity of swimming than is enjoyed by all
their congeners. Such is exactly the case with the fissi-
rostral and natatorial birds, of which the swallow, the
goat-sucker, the albatross, and the Taehypetes are familiar
examples — well known to every ornithologist — where,
as in the rays, the organs of flight considerably exceed
the size of the body. There can be no doubt, therefore,
that these analogies are founded in that law of repre-
sentation, which assimilates all these groups to one of
the primary types of the animal creation. If the rays,
therefore, represent the Acanthopteryges, the Squa-
lide, by which they are immediately followed, must
bear a corresponding relation to the sub-typical order of
fishes ; the chief character of both consisting in their
having the fins soft. The genus Centrinus, indeed, is
furnished with spines : but it is clear, even upon the
bare opinion of Cuvier, that this genus is not typical of
the sharks ; that station being assigned by him to the
Squalus carcharias, and its allies, to which we have re-
tained the original patronymic name of Squalus. The
Squalide, therefore, by following the rays, become the
sub-typical family of the cartilaginous order ; and this
analogy at once explains the relation they bear to the
Fere among, quadrupeds, and the Raptores among
birds. Like these, their representatives, they are pro-
verbially the tigers and panthers of the ocean ; and fre-
quently carry upon them, as it were, the very spots and
markings of those ferocious beasts, as if Nature was de-
termined to make her analogies plain, whether they were
studied or not. These relations of the two chief groups
being thus established, we must be satisfied if those that
are aberrant are less determinate ; because, as the forms
L 4
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contained in the order before us are very few, our ma-
terials for comparison are as 1 to 10 less numerous ;
and yet, upon study and reflection, we shall find that
the same train of analogies can be traced, although,
perhaps, they may appear to some less perfect than in
the instances already explained. But to proceed : —
(133.) It will be seen that the genus Polyodon, which
represents a family, stands opposite to the Chondropte-
ryges, or cartilaginous order. We place this genus close
to the sharks ; M. Cuvier does the same ; and, therefore,
the scruples of those who form their opinions on previous
authority will not be disturbed. But it may be im-
mediately asked, how can Polyodon, which departs in
so many points from the cartilaginous structure, be, at
the same time, a typical representation of that order?
To answer thig, we shall cite an accidental remark of
M. Cuvier's, which, in our opinion, at least, is quite
conclusive. In speaking of the Polyodon, he remarks,
that the spinal column merely consists of one entire
piece, like the lamprey. Now, as one of the greatest
characteristics of the order before us is to have the
spinal column cartilaginous, and less developed than in
any other order, so it results, that the most imperfect
fish, in this respect, among the whole of the known
Chondropteryges, is the Polyodon, which thus represents
them in its own cirele. Did this peculiar construction
constitute the only character of the order, then, indeed,
Polyodon would stand at the head, and occupy that sta-
tion we have given to the rays: but this is not the
case, either in nature or in any system. Polyodon
has an enormous gill-cover, with a large branchial aper-
ture, nearly similar to the gemerality of fishes ; it is,
besides, furnished with an air-bladder ; and thus nearly all
other parts of its structure are directly opposed to the
idea of placing it at the head of the cartilaginous fishes,
merely on the strength of having one of their characters
uncommonly developed : thus, also, we see that every
fact regarding the anatomy of an animal, however bare
and barren it may appear, at first, of ulterior interest,
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may yet become of the greatest importance in our en-
deavours to ‘determine the different relations which
subsist between animals, whether by affinity or analogy.

(184.) Our next comparison is between the stur-
geons and the cheloniform fishes, or, in other words, the
Sturionide and the Plectognathes of Cuvier. This
analogy will not detain us; for the very aspect of the
two is quite sufficient to show us we are following in
the right track. The types of both are incased, as it
were, in armour ; the head and body being defended by
large bony plates, which either compactly join at their
sutures, as in Tetraodon, or assume the form and sub-
stance of little targets or shields having a sharp central
spine ; the mouth, in both groups, is very small ; and
the absence of true teeth in both is supplied by an acute
elongation of the jaws. This latter character, which is
one of the primary distinctions of the cheloniform fishes,
is found still more developed in the next type of the
cartilaginous order ; and this at once brings us to the
only remaining analogy, namely, that between Chimera
and the apodal or anguilliform fishes. Now, it may be
observed, that throughout the whole of the cartilaginous
groups which we have yet noticed, there is not one
which gives us any idea of that slender and attenuated
form which belongs to the eels among fish, and to the
serpents among reptiles ; and yet in the Chimera we
actually see a fish having the fore part of a shark, and
the tail, or hinder part, of an eel. Thus does Nature
combine her primary forms : and yet, that analogy should
preserve a due subordination to affinity, the primary
characters, as well as the whole aspect, of these singular
shaped fishes, are decidedly those of the true Cartila-
gines, yet so modified as to point out its relations to
other groups. Of all the cartilaginous fishes yet dis-
covered, the Chimere are those only that have the
second dorsal fin very narrow, excessively long, and
gradually tapering to the point of the tail ; being all but
united to the caudal fin. This latter character, as is
well known, pervades the whole of the anguilliform
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fishes ; and both agree in having only one small external
branchial opening. The other peculiarities of Chimera
relate to its three affinities — on one side to Acipenser,
on another to the Raide, and on a third to the Plecto-
gnathes, — all of which will be noticed in their proper
place.

(135.) Such are the analogies, resulting from our
following closely the line of affinity, and upon which
we rest our belief that the five types of the cartilaginous
order represent the five great divisions of the class
Pisces : but on a question of such paramount importance
to the philosophic naturalist, it appears necessary to take
a still wider range ; and, by looking to the whole circle
of vertebrated animals, endeavour to test the correctness
of this series by bringing it into comparison with the
great groups of the Fertebrata. The resemblances, of
course, will be far more remote, because the dissimilar-
ities are immeasurably greater ; but yet, if our arrange-
ment is true to nature, these resemblances, however
faint some may. think them, must not only exist in part,
but must follow each other in an harmonious and defi-
nite order. Placing, therefore, the contents of both
groups in separate columns, we shall find some of the
analogies both curious and interesting.

Analogies of the VerTEBrATA and the Cartilaginous

Fishes.

Circle of the CroN- : Cirele of the

DROPTERYGES. Analogies. VERTEBRATA.

;: Partaking most of all tothe struc- :
Emhdf‘ ture of the Cefaces. Viviparous, } QUADRUPEDS.
1 Pectoral fins assuming the form ]
Ratde. { of wings. All oviparous. }an:,.
Posterior part of the body, or the
Chimaeride. { tail, gradually attenuated and} REPTILES.
pointed.

Sturionide. {M:f:c?xn%g;;ﬂ I:Eﬁ]; raepecilye } AMPHIBIA.
Polyodonide. { G.tlilrfaﬁirg.ng verylarge ; gills peﬁ-} Piici

(186.) The following points of analogy do not admit
of much illustration, seeing that they are remote ; and
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yet it is most extraordinary to observe the perfect regu-
larity with which they follow each other. Every zoologist
will confess the likeness between the sharks and the por-
poises, even in their external appearance : and while no
fish make such a near approach to quadrupeds as the
sharks, no quadrupeds more resemble true fish than the
Cetacea : this, of itself, is a fact so far beyond dispute,
that we may at once pass on to the next analogy. The
enormous pectoral fins of the rays, and the remarkably
small size of the others, which are nearly obsolete, in-
contestibly prove that in them is concentrated nearly
all the powers of locomotion, and accounts at once for
the excessive rapidity with which they swim: this is
precisely the case with birds ; whose wings correspond
anatomically with the pectoral fins of fishes. The
very appearance of some of the rays shows that nature
intended to make them represent the feathered class ;
and this analogy is so apparent to ordinary observers,
that several have acquired the name of sea eagles, eagle
rays, &c. As the eels obviously represent the serpents,
so do the Chimeride represent the reptiles, the pri-
mary external character of which consists in the tail
being excessively lengthened, and gradually ending in a
point. The Chimeride are the only cartilaginous fishes
yet discovered, that have a tail thus formed ; and they
cannot, therefore, be likened to any of the vertebrated
divisions, excepting the reptiles. The analogy between
the sturgeons and the Amphibia is not only faint, but
even obscure. But this may be easily accounted for
in two ways: first, it is an indisputable fact that the
analogies between two groups of animals thus com-
pared, are almost always weakest between their most
aberrant types ; and secondly, because, when there are so
few species in a group, as in the Sturionide, we have
not the same facilities or materials for determining its
analogies, as when it is more numerous : the points of
comparison, in short, are few ; and setting aside the
ignorance under which we may labour, we must, in
all such cases, rest satisfied, if what is really known does
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not militate against our other analogies. So far, how-
.ever, is this from being true in the present instance,
that we actually find the Sturionide coming opposite
to the Amphibia, when we bring the circles of the
Vertebrata and the Cartilagines together: there are
even some considerations which strengthen the analogy
thus inferred. The sturgeons, like the Amphibia, have
no true teeth, and they live in two distinct modifications
of the same element,— that is, both in salt and fresh
water. The simple fact, however, of their standing in
the order of affinity (for this is the primary consi-
deration) between the Chimeride and the Polyodonide,
and that the Amphibia hold the same rank between the
reptiles and the fishes, is a sufficient argument that they
represent each other, although we are not prepared to
state the true manner in which this law of nature is
effected, We now come to the Polyodonide and the class
Pisces. We are to inquire under what view we may
consider the former as a representation of the latter : it
is not sufficient to say that Polyodon is a fish, because
so are all the Cartilagines. Now, if the question was
asked, What are the most prominent characteristics of
the typical orders, independent of their general form ?
the answer would be, that such fish possessed free
laminated gills, with a large and unconfined branchial
opening. These, then, are the very characteristics of
Polyodon ; and as they are found in no other type of the
cartilaginous circle, it follows that this division, more
than any other we have noticed, gives us the best repre-
sentation of the ordinary and typical structure of the
class Pisces,

(187.) We have had frequent occasion to remark,
while tracing the analogies among quadrupeds and
birds, that, to illustrate all the peculiarities of an animal,
one table of comparisons is not sufficient : many others
would then remain ; and we can only explain these by
instituting other comparisons, and applying further tests
to the accuracy of our theories. Now, the aberrant
groups of the order before us particularly require his,
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especially Polyodon and Chimera, of which nothing
that we have yet said relates to the enormous flattened
snout of the first, or the lobe-shaped crest of the last.
We shall, therefore, now exhibit the analogies of the
cartilaginous types in a mew light, by bringing them
into contact with the primary orders of birds.

Familiesofthe §

CHONDROPTERYGES Analogics. Orders of Bixs.
Squalide. Pre-eminently rapacious. RAPTORES.
Raide. Typical of their respective circles. INCESSORES.

- . Males with crests or frontal a;l-}
Chimeride. { pendages. RasoREs.
Sturionide. Mouth very small. (RALLATORES.

Polyodonide. Snout or bill excessively broad.  NaTATORES.

(188.) The two first set of analogies are so obvious,
that every naturalist will at once perceive them. It
follows, indeed, as a necessary consequence, that if the
sharks represent the beasts of prey, they also represent
the rapacious order of birds ; and that if the Raide are
typical of birds, they must bear the same relation to
that group which is the most perfect among birds.
The rasorial type of form, already so much enlarged
upon in former volumes, is eminently distinguished
from all others by the heads of one or both sexes being
ornamented or defended by unusual appendages, which
among quadrupeds take the shape of horns, and in
birds that of crests. The Chimara borealis exhibits an
appendage perfectly analogous to this, in the singular
fleshy caruncle or lobe which surmounts its snout,
the end of which is beset with numerous short prickles ;
while the tail, as in all rasorial types of the Vertebrata,
is highly and singularly developed. Thus we have,
among fishes, a structure perfectly analogous to the
rasorial order of birds, and to the ruminating order of
quadrupeds ; and as the types of the rasorial birds (the
family of peacocks) are among the most splendid
coloured of the class, so Chimera is the only group
among the cartilaginous fishes whose colours have any
degree of brilliancy. The difficulties attending the
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analogies of the Sturionide have been already stated ,
but we may remark, that the smallness of their mouths
is in complete accordance with that structure which is
one of the most marked peculiarities of the Grallatores,
or wading birds ; while the order Edentafes, among
quadrupeds, — the types of which have their bodies co-
vered with bony scales like the sturgeons, — is an indireet
proof in support of the opinion that all are repre-
sentatives of each other. Lastly, the Polyodonide, and
the natatorial type of birds, are those only which have
the snout or bill excessively broad and uncommonly
Hattened. That Polyodon,, therefore, is the natatorial
and, consequently, the fissirostral type of the cartilaginous
circle, cannot be doubted, because its snout is much
longer and broader than in any other fish yet disco-
vered ; and we thus get an explanation why, in a group
which is collectively a natatorial type, it should yet
have one of the peculiarities of that type so pre-
eminently conspicuous.

(130.) To trace the analogies of the cartilaginous
families further, might weary the reader, and may be
thought unnecessary by the naturalist ; seeing that all
the peculiarities of the two most singular forms in the
group, Polyodon and Chimera, turn out to be in per-
fect accordance with those ordinary laws of variation
which nature adheres to in other divisions of the ver-
tebrated animals, and which we hope to trace hereafter
in the annulose circle, There can be no doubt that
innumerable analogies, equally strong, exist between
them and their representatives among the osseous fishes,
which may hereafter add additional force to what has
just been elucidated.

(140.) The analogical relations of the primary divi-
sions of the order being now disposed of, we shall again
revert to the family of Squalide, for the purpose of
ascertaining whether the same system of representation
can be traced in its sub-families. In endeavouring to
determine these latter, it will be remembered that we
have noticed them in the following order: Zyganine,
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Squaline, Centrine, Pristis, and Squatina or Crosso~
rhinus; the first and the two last forming the aberrant
group, while the second and third are considered as the
typical and the sub-typical. Let us place these in one
column, and the primary divisions of the Cartilagines
in another, and then trace their analogies,

Analogies of the Squarip® to the CARTILAGINES.

Sub.families
of the SQUALIDE.

Families of the

Analogical Characiers. AR ILAGIN B

Squaline. Dorsal fins generally without spines. SQUALIDE.
Cendri, One acute spine on the first or se-
i) |t cond dorsal fins. }HMDE.

L Snout produced, armed with prickles}
Pristine. or spines. CHIMBRIDE.
Crossorhine. Mouth furnished with cirri. STURIONIDE,
Zymanine. Head or snout excessively broad. PoLvonoxNins,

(141.) There is a somewhat intricate point, which the
last table brings more immediately before us, upon
which we must here say a few words. In the present
infant state of philosophic ichthyology, it is not likely
to claim that attention it will hereafter most assuredly
receive ; but we shall now advert to it, to show it has
not escaped our observation. This point regards the
rank of pre-eminence among the Squalide. It may be
argued, that if the Raide are typical of the order
Cartilagines, then it would seem to follow that the
Centrine, which clearly represent them, are also typical
of the Squalide: both are distinguished by their spined
backs, which make them also analogous to the Aecon-
thopteryges, the most typical of all the fishes. By re-
garding the Centrine, therefore, in this light, we give to
all the groups we have just named one and the same
rank ; that is, of being the pre-eminent types of their
own circles : nor does there appear any great objection to
this, if we only look to the groups just noticed. But
how would the case then stand, regarding the analogy
between the rays and birds ? for the latter are most cer-
tainly not the pre-eminent types of the Pertebrata, and
therefore the rank of these two would still remain dif-
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ferent ; that is, the rays would be a typical, and the
birds a sub-typical, group. This latter denomination, as
applied to the class Awes, is so unquestionable, that it
must remain undisturbed.  Analogy must always be
made subservient to affinity ; and as this very transport-
ation of the two typical groups has been frequently
observed in ornithology, we must leave it to time, and
a better acquaintance with the theory of variation, to
clear up a question so beset with difficulties.

(142.) The analogies of the two first groups in each
of these columns are, of course, only applicable to the
typical examples of each y while the only exception to
the whole of the Syualine being destitute of spines,
rests on the question whether the Dalatias nocturnus
of Rafinesque has been correctly described as without
spiracles : should this really be an error, then this sup-
posed genus must be abolished, and the above-named
fish will become, as Cuvier conjectures, a species belong-
ing to the Centrine. This question, however, is of no
importance to our present purpose, for we are looking to
large assemblages, not to the peculiarities of the sub-
genera: besides, it is quite clear that, even if some of
the sharks without spiracles have spinous fins, the
greater portion have not; while, as the majority
of those with spiracles also possess spines, this latter
character becomes one of their typical distinctions. In
this manner, the Centrine will, of course, represent the
rays. Now, the nearest approach which is made by the
sharks to the saw-fish, seems to beby the genus Mustelus,
because it has, like Pristis and the rays, tesselated teeth ;
hence we have supposed that they are united by affinity,
although there appears an hiatus between Mustelus and
Pristis, which nothing yet known is calculated to fill
up. Whether we are correct in this supposition, time
only will show. The analogy of Pristis to the Chimerine
is manifested by the tooth-like processes of their snouts;
those in Pristis assuming the form of teeth, those of
Chimeera prickles. It might be thought, indeed, that
Pristis was more analogous to Polyodon, because the
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only remarkable difference between their snouts consists
in the one having bony or tooth-like processes, while
that of the other is smooth : but this differenceis a very
important one, because no fissirostral or aquatic types,
whether among birds or quadrupeds, have the snout
horned.* The spined processes, therefore, of Pristis,
placed on the snout, are completely analogous to the
horns of ruminating quadrupeds, and to the prickles
on the prolonged frontal lobe of Chimera; and both re-
present, however imperfectly or obscurely — for how
could it be otherwise ? — the rasorial birds, and the
ungulated quadrupeds. Between Crossorhinus, Squatina,
and the Sturionide, the analogy is very slight; since
the only resemblance to be traced between them, at
present, is their mutual possession of cirri, or fleshy
barbs, round their mouths. We should almost have he-
sitated — indeed still hesitate — in definitely placing
Squatine among the sharks; because it seems to have, in
its general aspect, as already observed, a much nearer
affinity to the rays. Lastly, we come to the resemblance
between the Zyganide and the Polyodonide, which
agree in this one fact,—that both have the broadest heads
or snouts of all the groups we have been comparing.
The forms of the two fishes are certainly dissimilar ;
because the snout of Polyodon is, although very wide,
more remarkable for its length ; while that of the
hammer-headed sharks is very short and obtuse, yet
excessively wide. It is clear, however, that, as both are
fissirostral types, they represent each other; although we
by no means feel confident that the precise situation we
have assigned to the Zyganide is the correct one.
(143.) The peculiar difficulties, already adverted to,
in our attempt to arrange the sub-families of Squaline
and Centrine in their natural series, and to designate
their primary divisions or genera, bring with it corre-
sponding difficulty and uncertainty in attempting to trac-

* The Ceratodon ( Monodon monoceres), although in the aquatic order
of Mammalia, is but a representation of the rasorial or ruminating type
among the Delphinidae, or porpoises.

VOL. 1. M
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their internal analogies. Some of the more recently cha-
racterised forms we have not personally examined, and
others are not now before us, so that we had almost de-
termined not to have prosecuted our analogical views
further than to the sub-families: but this might have
given an impression to some few of our naturalists, that
the theory could not be carried further, and that we de-
serted our former declaration, that every group, whether
Jarge or small, if natural, would contain representations
of all others. To show, therefore, that, even in our
present dilemma, there is some ground for this asser-
tion —so fully demonstrated already in the class of
birds — we shall make the a.ttempt If one or two of
these analogies carry with them an appearance of truth,
our principle, substantially, is gained ; while, for the
rest, if we are in error, these very errors will serve as
land-marks to others, and elicit that additional inform-
ation which is absolutely essential before we can hope to
work out the internal affinities and analogies of the great
number of forms comprised in the sub-families Squaline
and Centrine.

Analogies of the Squaring and the CENTRINE.

Genera of the Genera of the

Distinctive and analogical

SQUALINE ; SOt CENTRINE;

no syirzwle.';. Characters. with spiracles.
Sgqualus Linn. Typical of their respective groups.  Centrina Cuv.
Dalatins Raf. Spines to the dorzal ; no ventral fin. Galeuws Raf.

Snout or muzzle excessively lﬂng‘,} :

projecting beyond the mouth, Scyllfum Cuv.

Mouth at the end of the muzzle:
eyes vertical.

The second dorsal fin opposite the
anal : the two last branchial

Seotiodon M. H. upl-::nmgs placed above the pecto- » Musielus Cuv.

ral fin : teeth the same in both
L jaws.

Tanrus Raf,

Rineodon Smith } Cestracion Cuv.

(144.) It will tend much to elucidate the above table,
if we first of all briefly recapitulate the reasons that have
induced us to arrange these two series in the order in
which they now stand; so that, before entering on an
explanation of the analogies they bear to each other, we
shall take a hasty glance at the affinities of the genera




ANALOGIES, — SQUALINAE AND CENTRINE. 163

respectively placed in each column. We must first,
however, remind the naturalist, that the groups in these
columns are what we consider to be genera; and that,
consequently, those numerous sub-genera which have
been pmpnsed by other naturalists, and whose names do
not appear in the above list, are considered by us of
subordinate rank, and form a part of one or other of
these genera. One instance will better explain our
ineaning : M. Cuvier's sub-genus Selache is not men-
tioned, because we consider Rafinesque’s Isurus is the
true typical example of the genus which connects the
Squaline and the Centrine. This union of two circles
is always effected either by the rasorial or the fissirostral
type ; and the long snout and forked tail of JZsurus
clearly show that it is of this latter description :
Selache, indeed, is an excellent sub-genus, but it is sub-
ordinate to Isurus; and therefore, as every group should
bear the name of its most typical example, we name it,
in the present instance, accordingly. In like manner,
Pristiurus of Bonaparte, from what little has been said
of its form*, appears the true type of Seyllium, because
it is said to have a ‘‘long snout,”—the exact character of
Isurus in the opposite circle of the Squalin@; so that
we may fairly suppose they are analogous. As our
acquaintance, however, with Pristiurus is so slight, we
shall for the present retain the long-employed name of
Seyllium. But it may fairly be asked, Upon what prin-
ciple do we ground our belief that one group is a genus,
and that another is a sub-genus? and why, in reference
to the above case, has not Selache as great a claim to be
considered the type of a genus as JTsurus? 'To this
we reply, by stating the especial object of the present
inquiry: our purpose is to show that each of the two
typical sub-families of the sharks— the Squaline and
the Centrine—represent each other in their respective
circles ; and that the subordinate divisions, or genera,

* Muller aud Henle, Mag. of Nat. History, 2d series, vol. ii. p. 34.
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of one, correspond to those of the other,— but with
this difference, that all of one are furnished with tempo-
ral spiracles, which spiracles are not seen in the other.
Having, therefore, endeavoured, in the first instance, to
make out the affinities of each among themselves, we then
select, from all the minor groups that have been named,
those which correspond, in some way, to each other :
these we denominate genera, and place all the others as
sub-genera : the distinction, therefore, is neither empy-
rical nor arbitrary ; however we may err in the selection,
the principle upon which that selection has been made
is sound and philosophic. +We have little doubt that
nearly all the divisions of Rafinesque, Cuvier, Muller,
Henle, Smith, Le Sueur, &ec. will arrange themselves
in the line of affinity, either as genera, sub-genera, or
aberrant species: but we repeat our belief, that our
existing information on this family is not sufficient to
carry us through such an analysis. By far the
greater part of the specimens of sharks, seen in mu-
seums, are miserably preserved, — the natural form
completely destroyed by having the skin either dilated
or contracted ; while the mouth is either closed, so that
the teeth are not seen, or the jaws are taken out, or the
specimens are of young individuals before the teeth are
well developed. We look forward, indeed, with much
interest to the forthcoming publication of MM. Muller
and Henle upon this family, satisfied that in many re-
~spects it will add much to our general knowledge of this
group. But we consider the principles of their arrange-
ment, so far as it has been developed, as essentially
artificial, being framed without any regard to the other
groups of ichthyology; and we look on all systems
founded, as this is, upon the teeth, as liable to much
fallacy, because these organs are well known to vary in
young and adult specimens, as well as in mature old ones,
of species which follow close upon each other in all the
remaining points of their organisation., Our chief desi-
derata, in fact, are accurate drawings, and full descrip-
tions, made from the fresh subject, and from adult
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specimens. This, of course, can only be done by slow
degrees, and by different naturalists in various parts of
the world: but the spirit which is now abroad, particu-
larly among the rising naturalists of our colonies, will
do much to hasten this ; and the time will then come,
when the groups of the Squalide will be established on
the best of all foundations, — their analogical resem-
blances. 'This digression, although long, may not be
thought out of place ; and we shall now proceed, as we
intended, to recapitulate the affinities of these two
agroups, before we enter further upon their analogies.
(145.) Let us first take the genera of the Squaline,
or those sharks which have no temporal spiracles.
Commencing with Squalus (improperly named Car-
charias by Cuvier* ), we find a numerous assemblage
composed of Alopias Raf., Cericteus Raf.,, and many
others, imperceptibly leading to Dalatias. Of this
latter, Rafinesque expressly says, that although his
D. nocturnus has spines on the dorsal, yet that it has
no spiracles and no anal fin. It is worthy of remark,
also, that he places this genus close to our Squalus ;
observing, that it differs from that in having no anal
fin, and from Centrina Cuv. (Squalus Raf.), in
baving ¢ no spiracles.,” From this we pass to Tsurus,
Raf., distinguished —as are all fissirostral types, both of
birds and beasts—by a very lengthened snout, and a
deeply forked, equal tail. Another character, more ge-
neral in this genus, is the excessive size of the branchial
openings; and both these latter characters are found in
Selache and Lamna. But now, having reached the
passage to the Centrine, we begin to see the incipient
development of the temporal orifices, asserted by Dr.
Smith to exist in Lamna, where Cuvier says they are
not to be found. Next follows Rineodon Sm. which

¥ We say improperly, because, in this instance, and in numerous others,
M. Cuvier, while he professes to retain the genus Squalus, virtually abo-
E,Sh_% it ; since he does not’preserve the original name to any one of its
ivisions,
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Muller and Henle consider is so closely allied to Se-
lache, that they actually place them close together.
Finally, we quote the same authority for placing Seo-
liodon next to our Squalus; for, according to these
eminent naturalists, the one follows the other, and so
nearly coincide in their teeth, that those of Seoliodon
““ differ only in being of the same shape in both jaws;™
— and thus we return to the point from whence we
commenced.

(146.) We now turn to the other column, composed
of the Centrine, having temporal spiracles. At the
head of these stands Cuvier’s genus Centrina; under
which we place, as sub.genéra, Spinax and Seymnus.
This latter, being aberrant, has no spines to the dorsal,
but, in the words of M. Cuvier, it has, in every other
respect, ““all the characters of Centrina.” Scymnus
brings us immediately to the genus Galeus (Raf. Cuv.),
under which we may place Notidanus Cuv., and perhaps
Etmopterus of Rafinesque, as uniting Seymnus, Galeus,
and Centrina. Somniosus Le Sueur, from not having
an anal fin, seems to belong to the same group. And,
indeed, it almost seems that the next genus after Cen-
trina should consist of those sub-genera which have
neither dorsal spines nor anal fins; in which case Galeus
will stand only as a sub-genus connecting Mustellus to
Centrina. We now arrive at that division which leads
to the Squaline; and we consequently find that some of
the sub-genera associated with Pristiurus Bon., as Seyl-
liwm Cuv., and Chiloscyllium M.and H., begin to have the
temporal orifices very small, so as to blend with Lamna,
and other subordinate forms in the circle we have just
left. In all these, as MM. Muller and Henle have well
observed, the first dorsal fin is never placed before the
abdominal fins. Cestracion, another genus with spined
dorsals, seems to follow the last ; and thus we arrive at
Mustelus, the affinity of which with Centrina is mani-
fested in all but the teeth, which resemble those of the
saw-fish and skates,
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(147.) The result of this disposition of the groups is
seen in the preceding table, which shows the analogies -
existing between their component parts. From these it
would appear that each has a division (Dalatias in one,
and Galeus in the other), where the ventral fin is want-
ing, and the dorsal fins are spined. Again, Jsurus and
Pristiurus (which latter we have arranged with Seyl-
lium) are the longest-snouted sharks yet discovered:
while Rineodon and Cestracion represent each other by
the very reverse of this latter character ; for the mouth
of both is described as being at the extremity of the
muzzle ; and thus they also represent Squatina and
Crossorhinus. With these striking coincidences before
us, we need feel less regret at not being better informed
on the new genus Seoliodon of MM. Muller and Henle;
but the short characters they have assigned to it sin-
gularly coincide, in all but the teeth, with those of
Mustelus : and as this latter genus opens a passage to
Pristis, so we may expect that it would possess some
one of its characters; and this expectation is realised by
the structure of the teeth, which are precisely alike ;
Mustelus including the only sharks where these organs
are blunt and tesselated, as in the rays and saw-fish.

(148.) That errors may eventually be discovered in
this imperfect sketch of the natural arrangement of the
sharks, is only what we fully expect; and this, for the
reasons already stated, we should say would be inevi-
table. But whether these errors are few or many,
the main facts which we have sought to establish, of
there being certain types, representing each other, but
without mutual affinity, will remain unshaken ; and
further, that those types correspond to others pervading
every group in ichthyology. We contend not, in this
case, for details, or for the accuracy of minor com-
binations : all we seek to establish at present, is the
theory of representation ; and for this there seems to be
conclusive evidence. The two typical groups may pos-
sibly possess other characters than the mere absence or

M 4
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presence of spiracles: one may be viviparous, the other
oviparous—(and this deserves much investigation) ; but
still there will be corresponding relations, however these
relations may be exhibited ; and that arrangement
which places them in the clearest light, must always
be that which is nearest to Nature.

(149.) The Rainm, or rays, succeed the sharks, to
which, as before remarked, they are closely and inti-
mately united by the saw-fish (Pristis) : they are com-
posed of the rays, properly so called, having the base of
their tail armed with a sting, and of the torpedos, skates,
and thornbacks. The two, latter, from being well
known and very abundant in our own seas, will give
the general reader a correct idea of the whole family.
Taken collectively, they may be called the flat fish of
the cartilaginous order, and, in this respect, show a
marked and unquestionable analogy to that family of
osseous fishes. The whole of the species, like the sharks, -
are marine ; and several of those found in the warmer
latitudes grow to a very great size. The depression of
their body is fully as great as what we see in the Pleu-
ronectidee, or true flat fish ; but the head and eyes are
symmetrical ; while the pectoral fins are of such vast
magnitude, that they actually extent all round the head
and body, and terminate only at the base of the small
ventral fins, thus giving the body a disk-like form : the
tail is excessively slender ; and the dorsal fins, when
present, are generally remarkably small, and placed upon
their slender tail. In the typical species, the caudal fin
is mostly wanting, as the tail ends in a slender point ;
but in others, as the torpedo skates (Rai@) and shark
rays (Rhinobates), there is a small caudal, whose size
seems regulated by the comparative diminution of the
pectorals. The scapul® of the pectorals are articulated
with the spinal column, just behind the branchial spi-
racles : the eyes, and the large temnporal orifice imme-
diately behind them, are, of course, placed on the upper
surface, at a considerable distance from the snout and
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the circumference ; but the mouth, nostrils, and branchial
apertures are on the under surface, and are completely
hid when the fish is laid on its belly : the latter organs
are generally five in number, arranged on the sides, and
are of the same form as in the sharks. The rays of the
fins, like the rest of the skeleton, are cartilaginous,
straight, and furnished with numerous swellings or knots.
The mouth is small, and furnished with numerous small
blunt teeth, which are placed in rows, like paving stones
or mosaic, so as to completely cover the lips or edges
of the mouth: the eyes are protected by a nictitating
membrane or skin, which can at pleasure be drawn over
them like an eyelid, —a character which is common to
many of the sharks : at some distance above the eyes are
situated the nostrils, each appearing like a large and some-
what semilunar opening, edged with a reticulated skin,
and furnished internally with a great manylaminated pro-
cesses, divided by a middle partition, and guarded by an
exterior valve : behind the eyes are the temporal orifices
or spiracles, communicating with the mouth and gills ;
these orifices are much larger than those of the sharks,
and often exceed the size of the eye ; and all these parts
taken together occupy a wide extent of surface. The young
are contained in oblong square capsules, of a horny sub-
stance, with a filament, more or less lengthened, at each
of the four corners. It would seem that the female has
the faculty of twisting these round the stems of marine
plants or corals, so as to secure the capsule from being
tossed about and drifted by the waves. These cases,
when the young have been exuded, are finally de-
tached, and are often cast upon the shore in considerable
numbers, when they are called sea purses by the common
people.

(150.) Little is known of the natural history of these
singular fishes : inhabiting the depths of the ocean, they
elude the inquisitive eye of man ; and we can only form
a few conjectures by their general structure. We know
that the Pleuronectide, or true flat fish, lie concealed at
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the bottom of the sea, among weeds and mud, and thus
watch for their prey : hence it may be safely inferred
that habits, somewhat similar, belong to the rays.
The unusual development, however, of their pectoral
fins, places it beyond doubt, that they can pursue their
prey with a swiftness surpassing that of all other fishes ;
an inference which is further strengthened, when we
remember that these swallow-like fish stand at the head
of the fissirostral type of the class Pisces, corresponding
to the swallows among birds, and the Natantia among
Mammalia, Some of the species grow to an immense
size, —a circumstance that ynay be accounted for by the
supposition that cartilaginous fish continue to grow as
long as they live. A species of skate, common to the
British seas (Raia batis) is frequently caught of im-
mense dimensions, sometimes weighing two hundred
pounds. But this is nothing to another individual of
this family, which is stated to have been caught in the
West Indian seas, whose length was twenty-five feet,
while its greatest breadth is stated at thirteen ; the tail
alone measuring fifteen feet. The sting rays, of which
this last was probably a species, are, perhaps, the largest
in their dimensions of the whole family. Two spe-
cimens of the Pterocephalus massena Sw. of the Me-
diterranean, were caught near Nice, and seen by Risso,
which measured twelve feet long, and twenty-seven in
circumference ; the weight of the female was 1250
pounds, but that of the male only 800. The Pteroceph.
Banlksianus is a still more gigantic monster ; for although
its weight was not ascertained, it is said to have required
no less than seven yoke of oxen to drag it on shore.
There is some evidence, also, that these monsters of the
deep, like the sharks, are destructive to mankind.
Colonel Hamilton Smith relates, that he once witnessed
the destruction of a soldier off Trinidad, by one of these
immense Pterocephali. 1t would seem that the soldier
wished to desert, and, being a good swimmer, he had
jumped into the sea from the vessel, which then lay at
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anchor in the entrance of the Bocco del Toro. The cir-
cumstance occurred soon after daylight, and the man,
being alarmed by the call of a sailor up aloft, endea-
voured to return to the ship ; but the monster threw one
of his fins over him, and he was never seen more.

(151.) The natural arrangement of the family has
never been yet attempted. MM, Muller and Henle
have just made considerable improvementson the method
and nomenclature of Cuvier, by separating and defining
many of the subordinate types, passed over in the Régne
Animal; but their arrangement has no ulterior object,
and merely aims at characterising the divisions. Having
paid some little attention, therefore, to this family, we
shall endeavour, on the present occasion, to determine
the natural series of its variation, and shall subsequently
show that this is regulated by the same general law that
pervades all the other groups of ichthyolegy. We ar-
range the whole family under the five following divi-
sions : — 1. The Rainza, or true rays; 2. The Myrio-
BATINE, or eagle rays; 3. The TorpEnINE, or torpedo
rays ; 4. The Squartiva, or shark rays; and, 5. The
RuiNopaTing, or snout rays. The two first of these
are typical, and are distinguished by their very slender
and whip-like tails ; while in the three latter, or aberrant
sub-families (each represented only by a single genus),
the tails are thick, and more or less approach thoese of
the sharks.

(152.) The barb, sting, or spine, — for it has been
called by all these names, — with which the tail of the
majority of the sting and eagle rays is armed, is a most
formidable weapon, in the shape of a long-headed lance:
it is acutely pointed, and varies in length according
both to the species and the size of the individual : it
is a compressed, hard bone, having the two edges finely
serrated, with the serratures pointing to the head, so as
to tear the flesh upon being drawn out; and it thus in-
flicts a most grievous wound. Itis currently understood
by all sea-faring people, that these barbs are poisonous ;
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and so firmly is this believed by fishermen, that upon
catching any of these sting rays, they immediately pro-
ceed to cut off the tail of the fish, or mutilate the spine.
The use of the long naked tail, seen in most of these
fish, is probably to twine round their prey, so as to con-
fine its struggles. Sometimes there are two of these
barbs placed close together ; but in some of the sub-
genera, both are absent.

(155.) The first, or typical, sub-family, containing
the true rays, is eminently distinguished from all the
others, by the pectoral fins being united to the snout
in such a manner as that thgre is no interval of separa-
tion between them. All our British species, including
the thornbacks, skates, &ec., are of this description, and
afford perfect examples of the general form pervading
the whole of this division : in other respects, there are
many variations. The group, indeed, is so numerous in
its contents, that we may even distinguish the genera,
which we shall now enumerate. The trygons, or sting
rays (Trygon Antiq.), divide themselves into three
genera. The first is T'rygon, where the breadth of the
body and pectorals is about equal to its length : the tail
is armed with one or two spines, or stings, as they are
called, at the base ; and there is a narrow fin, either
above, or below, or on both sides. Pastinaca Antiq.*
differs from 7rygon only in having the tail entirely
naked : the common sting ray of the Mediterranean is
the type of this genus, to which we prefer retaining the
name by which it was known to the ancients. In two
others, described and figured as natives of the Indian
seas by Dr. Russell, the body is somewhat more oval
than in the Mediterranean species, and there are two
spines ; but the number of these do not appear to in-
dicate generic groups ; and it not unfrequently happens
that, in such as really possess two spines, one is acci-
dentally broken off. The presence or absence of fins

* Himantura, Muller and Henle.
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upon the tail, therefore, appears to us a more certain
mark for discriminating the two typical genera of Try-
gon and Pastinaca, than the number of the stings ; and
this view, we perceive, has been taken by Muller and
Henle. In further proof, also, we may refer to the
two species above mentioned, from India: both are of
the same form, and both have the tail entirely naked ;
yet in one there is but a single spine, while the other
has two. The third genus is that of Pteroplatea, — a
name given by the last mentioned ichthyologists to
certain sting rays, which have the pectorals so very long
as to render the breadth of the fish considerably more
than its length : the tail, like that of Pastinaca, is
always naked, but it is also remarkably short. It is here
that the stings begin to disappear; for although one
species of those which have been described possesses two,
yet in another, from India (Russell, pl. 22.), there is
none whatever. This latter fish, therefore, brings us near
to the genus Raia (R.rubra, fig. 18.), as now restricted
and understood by the moderns. This group, indeed, has
recently been divided into several sub-genera; but as
the value of these remains to be determined by a philo-
sophic analysis of the
real types, we do not,
at present, adopt them.
The whole may be
characterised as dia-
mond-shaped fishes,
almost always covered
with prickles or mi-
nute asperities, but
never having the tail
armed with a barbed
spine, as in the three
preceding genera: the
tail, moreover, termi-
nates in a small cau-
dal fin ; immediately
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before which, on a line with the back, are two small
dorsal fins: one of these latter, or the small caudal,
may be expected to disappear in such aberrant species
as approach Pteroplatea on one side, or go off, on
the other, to Anacanthus Ehremb., —a genus which is
stated to resemble T'rygon in every thing but the
possession of a sting. We are thus enabled to trace
a circular disposition of the whole sub-family ; the
contents of which represent all the primary types of the
cartilaginous order.

(154.) The second sub-family contains the gigantic
Pterocephaline®, or eagle srays, These are the fish
which we have already mentioned as often growing to
such an enormous size, and being as dangerous to man
as the sharks. The form of their body is much like
that of the sting rays, but with this difference,—that the
pectoral fins are not continued so as to encircle the fore
part of the head, which is consequently free ; and the
eyes are inserted at the edge of, not within, its circum-
ference. The tail is as slender as in the last group, and
is generally armed with a formidable barb or sting at its
base; in addition to which, there is usually a small trian-
gular dorsal fin placed at the base, which is very different
from the long and narrow fin-like membrane seen towards
the end of this part in many of the sting rays. Although
the species are by no means so numerous as in the last,
we yet find five divisions, so well characterised by their
general form, that we shall adopt them on the present
occasion. These gigantic fish are very rarely seen, and
then chiefly in warm latitudes : they seem, indeed, to
be pelagic, for they are seldom taken near any shore.

(155.) We place Myliobates as the first genus, because
it has a closer affinity to the typical rays than any of the
other four ; this is shown by its resembling Pteroplatea
in being much broader than long, owing to the great

* These constitute the genus Cephalopfera of Dumeril ; but as that name,
unluckily, had been previously given by Geoff. Saint-Hilaire to a remarkable
genus of birds, we propose to substitute the present for it.
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development of the pectorals : these fins, however, only
take their commencement immediately behind the eye ;
so that those and the snout are entirely free. The tail
of these fish, of which one species is well figured among
the Indian fishes of Russell, is very slender and exces-
sively long, being near twice the length of the body ;
and it is described as being without any sting or bony
process. Whether this weapon is constantly absent in
certain species, or whether, as on the present occasion,
it had been broken off accidentally or purposely, (for it
is universally considered by fishermen of all countries
to be poisonous, ) is a question which must be undecided ;
certain it is, however, that some of the rays, both in this
and the last sub-families, appear to be totally devoid of
a sting. The next genus is Rhinoptera of Kuhl. In
this the head is equally free; but the snout is so deeply
cleft in front, that in some species it assumes the aspect
of two horn-like protuberances, not in substance, but in
shape. In one species, the R. quadrilobate of Le
Sueur *, here represented from an exquisite plate by that
naturalist (fig. 1!).), there are two other processes,
one on each side
the under part of
thesnout (@), which
are obviously the
first development
of those fin-like
paddles seen in
the next genus.
The mouth, both
of this and Mylio-
bates, is placed un-
derneath (8) ; but
the sting does not
appear constant : it
exists in the species

here figured (¢), but

* Amer. Trans. vol. L pl. 20
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is absent in that deseribed by Dr. Russell. The two
processes just mentioned conduct us at once to the
genus Ceratoptera M. and H., where these appendages
assume the tform and office of lobed fins, as represented
by the same artist (fig.20.), the head is completely

obtuse in front, without any of the lobed appearance
seen in the last genus; while the mouth is at the ter-
mination of the muzzle. On this latter account, these
remarkable fishes have been justly separated from the
true Pterocephali (or the Cephaloptera of Dumeril),
where the mouth is on the under side of the head, as in
all the other genera. We place /Efobates M. and H. as
the last genus, with some hesitation, suspecting that it
really possesses this rank in the present division ; for
it has every one of the characters of Myliobates, super-
added to a caudal sting, But its most remarkable pecu-
liarity is the circumstance of the jaws being dissimilar:
¢ the lower one,’”” as Dr. Russell cbserves on a species
he has described, ¢ being arched, narrow, and projec-
ing beyond the wider immovable upper jaw: the edges
of both are smooth and without teeth.”*  MM. Muller

* Coromandel Fishes, vol.i. p. 5

e oS T o 3 =

s S



RAIDE. — TORPEDD RAYS. 177

and Henle, however, whose method is chiefly founded
on these organs, gives the generic character to this
group of having one row of teeth in each jaw. We
believe that both these accounts, however apparently
conflicting, may be essentially correct, when applied to
different species ; and this only adds another to the
numberless instances that may be cited of the subordi-
nate value which such dental characters possess, when
employed generically.

(156.) The torpedo rays appear to follow next
in the natural series. These fishes have long acquired
celebrity from the powers of electricity they possess ;
while their shape is so remarkably singular, that they
appear more like gigantic tadpoles than fish: the head
seems of an enormous size, owing to its being completely
surrounded by the pectoral fins ; which latter, from not
being angulated, as in the other rays, make the head
appear, in some species, completely circular: so far,
indeed, the general structure is in much accordance
with the last two sub-families ; but now the tail begins
to assume the usual shape of other fishes; although not
longer than the head and body, it is thick and fleshy,
terminated by a distinet caudal fin, and bearing above
it two dorsals: but all these three fins are much smaller
than the ventrals ; these are triangular, and placed on
each side the vent, which is in the middle of the fish.
The situation of the eyes, the mouth, and the branchial
spiracles, is precisely the same as in the thornbacks.

(157.) The torpedos appear to be of many species,
and to inhabit the seas of nearly all temperate and
tropical latitudes. As we cannot well pass over the
extraordinary properties of these fishes, and yet cannot
speak of them from our own observation, the reader will
understand that the following account is abridged from
the best authors who have written upon the subject.
The form of the electric torpedo is much the same as
that of the spotted Indian species (fig. 21.): the size, of

course, varies; its general length is about two feet;
VOL. 1. N
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but one mentioned by Pennant
was nearly four, and weighed
fifty-three pounds: the colour
of the upper surface is different
shades of brown, sometimes
marked with obscure ocellate
spots ; the under surface is
whitish or flesh-coloured. Like
others of this family, the tor-
pedo seems to lay mn wait for
its prey, partly buried in the
sandy bottom of the sea; and
this is effected by the animal
quickly flapping all its fins, so
as to cast the surrounding
sand partially over its body.
According to Pennant, it preys upon surmullets, plaice,
&e., which have been found in their stomach : in what
manner, however, these swift swimming fish are caught
— whether by a sudden dart of the torpedo from its
ambush, or by exerting its electric faculty — must re-
main undetermined. Before detailing the effects of this
power, we shall give the reader the following abstract of
Dr. Hunter's description of the organs which produce
them.

(158.) The electric organs constitute a pair of gal-
vanic batteries, disposed in the form of perpendicular
hexagonal columns, placed on each side of the head and
gills, from whence they extend to the semicircular carti-
lages of the pectorals; within these limits they occupy
the whole space between the skin of the upper and of
the under surface: they are thickest at the edges, near
the centre of the fish, and become gradually thinner
towards the extremities. Each electric organ, at its inner
longitudinal edge, is a convex elliptic curve ; each is
attached to the surrounding parts by a close cellular
membrane, and also by short and strong tendinous fibres,
which pass directly across from its outer edge to the
semicircular cartilages; and they are covered, above and
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below, by the common skin of the animal, under which
there is a thin fascia spread over the whole organ. This
fascia is composed of fibres, which run longitudinally,
or parallel with the back: these fibres appear to be per-
forated in innumerable places, which gives the fascia an
appearance of being fasciculated : its edges, all round,
are closely connected to the skin, and at last appear to
be lost, or to degenerate into the common cellular mem-
brane of the skin. Immediately under this is another
membrane, exactly of the same kind, the fibres of which,
in some measure, decussate those of the former, and pass
from the middle line of the body outwards and backwards:
the inner edge of this is lost with the first membrane ;
the anterior, outer, and posterior edges are partly attached
to the semicircular cartilages, and partly lost in the
common cellular membrane. This inner fascia is con-
tinued into the electric organ by many processes, and
thereby makes the membranous sides or sheaths of the
columns, which are presently to be described.

(159.) Each organ is about five inches in length, and
at the posterior end three in breadth, though it is but
little more than half as broad at the posterior extremity ;
each consists wholly of perpendicular columns, reaching
from the upper to the under surface of the body, and
varying in their lengths according to the thickness of
the body. The shape of these columns, also, is very
variable ; the greater number are either irregular hex-
agons, or irregu]ar pentagzons : their coats are Yery thin,
and closely connected with each other, having a kind of
loose network of tendinous fibres between the columns,
which they unite more firmly; and this purpose is fur-
ther effected by strong unelastic fibres : the number of
these columns, in different torpedos of moderate size,
appears to be about 470 in each organ, but in a very
large individual they were 1182 ; they must, therefore,
increase, both in size and number, with the growth of
the animal. Each column is divided by horizontal par-
titions, which appear to contain a fluid : they are not
totally detached from ecach other, for they sometimes

N 2
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adhere at different places, by blood-vessels passing from
one to another: the number of these partitions in a
column one inch in length, appeared to be 150 ; this
proportion was so regular in several individuals, that it
seems, as the fish grows, new partitions are added to the
extremity of the column from the fascia: the partitions
are very vascular. The arteries are branches from the
veins of the gills, which convey the blood which has
received the influence of respiration: they pass, along
with the nerves, to the electric organ, and enter with
them ; they then ramify in every direction. The veins
of the electric organ pass out close to the nerves, and
run between the gills to the heart: the nerves inserted
into each electric organ, arise from three very large
trunks placed on the lateral aud posterior part of the
brain, and then ramify in every direction between the
columns,

(160.) The number and magnitude of the nerves,
bestowed upon these organs, in proportion to their size,
must, on reflection appear as extraordinary as the pheno-
mena they afford. Nerves are given to parts either for
sensation or action : if we except the more important
senses of hearing, seeing, tasting, and smelling, which
do not belong to the electric organs, there is no part,
even of the most perfect animals, which, in proportion
to its size, is so liberally supplied with nerves ; nor do
the nerves seem necessary for any sensation which can
be supposed to belong to the electric organs; and with
respect to action, there is no part of any animal, how-
ever strong and constant its natural action may be,
which has so great a proportion of nerves. If it be,
then, probable that those nerves are not necessary for the
purposes of sensation or action, may we not conclude
that they are subservient to the formation, collection, or
mana gement of the electric fluid ? especially as it ap-
pears evident, from Walsh’s experiments, that the will
of the animal does absolutely eontrol the electric powers
of its body, which must depend on the energy of the
nerves.
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(161.) The effects produced by this highly siugular
organisation were well known to the ancients ; but they
— being ignorant of electricity, and prone to invest
every uncommon operation of nature with an air of
mystery — attributed these shocks to magic, at least,
if we may believe some of their poets; and Pliny,
whose credulity was excessive, affirms that the torpedo,
even when touched with a spear or stick, can benumb the
strongest arm and stop the swiftest foot. The celebrated
Redi, in the 17th century, contributed greatly to dissipate
these exaggerated notions, by elucidating much of the
true history and structure of this wonderful fish ; but
our learned coutryman Walsh, by a series of experi-
ments made before the Royal Society, was the first who
proved that its powers were truly electric. The effects
of the torpedo (he observes) are absolutely electrical,
forming its circuit through the same conductors with
electricity, and being intercepted by the same non-
conductors, as glass and sealing-wax. The back and
breast of the animal appear to be in different states of
electricity ; by a knowledge of which circumstance, we
have been able to direct his shocks, though they were
small, through a circuit of four persons, all feeling
them ; and also through a considerable length of wire
held by two insulated persons —one touching the lower
surface of the fish, and the other the upper. When
the wire was exchanged for glass or sealing-wax, no
effect could be obtained ; but as soon as it was resumed,
the two persons became liable to the shock. Number-
less experiments of this sort determined the choice of
the conductors to be precisely the same in the torpedo
as in the Leyden phial ; while the sensation occasioned
by one and the other, to the human frame, are precisely
similar. It is remarkable that the torpedo, when insu-
lated, is able to give us, insulated likewise, torty or
fifty successive shocks from nearly the same part, and
with little or no diminution of force ; and these are so
rapid, that Mr. Walsh says he had taken no less than
fifty in succession, from an insulated torpedo, in the space

N 3
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of a minute and a half. All these experiments confirmed
the belief that the electricity of this fish is condensed, in
the instant of its explosion, by a sudden energy of the
animal : the effect appears to arise from a compressed
elastic fluid, restoring itself to its equilibrium in the same
way, and by the same media, as the elastic fluid com-
pressed in charged glass. Notwithstanding the weak
spring of this electricity, Mr, Walsh was able to convey
it through a circuit formed from one surface of the
animal to the other, by two long brass wires and four
persons ; which number, in some of the experiments,
was increased even to eight; every person was made to
communicate with each other, and the two outermost
with the wires, by means of water contained in basins
properly disposed between them for that purpese. It will
be unnecessary to follow Mr. Walsh’s more minute de-
tails of these experiments; and, after all, he observes
that the effects produced on these occasions by the tor-
pedo, resembled, in every respect, a weak electricity.
It was further ascertained that the shocks were much
stronger when the fish was taken out of the water than
when it was emerged in it; or, as our author observes,
“ the shocks in water appeared, so far as sensation
could decide, not to have near a fourth of the force of
those that took place at the surface of the water, nor
much mere than a fourth of those given when the fish
was entirely in the air, on being raised by the hand.”
Finally, we may observe that this power is possessed,
not only by the young torpedo on its birth, but even
while it is yet a feetus in the body of the parent animal.
This fact was ascertained by Spallanzani, on dissecting
a torpedo in a pregnant state, and which contained in
its ovarium several roundish eggs of different sizes, and
also two perfectly formed feetuses, which, when tried
in the usual manner, communicated a very sensible
electric shock ; and this was still more perceptible
when the little animals were insulated by being placed
upon a plate of glass. The electricity of the torpedo
is altogether voluntary ; and sometimes, if the animal
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is not irritated, it has been affirmed that it may be
touched, or even handled (?), without being provoked
to exert its electric power.

(162.) There can be no doubt that several species
have been confounded under the common name of
Torpedo electrice, which likewise possess the same pro-
perties ; but whether all those of the same external
form are likewise electric, is very uncertain. Two
species evidently inhabit the British seas—one of which
is spotted, the other not: both, however, are of rare oc-
currence. A specimen menticned by colonel Montagu,
taken off the coast of Tenby in Wales, weighed about
100 lbs.* It has been thought that the torpedo is
a slow and inactive fish ; and that, consequently, these
powers have been given it for more readily procuring its
food, by killing such small fish as pass near it. That this
elemm power is so used, as well as for a means of
defence, is highly probable : but it appears to us that
there is nothing in the structure of this fish to render it
slow or inactive ; on the contrary, the great develop-
ment of the pectorals, and even of the ventrals,
clearly shows that these fishes must be endowed with
the power of swimming, for a short distance, with great
rapidity, —fully as quick as any of the true rays or
thornbacks. Nor do we think the following sensible
observations of Mr. Couch militate against what we
here advance :—*“ One well known effect of the electric
shock is to deprive animals killed by it of their organic
irritability, and, consequently, to render them more
readily disposed to pass into a state of decomposition ;
in which condition the digestive powers more speedily
and effectually act upon them. If any creature, more
than otlll?rs would seem to require such a preparation
of its food, it is the torpedo, the whole canal of whose
intestine is not more than one half as long as the
stomach.” + Recently }, this genus has been divided

* Yarrells rls'res, vol. i, p. 411.
t Ibid. vol. i. p, 212,
$ Muller and Henle's arrangement. Mag. Nat. Hist. No. xiv. p. 90
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into four sub-genera, the characters of which, however,
tlo not appear in the paper alluded to.

(163.) We finally have resolved to place the genus
Squatinu between the torpedos and the snout rays (Rhi-
nobates) ; by which situation it preserves its analogy to
all those sharks which have, like this, the muzzle obtuse,
and the mouth terminal. The annexed representation
of 8. angelorum ( fig. 22.), found in our seas, will give

the reader a better idea of this singular fish, than a
laboured description. Its whole aspect is certainly
more like that of a ray than of a shark. The circum-
stance of the branchial apertures being placed beneath,
joined with the very great development of the pectorals,
and the flattened obtuse head (intermediate between that
of a torpedo and a ray), all conspire to point out its
natural station to be in the present family. The only
character, in fact, which it seems to possess in common
with the sharks, is that of having the tail fully developed,
and the pectorals detached, in front, from the head : but
these considerations are not sufficient, in our opinion, to
counterbalance those just stated ; to which may be added,
the depressed form of the whole fish, which shows that its
habits are naturally very much the same as those of all
the rays. Cuvier refers the Squalus aculeatus of the Me-
diterranean to this group,—a fish we have not seen; and
Le Sueur has beautifully figured another (8. Dume-
rilli, fig. 23.), which inhabits the coast of America : the
shape, situation, and proportion of the two dorsals and
of the caudal are precisely the same as what we see in
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many of the torpedos. Of our British species Mr. Yar-
rell says, that it some-
times is caught of the
weight of 100 lbs. ;
that it is very voraci-
ous, and feeds on the
smallerflatfish, which,
" like itself, swim close
to the bottom ; occa-
sionally, like them,
also, hiding itself on
the loose soft soil that floats over it. We cite this re-
mark, because it is in further confirmation of our belief
that the Pleuronectide represent the Raide, not only in
the disk-like shape and compression of their bodies, but
also in their food and modes of life.

(164.) The third and last aberrant division of the
rays is represented by the genus Rhinobates, of which
the annexed cut of R. Riippellii Sw. (fig. 24.) is a very

good example of the whole. This group has also been
divided into five sub-genera, of which there is only one
species in each ; but the characters appear to us so
slightly defined, that we cannot at present adopt them.
Nevertheless, one of them, named Platyrhina M. and H.,
is described as having ¢ the body orbicular;” in which
case it is much more probably a sub-genus of the Tor-
pedine than of the present group ; an orbicular body
being one of the primary distinctions of those fishes.
Certain it is, however, that the typical form of the sub-
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family now before us, is to have the snout considerably
elongated, and the body and tail more resembling that
of the true sharks, than any of the other rays ; in other
words, it has the head of some of the long-snouted rays
— such, for instance, as the Raia chagrinea * Penn. —
placed on the body of a shark. None of these fishes have
been found in the northern seas, nor are we acquainted
with any from the Mediterranean ; several, however,
occur in the Red Sea, and on the shores of India, of which
representations will be found in Riippell’s, Russell’s,
and Hardwick’s collections of figures. The sub-genus
Rhina probably belongs to. the Torpedine, since it has
the muzzle short, large, and round, instead of length-
ened and pointed,

(165.) The cireular succession of the Raide is thus
seen to be all but perfect, since the only intervals in the
chain occur between Squatina and the two types on each
side of it— Torpedo and Rhinobutes. It is clear that
Rhinobates is but the incipient form, as it were, of the
saw-fish ; and as these latter have always been regarded,
and justly, as coming within the confines of the Squalide,
we must place Rhiinobates as the last of the Raide.
We have no means of judging, either from specimens,
or a good figure and description, of the true nature
of the Squalus aculeatus, which Cuvier refers to the
Squatine ; — Does it really belong to that genus, or to
a different type among the Squalide? * In either case,
its spined back shows its direct relation to the thornbacks
(Raia); while its terminal mouth indicates the same with
recard to Squatina, Cestracion, &ec., and the other chi-
ronectiform types. Under the belief, therefore, that the
above series is the natural orie, we shall at once proceed
to investigate the analogies resulting from this view of
the Raide, by comparing the divisions with those of a

* This species may be cited as an additional instance of the insufficiency
of arranging the cartilaginous, or, indeed, any other fishes, upon a primary
regard to their teeth ; for not only do these organs vary in different species,
and in the very same individual at different ages, but actually in the
sexes : the blunt tesselated teeth of the Kaia chagrinea become pointed

in the adult male, while in the female they never alter.— See Yarrell, vol, ii,
p. 416, .
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higher denomination, under which we have placed the
whole of the cartilaginous fishes.

Analogies of the Rays to the CARTILAGINOUS
FamivLies.

Sub-families of Families of the

.‘Inﬂ!;:g.‘ca.! Characters.

the Ravs. CARTILAGINES.
Trygonine. Hi::l surrounded with the pectm‘al} Fhipay
Pterocephaline. Head distinet from the pectorals. SQUALIDE,
Torpedine. {}{;}Tan:frt of the head exnessmely} PUErODORIDA.
Squatine. { ]I:‘}il;tl‘.]i] protractile, and furnished wuh} STURIONIDE
Rhinobatine. Dody much lengthened. CHIMERIE.

We must, in the first place, remind the reader of the
~arguments already used in proof that the cartilaginous
orderof fishes corresponds to the natatorial order of birds,
where the wings are universally mere developed than in
any other type. Now, in proof that this analogy is true,
we see that the pectoral fins, which correspond to the wings
of birds, are more developed among the rays than in the
sharks ; and thus we find not only that the Raida stand
at the head of the cartilaginous order, but that the
T'rygonine, from having the pectorals so much developed
as to surround the snout, become pre-eminently typical
— and being so, are the representatives of their whole
family. The eagle rays and the sharks, again, stand
opposite each other ; and we discover an analogical cha-
racter, in the head of both being distinct from the pec-
torals. It is evident, that, in whichever family we place
Squatine, it is analogous to the sturgeons, and to the
cirrated sharks ; for these are the only cartilaginous fish
which have cirri to their jaws ; and if Cuvier is correct,
that the Squalus aculeatus is a Squatina, we shall have
another point of strong resemblance to the sturgeons,
which are universally armed with prickles. The broadest
snouts among the rays are seen in the torpedos; and the
broadest, as well as longest, in all the cartilaginous fami-
lies, is in the genus Polyodon; both being the fissirostral
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types of their own proper circles. The snout rays, again,
are the longest, in their bodies, of the Raide— a character,
likewise, which more especially belongs to the northern
Chimera among the sharks ; so that the analogies between
both become complete; and the series of affinities, in
which we have placed the groups,is doubly corroborated
by the series of analogies occurring in precisely the
same order.

(166.) The rays, properly so called, is the only one of
all the divisions of the family whose types are suffi-
ciently made out to show a circular series ; being the
most typical, it is, as usual, very full of species, and tne
variety of forms is accordingly proportionate. From
ignorance, however, of their manners, and of very many
other points in their structure (which we may hope the
two learned naturalists now engaged on these fishes will
clear up), we cannot trace their analogies, in one instance,
so perfectly as could be wished ; but all the others are
so remarkable strong, that we have no hesitation in
laying the following table before the reader :—

Analogies of the TrveoNingE and the Ramn .

Genera of the Families of the

TRYCONINE, Analogical Characters. RAIDE.
Tryson Antig. Tail with narrow fins, TRYGONINE.
Pastinaca Antiq.  Tail without any fins. PTEROCEPHALING.
Pteroplatea M.,H. Muzzle broad and very obtuse. ToORPEDIN E.
liaia Linn, Back often armed with spines. SQUATINE.

Snout produced : no spinal

Anacanthus. cess on the tail,

i } RuINOBATINE.

The division we have formerly made between those
sting rays which have a fin either above or below their
tail, and those in which all vestige of fins disappear,
now turns out to be precisely one of the leading discri-
minations between the two great divisions of the sting
rays, and the eagle rays; all the latter having the ter-
mination of the tail quite naked. The thornbacks, and
the other rays, find their prototypes in Cuvier’s Squatina
aculeatus ; these groups, in fact, being the only ones
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wherein the back is furnished with spines. The genus
Anacanthus, as its name imports, contains those rays
which have the character of Trygon, but without
their sting: the snout, also, if we rightly understand
the genus, is produced; so that it becomes at once ana-
logous to the Rhinobatine : it is this genus, however,
upon which, not having had the means of examining, a
slight doubt may arise ; but the connection of the
Trygonine to the Rhinobaline is so unquestionable,
that it matters very little to our present purpose, upon
which link in the chain we fix for a type, supposing
Anacanthus not to be one, We need not pursue this
subject further, because these analogies carry with
them numerous others, and will enable the reader to
pursue the subject through all the chief groups of the
class,

CHAP. VII.
ON THE PLECTOGNATHES, UR CHELONIFORM ORDER.

(167.) Tae order now before us, notwithstanding
the diversity of characters it presents as a whole, may,
nevertheless, be pronounced one of the most natural in
the whole ichthyological cirele. Under the name of the
Branchiosteges, it was so considered by Artedi; and
although that great father of our science did not detect
the concealed nature of the operculum, yet his views of
the true extent of the group appear to be more just
and comprehensive than those of the moderns. Our
own opinions, at least, are more in unison with those of
Artedi, who includes in this division the genera Cyclo-
pterus and Lophius. M. Cuvier, on the contrary, con-
fines it entirely to the Balistide, or cheloniform genera



190 CLASSIFICATION OF FISHES.

(B. ornatissimus, fig. 25.), which constitute his order

Plectognathi: this name, however, we retain, since, by
the anatomical investigations of this eminent naturalist,
the true nature of the gills were first made known.
The most general characters belonging to this group
will now be noticed in the order of their prevalence.
In the first place, they are universally destitute of
true or imbricate scales: the body is soft and naked,
as in the Chironectide, or frog-fish ; or it is hard and
coriaceous: 1in the Balistide, or file-fish, the skin is
hard, and scored * into diamond-shaped patterns ( fig.
26.) : when magnified (a), the
granulations are distinetly seen,
the interstices being smooth. In
others, the body iseither covered
with spines, or incased with
bony plates, the suturesof which
fit to each other, and do not,
as in ordinary fishes, lay in an
imbricate or tile-like manner upon each other. The
skeleton is neither strictly osseous, nor cartilaginous, but
is a mixture of both structures ; presenting a gradation
from the soft and cartilaginous structure to that which
is hard and truly ossecus : the assertion, therefore, that
its ““ entire general structure is that of ordinary fishes,”
is not borne out by fact ; since M. Cuvier himself
acknowledges, that, in the majority, the bones are semi..

* Scored or reticulated : we use this term to denote the peculiar reticu-
lated markings on the shagreened skin of certain Balistider, which give
them, at first, the appearance of possessing diamond.shaped scaies,
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cartilaginous, or that they take a long time to harden;
and that, in all, * very small vestiges of ribs are to be
found.”” The third is an equally important character:
the operculum and branchia, indeed, exist; but in a very'
imperfectly developed state, when we compare them
with those of ordinary fishes ; and they are altogether
concealed by being covered with the thick skin of the
body, which only leaves a small cleft, or spiracle, by
which the water taken into the mouth escapes. Hence
they breathe, like the Cartilagines and the apodal order,
by spiracles. The other characters of the group are
secondary, because they serve more to determine the
family divisions, than to characterise the eutire order.
In the Balistide, or tortoise-fishes, the maxillary bone
is soldered to the intermaxillary, which alone forms the
jaws, and to which the palatine arch is united by a
suture with the skull, so that it possesses no power of
motion ; the mouth is thus most imperfect, and is
always very small. In another typical group, the eyes
are also very small, but are placed almost vertically : the
pectoral fins are very large, and often have some re-
semblance to feet, being placed on a sort of peduncle,
which enables these frog-fish to erawl upon the ground :
‘the mouth opens upwards, and the lower jaw is longest.
In one group only— the most aberrant of all —is there
a variation in the branchia, indicating an affinity to the
class of animals which next succeed, namely, the Am-
phibia.

(168.) Thus characterised, as a whole, the Plecto-
gnathes appear to arrange themselves into the following
natural families : —1. The Balistide, or cheloniform fishes,
having the body oval or round, and' almost always
covered with osseous plates or armed with prickles:
2. The Chironectide, or frog-fishes, where the pectoral
and ventral fins, particularly the former, assume the
appearance of feet ; the body being thick and smooth :
8. The Lophide, having the head enormously large and
greatly depressed : and, 4, The Sygnathide, of a long
serpent-like shape, covered with hard plates, and the
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muzzle excessively long. The contents of these divisions
are very unequal; and it will be seen that, from the
absence of a fifth type, they do not form a ecircular
group : but this is a matter of inferior moment ;
since it will subsequently appear that the four, above
named, find their representatives in four of all the other
ichthyological circles. It may here be observed, that
very few of this order are found in the European seas,
and that none of them are esteemed as food.

(169.) The family of Balistide, or cheloniform
fishes, is the most interesting, as it is the only one in
which any vivid colouring,is found; many of the
species, indeed, are remarkably beautiful : neither is the
form, in general, devoid of symmetry. They are very.
numerous in tropical seas, and present many modifica-
tions of form, which have not yet been accurately
defined and arranged; but only one species (the
Capriscus Rondeletii of our celebrated Willughby)
occasionally wanders to our coasts. Having paid much
attention to this interesting family, we are enabled to
determine, as we believe, the five sub-families. The
two first are the Ostracine, or trunk-fish, and the
Balistine, or file-fish : these we regard as typical : they
are distinguished by having the body covered with an-
gulated plates, or hard and reticulated skins ; the mouth
being furnished with real teeth. The three aberrant sub-
families are the Tetradoninee, or hare-fish ; the Diodo-
nine, or globe-fish ; and the Cephaline, or sun-fish : the
circular succession of these groups into one is effected
by the Orthagoriscus oblongus*, whose hard skin is
divided into those angular compartments which is the
peculiar characteristic of the Ostracine. We shall now
collect together the few points of general interest that are
at present known respecting these groups; and then
compare them, in their analogical relations, with others.
They have hitherto been much neglected, even in the
latest systems ; and this will account for our not being

* Bl. Sch. pl. o7.
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able, in the synopsis, to determine many of the subor-
dinate forms.

(170.) The Balistine, or file-fish, are not so
grotesque in their general form as the diodons and
tetraodons, and are much more beautiful fish: the
colours are generally rich and vivid, and the body is
not armed with spines (B. erythropterus, fig. 27.).

The greatest number are confined to the still waters of
tropical seas, and principally those of India and Ame-
rica. A very singular circumstance connected with this
species has given rise to the name now applied to the
whole group. The typical Balistes have two dorsal fins,
one of which is fronted with a strong bony spine.
Salviani was the first to discover that the bones or rays
of this fin are so contrived as to act in concert, with
considerable force, in suddenly elevating the fin at
the pleasure of the animal: though the foremost or
largest be pressed ever so hard, it will not stir ; but if
the last or least ray of all be pressed but very slightly,
the other two immediately fall down with it, as a cross-
bow is let off by pulling down the trigger. For this
reason, the fish is called at Rome Pesce balestra. These
fish are provided with true teeth, of which eight are
in each jaw. There are no true ventral fins; but, in
most, the bone of the pelvis is prolonged beyond the
skin, and is even furnished with bony rays connected
by a membrane, so as to constitute, in effect, a true
ventral fin,

(171.) We arrange the Balistine under five prin-

VOL. 1. 0
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cipal divisions or gerera; and these include several
distinct modifications of form, which take the rank of
sub-genera. The great number of species, however,
which swarm in the Indian and Pacific Oceans, will con-
siderably augment these minor groups, when their
peculiarities of structure are better understood.* The
two first, or typical genera, are Balistes proper, and
Capriscus, a name employed by Willughby and the
old writers to designate some of these fishes, and which
will be preferable, on that account, to a new one of our
own : both these are distinguished by having the body
covered with large diamond-shaped divisions, scored, re-
sembling network, separated from each other by a suture,
as if the hard skin had been regularly scored : hence
their bodies may be termed mailed and tessellated. 1In
Balistes, the tail is armed with three or more rows of
acute prickles, or lancets, which are entirely wanting in
Capriscus (C. velata, fig. 28.): each of these, again,

28 P

‘contain several sub-genera, readily distinguished in the
different forms observed in the first dorsal and the caudal
fins, and in the structure of the pelvis.t The aberrant
genera, as usual, contain fewer variations of form ; all
three, however, are at once separated from the typical
groups by the scale-like reticulations on their body,

* Having long prosecuted, at intervals, a particular analysis of this fa-
mily, with drawings of all the species we can procure, we beg to solieit
from those of our readers who have the means of assisting us, preserved
specimens (either dried or in spirits) ; and, more especially, the loan of co-
loured sketches or drawings made from the life : we make the same request
in regard to the chetodons, and the silures (Siluride).

+ The arrangement of M. Cuvier, founded upon the number of rows of
ancets on the sides of the tail, is obviously artificial, and otherwise ob-
ectionable, particularly as the above characters are entirely overlooked.
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above mentioned, being either very minute, or the skin
only granulated. These genera have been already
named by Cuvier, Alutera, Triacanthus, and Monocan-
thus. In this latter genus, some of the forms, as that
of Mon. bifilamentosus Less. (fig. 29.), are singularly
grotesque ; but
the sub-genera
have not been
investigated, and
much remains to
be done in deter-
mining their lo-
cation:some will,
doubtless, enter
as aberrant types
in the other ge-
nera ; nor is it at all probable that the genus T'ria-
canthus should contain only one typical example. If
the ichthyologist wishes to study the relations of all
these new divisions, he will find they follow each other
in the same series as that in which we have noticed the
primary families of the entire order. The analogies,
indeed, of the whole of this family, to that of the Che-
todonide, with which so many writers have incidentally
compared them (one of the best proofs of the analogy
being natural), are most particularly beautiful. But
we have no space for this inviting subject.

(172.) The sub-family Ostracine is composed of the
trunk or tortoise fish (0. argus Riipp., fig. 30.); so called

30 &

from their bodies being often quadrangular like a trunk or
o 2
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box, and from the plates by whichit is covered resembling,
in shape, those of the chelonian reptiles, or tortoises.
They are all fish of a small or moderate size, with rather
large eyes ; but very small mouths, armed with a few
conical and real teeth: so different is their internal
structure from that of the osseous fishes, that M. Cuvier
confesses that the greater portion of their vertebre are
cemented together ; and the ribs exist only in a rudi-
mentary state. They have no ventral fins, and they
have but one dorsal. This evident inferiority to the
Balistine at once shows them to be the sub-typical
group. Some of the ,species are furnished with
horn-like protuberances, giving them a very grotesque
appearance ; and all are so compactly covered with the
impenetrable and immoveable cuirass of the body, that
they have only the power of moving the tail, the fins,
and the thin lips of their little mouth. Most of the
species are found in the Indian seas.

(173.) Wenow come to the aberrant group, composed
of the Tetraodine, the Diodonine, andthe Cephaline :
these three are distinguished from the former by having
no true teeth, these processes being supplied by certain
lamina of an ivory substance placed inside of the jaws.*
They are also entirely destitute of the squamular plates ;
their body being covered with a simple skin, which is
either rough or beset with spines. In other respects
they have a general resemblance, both in shape and
structure, to the other cheloniform fishes; the dorsal fin,
however, is invariably single. A prejudice against
eating these fish seems to be prevalent in all the coun-
tries where they are found, and also a general belief that
mest of the species are poisonous. .

(174.) The Tetraodine t, or hare-fish (Tet. diade-

# M. Cuvier remarks, that these laminz of the jaws are essentially true
teeth, united together and succeeding each other as they are successively
worn out by the effect of triturition. If this be true, which there seems no
reason to doubt, it reveals an absolute point of analogy to the gliriform
quadrupeds, where the cutting teeth are renovated nearly in the same
manner.

+ It seems advisable to designate this group as the Tefraodine ; the
Teifraenine being a sub-family of rasorial birds,
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matus Riipp., fig. 31.), have acquired this name from
the sharp edges of the jaws being divided in the middle,

s0 as to present the appearance of four teeth —two above,
and two below ; and this structure also gives them a
remote analogy to the lips of the hare. The tail is
more lengthened than in any other of the cheloniform
fishes, in accordance with what we should expect in the
apodal type : the spines on the body are so short, that
they are mere prickles; while, in some, they merely
assume the appearance of rough asperities on the skin ;
the body is nevertheless, very slimy.* These fishes are
remarkable for having only three gills or branchia on
each side,—a structure which prepares the passage from
the Balistide to the Chironectide, where the number is
precisely the same. The rays of all the fins, except the
caudal, are covered by a thick skin ; and all the species
have small mouths with fleshy lips. The food of all
these small-mouthed fishes appears to be erabs and shell-

* Hamilton's Gangetic Fishes, p 5.
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fish, which they grind with ease by means of their
strong enamel jaws or hard teeth. As a passage from this
to the next sub-family, we arrange the singular shaped
T'riodon bursarius Reinw. (fig. 32.), for it partakes of
the general structure both of one group and the other.
(175.) The Diodonine, or globe-fish, have the jaws
not only destitute of any apparent teeth, but are even
without any divisions, so that each remains as one entire
piece ; yet behind their cutting edges, however, is a
slightly rounded protuberance, marked by regular fur-
rows, which supplies the place and office of grinding
teeth: the form of the bogy is more globose than in any
of this order ; and, when distended, becomes, in some
species, absolutely round : they are all armed with nu-
merous long and acute spines, of which, as M. Cuvier
observes, ahorse chestnut is a good miniature resemblance.
These fishes are confined to the tropical and warm
latitudes, chiefly of India ; and none seem to exceed a
very moderate size. The gills are five in number, and are
very slightly developed. The globe-fish, as well as
the tetraodons, are remarkable for the power of inflating
their body like balloons, to an enormous size, by swal-
lowing the air, and thus filling their stomach, This is
obviously a means of defence against their enemies:
M. Cuvier, indeed, remarks, that, when thus inflated,-
they turn topsy-turvy, the stomach being uppermost,
and they float to the surface, without being able to
direct themselves, This, however, seems somewhat im-
probable, and by no means according with what we should
naturally expect from fish so well provided with the
means of actively repelling their enemies. The follow-
ing account of the Diedon histriz L., by Dr. Hamilton,
seems a much more natural relation of its habits. “ This
fish is said to afford an amusing spectacle when taken by
a line and hook properly baited with some small crab or
other crustaceous animal : after having played round the
bait for some time in various directions, it seizes it with
a sudden spring ; but finding itself hooked, it exhibits
every appearance of the most violent rage, inflating its
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body and elevating its spines to the highest possible
degree, as if endeavouring to wound in all directions ;
till, after having tired itself by its vain efforts, it sud-
denly expels the air from its body, and for some time
becomes entirely flaccid. When drawn towards the
shore, however, it redoubles its rage, and again inflates
its body ; in this state it is left on the sand, it being im-
possible to touch it without danger till it is dead.”
(176.) The Cephaline, or sun-fish, are a most sin-
gular group : they grow to an immense size, and look
more like the dissevered head of a fish, than the entire
animal itself. There are but few species yet determined,
only one of which (Cephalus brevis) is found in the
European seas. It grows to a vast size, having been
said to reach the length of eight or even ten feet, and
the weight of 500 lbs. : it is sometimes observed to lie
on its side on the surface of the water ; on which occa-
sions it may be captured without difficulty. The false
teeth and mouth very much resemble those of the dio..
dons, — theformer being undivided. M. Cuvier affirms
that it is destitute of an air-bladder ; in which case it
probably swims at the bottom of the ocean. A new
genus of these fishes, Pedalion gigas Guild* ( fig.33.),
= of gigantic size,
inhabiting  the
West Indies, will
> be subsequently
£ “described. The
"'f sun-fish are sup-
/ posed to feed
principally  on
crabs and shell-
fish ; and they
are known to ex-
hibit, during the
night, a high de-

* The late and lamented Lansdowne Guilding, who, to the regret of

science, fell a victim to the ardour of his researches in the island of St
Vincent.
o 4
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gree of phosphoric splendour. The skin is not armed
either with spines or prickles, but is nevertheless very
rough ; norcan these fish dilate their stomach.

(177.) Before proceeding further, let us see what
results attend this new distribution of the cheloniform
family, by comparing the several divisions, all of which
have been instituted long ago, and adopted by M. Cuvier,
although in a different series to that in which they now
appear. We shall place, therefore, the sub-families in
one column, and the primary orders of fishes in another,

Analogies of the Bavistipzs, or Cheloniform Fishes,
with the PRIMARY ORDERS.

Sub-families of
the BALISTIDA.

1. Balistine. ID;’;;::LS fins two, armed “’“h}ﬂcamnn?ﬂﬂum

Darsal fin generally one ; therays
soft,

Caudal, dorsal, and anal fins 2
umnited, : } APODES.

; f Jaws neither bearing true, nor re-
. Diodonine. { presenting false teeth,

5. Tetraodine. 2 CARTILAGINES.

Analogies. Orders.

2. Ostracime, { }Mnmcnmawns.

2. Cephaline.

} PLECTOGNATHES.

(178.) The analogies of the first, second, and third,
are so striking, that nothing need be said by way of
further illustration. In respect to the third, we have
the means of stating, that, as it represents the apodal
order, by the union of its fins, so does it the Syngnathide,
not, indeed, in the form of its body, for nothing can
be more dissimilar, but in a part of its structure to
which we should hardly have looked for a resemblance,
namely, the eye (fig.33. a): this, we can state, on Guild-
ing’s authority, is of that particular construction seen in
the chameleon reptiles and the syngnathian fishes ; it is
conical and versatile, so that the fish ecan look different
ways at one time,—a most admirable provision for
such animals as are slow and heavy in their motions,
like the sun-fish and chameleons; or, by being fixed,
(like the pipe-fish) require great quickness of sight and
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a wide range of vision. One of the most striking cha-
racters of the Plectognathes is the deficiency of true
scales and teeth ; the latter is consequently more appa-
rent in the Diodonide than in any other, although, in
several other respects it is aberrant.

(179.) Again, some very singular coincidences will
arise by comparing this family with the primary groups
of the quadrupeds and birds, but the analogical rela-
tions will, of course, be-very remote. _The Diodonidee,
for instance, are the most aberrant of the whole circle,—
a station likewise held by the porcupines, the hedge-
hogs, and the spined rats, in their own proper circles
among quadrupeds: hence we immediately see one of
the analogical reasons, so to speak, of Diodon having
the longest spines of all the cheloniform divisions ; for,
had it been otherwise, there would, apparently, be want-
ing some one character by which all these diversified
groups would be analogically related. But into these
details it is needless to enter, seeing that, if we have not
erred in the foregoing table, all other analogies, near or
remote, will follow as a matter of course. We leave
the presumed analogy of the Tetraodine and the Carti-
lagines for future determination. When we consider that
little or nothing is known of the manners of these fishes,
and that, if the peculiar form of the eye in the Cepla-
line had not been discovered, nothing would have been
left to show their analogy to the Syngnathide, we need
not be sceptical on this point of our comparison : if
nothing was left to be discovered, our knowledge of
nature would be perfect.

(180.) The second family we consider to be repre-
sented by the CaironecTIDE, Or frog-fishes, at present
comprised under one genus ; yet the species and forms
are so few, that its internal relations cannot be made
out. The characters of this group are so different from
the Acanthopteryges, where Cuvier has placed it, that we
cannot discover one solitary character they possess in
common. The skeleton of Chironectes, instead of being
osseous, is, as M. Cuvier admits, semi-cartilaginous : the
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rays of the fins are all soft: the branchial opening, as
in the Balistide, is confined to a small slit or spiracle :
the operculum is concealed beneath the skin, so that the
branchia themselves are concealed. Not one of these
characters belongs to the typical osseous fishes ; while,
on the other hand, every one of them are characteristic
of the order now before us. Like the aberrant Balistide,
the branchial arches are very few—only four in num-
ber; and like them, also, these fishes have the power of
inflating their bodies like a balloon when agitated by
fear or anger. Their remaining characters, however, are
altogether peculiar; and even their very aspect is suffi-
cient to distinguish them ( Chir. histrio, fig. 34.) ; they are

the most grotesque—we had almost said the most hide-
ous—of all fishes, and, as their vernacular name of frog-
fish implies, they have nearly as much the appearance of
frogs or toads as of fish; this similarity may be perceived
in the head of Malthe nasuta(fig.35.). The late Mr.Ben-
nethas very justly insisted on
. the intimate affinity between
these strange-looking crea-
tures and the file-fish, or Ba-
listidee, — an affinity which
has only been disturbed, as
s we believe, in the Régne

Animal. The imagination

can scarcely conceive more fanciful forms than such as
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are actually found in this group; and the monstrous
combinations which painters have represented under the
aspect of animals, can scarcely surpass the singularity
of many of these real fish. True it is, that they have
their representatives, like the Balistide, in other groups;
but a slight degree of attention, even to their external
characters, will prevent them from being confounded
with any other; for, as M. Cuvier well observes, inde-
dependently of their semi-cartilaginous skeleton and
naked skin, destitute of any scales, the frog-fish have
each of the pectorals supported by two bones, analogous
to the radius and ulna of the frogs, although, in reality,
they belong to the carpus, and which, in this group, are
longer than in any other. The ventrals, again, are placed
much before the pectorals, and stand, as it were, upon
peduncles ; they are thus enabled to perform the office
of feet. The effect of this singular organisation is, that
these fishes can “ creep almost like small quadrupeds ;
the pectorals, from their position, performing the office of
hind feet;” and their nature is so truly amphibious, that
they can “‘live out of the water for two or three days;”
they are, in fact, so tenacious of life, that they have been
transported alive from the Tropics to Holland, ¢ where
they sold as high as twelve ducats apiece.”” M. Cuvier,
with his usual anatomic skill, has determined the cha-
racters of many distinet species, confounded under the
specific name of Histrio,—a name not given, as somehave
supposed, from any fancied activity of these animals —
for they are remarkably heavy and slow — but from the
patched and party-coloured spots with which they are
variegated.

(181.) We separate from the last group the Lophide,
or fishing frogs, which, although few in number, and
evidently connected to the Chironectide, nevertheless
present us with so many peculiar characters, that we
look upon them as representations of a family, rather
than of a genus. These reptile-looking fishes have the
head enormously large, broad, and depressed ; the mouth
very wide, armed with pointed teeth, and furnished
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with cirri: the branchia are only three, and the spiracle
small ; in other respects, their skeleton,— the situation
of the pectoral and anal fins, the vertical position of the
eyes and of the mouth,— all approximate these hideous
fishes to the Chironectidee, with which they were placed
by Linneus in his genus Lophius. The angler, or fish-
ing frog, of Britain, is a good example: it is said to
hide itself among weeds and mud, where, by agitating
the long filiform processes on the head, it attracts the
small fishes upon which it preys. How far the genus
Batrachus of authors, as it now stands, forms a part,
if any, of this group, it is,almost impossible to deter-
mine. It seems clear to us, that several distinct types,
naturally belonging to groups in the acanthopterygious
order, have been placed in this; the essential characters
of which are, that the skeleton is semi-cartilaginous, the
skin invariably destitute of true scales, and the pectoral
and ventral fins pedunculated. M. Agassiz has not
failed to remark the affinity of such fish as his Bafrachus
punctulatus® to Cottus, Uranoscopus, and Trachinus,
with which we believe they are truly connected ; but so
much obscurity hangs over this group, that we shall
restrict it, for the present, to those which are destitute
of true scales, however small, and whose ventral fins
are, in some measure, pedunculated.

(182.) We place the SynagNaTHID.E as the last and
most aberrant type of this order, to which it is to be
referred on account of its imperfect skeleton, its spi-
raculated aperture, and the slight development of all
those characters which constitute the typical perfection
of fishes. Place these singular-looking creatures where
we will, they remain, at present, a very detached
group ; while, if the modification of their branchia,
partly composed of little tufts, is of such primary im-
portance, the silurian Heterobranchi of Geoffroy Saint=
Hilaire have an equal claim to be classed as the re-
presentatives of a distinct order. The mode of re-

* Spix and_Agass. Brazilian Fishes, pl. 74.
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spiration, or the form of the branchia, in all animals,
must be variable in that part of the series of beings,
or those links of her chain, where Nature is about to
assume some other form of structure: it consequently
follows that, in such cases, the character which heretofore
she has assumed, sinks into secondary importance, as a
sole instrument for classification, where it is about to
be quitted and exchanged for another; and if we wish to
follow Nature in her own course, we must not merely look
to one of her characters, but to all. The insessorial order
of birds, for instance, are strictly terrestrial, yet there
is one genus among them —the Cineli, or water ouzels
—which are altogether amphibious. If, therefore, we
are to adopt the idea that the Syngnathide, on account
of their branchia, should be considered the represent-
ation of a distinet order, the same rule, by parity of rea-
soning, should be followed in the case of Cinclus : all
the insessorial birds would thus be divided into two
orders, the terrestrial and amphibial ; the Cineclus alone
coming under the latter. Now, as it is by this order
that the class of fishes pass into that of the Amphi-
bia ; so it is not only probable, but almost necessary
to the harmony of the series, that the great difference
in the repiration of these two classes should be marked
by animals presenting a union of both. The branchia
of the Syngnathide, as we conceive, are precisely of this
deseription ; and while this one character determines
the situation of these fishes in the natural series, we
must class them in that order, to which, in all other
points, they bear the strongest resemblance of affinity.
Indeed, there is no great innovation in this, because M.
Cuvier himself places the Syngnathide close to the
Balistide, The structure and appearance of this family
are as remarkable as its economy and habits. From
their long slender bodies, they have got the name of
pipe-fish : the snout is excessively lengthened, and is
terminated by a little mouth, opening almost vertically,
and destitute of teeth: the body itself is covered with
a cuirass of bony plates, which renders it angular : the
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operculum is large, but confined ; and the aperture is
merely a spiracle: the branchial rays are much the
same as in ordinary fishes; but the branchia themselves,
instead of being fringed or pectinated, form a number
of small rounded tufts or fascicles. In what seems the
typical division, a most singular conformation prevails,
discovered so far back as 1785, by Walcott, a learned
naturalist of this country, whose words we shall here
quote. ¢ The male (of the Syngnathus) differs from the
female, in the belly, from the vent to the tail fin, being
much broader, and in having, for about two thirds of
its length, two soft flaps, which fold together and form
a false belly or pouch. They breed in summer, the
female casting her roe into the false belly of the
male.”* Here the eggs are matured ; and the young,
when ready, escape from the capsules and shift for
themselves.  Nevertheless, it appears certain that, as
in the marsupial quadrupeds, the young again resort to
this natural shelter, even after they have quitted it for
the first time. Mr. Yarrell says, ‘I have been assured
by fishermen, that if the young were shaken out of the
pouch into the water, they did not swim away, but when
the parent fish was held in the water in a favourable
position, the young would again enter the pouch.”
Another extraordinary peculiarity of these fish,—at least,
of those of the genus Hippocampus,— is the prehensile
nature of their lengthened and finless tail ; they twist
this member round the stems of marine plants, and
in this position dart upon such small insects or other
animals as come within their reach. “ The eyes move
independently of each other, as in the chameleon : this,
with the brilliant changeable iridescence about the head,
and its blue bands, forcibly remind the observer of that
animal.” This analogy is still more perfect, from the
fact of the chameleon fixing itself, as it were, by the
tail, when looking out for its prey, precisely in the same
manner as the Hippocampus. Analogies so strong be-

* See Yarrell's British Fishes, vol. ii. p. 328., where the reader will find
many other interesting particulars relative to the group.
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tween fish, reptiles, and quadrupeds, are too remarkable
to be incidental ; and it is an extraordinary fact, that, if
we place the circles together, which compose these par-
ticular groups, we find that, at these points, at least, they
stand opposite each other.

Analogies of the SYNGNATHIDE,

Circle of the Circle of the Circle of the Circle of Class
Plectognathes. Reptiles. Gilires. Pisces.
Balistida. Saures. ? Acanthopteryges,
Chironectida. Ophides. ¢ Malacopteryges.
Lophidz. Elanosaures. Gliridae, Cartilagines.
? Chelones. Hystricida, Plectognathes.
Syngnathide. Chamelides. Marsupidee. Apodes.

Our present business is only with the Syngnathide,
which —if the situation here assigned to them among
the Plectognathes be the true one — is found to repre-
sent the chameleons, by its eyes and its prehensile tail ;
the kangaroos (Marsupide), by its marsupial pouch ;
and the apodal fishes, by its want of ventral fins, its
eel-like form, and its very long tail, often destitute of
a distinct caudal fin. The experienced naturalist will
perceive that the series of these columns are not altered
to suit our present object, but entirely repose on the
analysis of the groups,— these reciprocal analogies hav-
ing arisen, as it were, incidentally ; for they have never,
until now, been in the least suspected.

(188.) It will be seen, that in the first column we
have expressed a doubt as to the family type which
- should fill up the hiatus between the Lophide and
the Syngnathide; and yet there is a most extraordi-
nary fish, of a structure altogether unique, which, if
it belongs not to this class, we know not where to
arrange ; we alludeto the genus Polypterus of Geoffroy
Saint-Hilaire, a freshwater fish of the Nile, and which
that distinguished zoologist considers as forming in some
degree a connecting link between the osseous and the
cartilaginous orders: the opinion of such a profound
and experienced observer must always carry with it much
greater weight and influence than our own— and the
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more so in the present case, because it gives a sanction,
in some sort, to the conclusion we have almost come to,
that this idea of its relations is founded in nature, and
that Polypterus, in reality, may ultimately prove the re-
presentation of that fifth type of the Plectognathes,
which we have long been searching after. Limited as is
our space, the structure of this fish is so remarkable, that
it must not be hastily passed over ; the annexed figure of
P. Niloticus ( fig. 36.), aided by the following description,

36 a0 s e

abridged frem M. Geoffroy’s own account, are therefore
placed before the reader. The usual length of the Nilotic
Polypterus is about eighteen inches, and its colour is sea
green, paler beneath, and marked with irregular black
spots: it bears some resemblance to certain genera in
the Esox, or pike family, by the shape of its body, &c.;
but these seem to be very distant. The shape is long and
anguilliform—thebody being nearly cylindrical: the head
is defended by large bony plates ( fig. 837.) ; and the body

covered, or rather mailed, with large strong scales of a
stony hardness, and so firmly attached to the skin that
it is hardly possible to open the fish with a knife ; so
that the natives only draw off' the skin whole, after the
fish has been boiled. The pectoral and ventral fins,
but particularly the former, are attached by a sort of
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strong and scaly base or cubit, allowing the same sort of
motion as in those of the Chironectidee. The pectoral
fins are placed close to the head, and are large, broad at
their base, and much rounded ; but the ventrals are ex-
cessively remote from them, being situated very near the
caudal, close to which latter is the anal. The caudal is
rounded, and extends further upon the superior than
upon the inferior part of the tail, where it is met by a
long row of numerous dorsal finlets, which extend along
the whole of the back to within a short space of the
head : the number of these finlets varies from sixteen to
eighteen, each being of an oval shape, and furnished
with a very strong spine at its base or origin, while the
remaining part consists of four or five soft and branched
rays, connected by a membrane : the first, or spiny ray,
at about two thirds of its height, sends off a small as-
cending point or spine. The rays of the caudal fin are
soft and articulated, but so disposed in the membrane
as to allow of little freedom of motion. The eyes are
small and round : the mouth of considerable width; and
the jaws furnished with a row of rather small and sharp
teeth ; while the tip of the upper lip has a pair of small
and short cirri: the vent is close to the caudal fin, and
at the commencement of the anal. The branchial aper-
ture is large ; but in place of a membrane, there is only
a single bony plate, or semicircular arch. The stomach
is long and large ; the liver long, and unequally Jobed ;
the swimming bladder double, and loose ; the ovaries
long, and the eggs about the size of millet seeds. This
highly singular fish is very rare, and is called Bichir by
the Egyptians. It is generally supposed to inhabit the
depths of the Nile; usually remaining in the soft mud,
which it is thought to quit only at particular seasons :
its flesh is white and savoury. Not having seen this
type, we can only form some opinion of its relations by
the foregoing description of M. Geoffroy. The only
circumstance which makes us hesitate in placing it defi-
nitely in this order, is the circumstance of the branchial
aperture being large, —a structure altogether unexampled
VOL. I. p
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among all the genera of this order we yet know. The
plates of the body, again, although of such excessive
hardness, appear, from the figure, to assume the form
and imbricate disposition of true scales ; and this struc-
ture is again at variance with all the other Plectognathes.
Nevertheless, these deviations in an extreme aberrant
type are not altogether insurmountable, under the ecir-
cumstances of its possessing the pedunculated pectoral
and ventral fins of the Chironectide and the Lophide,
joined with their small and almost vertical eyes—a
single ray (if we understand the description) to the
branchia—and the uncommon hardness of its covering.
It has an obvious relationship to the genera Lepisosteus
and Sudis among the Salmonide ; but whether this is of
analogy or affinity we know not. The preponderance
of its characters, looking especially at the imperfect de-
velopment of the branchia, appear to us to be towards
those of the Plectognathes; but this must be consi-
dered and determined by others who have better op-
portunities of investigating the question. Presuming,
however, that Polypterus is actually related by affinity
to the Syngnathide and the Lophide, it will be seen that
certain analogical characters would come out, rather
tending to strengthen this supposition. As we have not,
therefore, tested the order by itself, or by that of the
others in the class, we shall do so in the following table ; —

Analogies of the Puecroenatugs and the Orders of
Fisues.

Analogics. Orders of

Fisugs.

Families of
PLECTOGNATHES.

The most perfectly organised : the
Balistida. types with spinal rays, and with > ACANTHOPTERYGER.
thin membranes to the fins,

: : . ¥ Fins thick, fleshy; the rays soft am,i}
Chironectida. { arteviatol MALACOPTERYGES.

Lophide. Eody mailed : mouth with cirri.  CARTILAGINEs.

.y § Branchia slightly developed : pec-
Polypterida(?). toral and anal fins pedunculated. PLECTOGNATHES.

Syngnathide.  Tail very long, attenuated, APODES.

It is needless to enter further into the first two of
these analogies, because they must be quite apparent to
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the reader: respecting the third, he will remember
that the primary character of the Cartilagines is not the
construction of their skeleton, which applies only to
them as fishes, but the great breadth of their head,
which extends to all the classes of the vertebrated circle:
hence, even if the skeleton of the Lophide was not
semi-cartilaginous, yet the excessive size and width of
their muzzle assimilates them at once to the rays and
torpedos, which are the cartilaginous types. The ver-
tical outlines, in short, of the torpedo and the fishing-
frog, are almost so alike, that, if the details were not
filled up, one could hardly be distinguished from the
other. We have already stated the characters by which
Polypterus may be placed among the cheloniform fishes ;
and the analogy of the Syngnathide to the apodal order
has also been touched upon.

(184.) Our chief attention, however, must be di-
rected to Polypterus ; and, with the hopes of arriving
at more definite ideas regarding its true affinities, we
shall compare the presumed contents of the order Plec-
tognathes with those of the cartilaginous order, thus: —

Analogies of the PrEcroeNaTnES and the CARTILAGINES.

Familv of - Families of
PLECTOGNATHES. Analcgics: CARTILAGINES,
i The types generally furnished with spined 4 :
Balistide. { rays on their dorsais, } SQUALIDE.

Chironectidee.  The fins always fleshy, and with soft rays. Rainz.
Lophide. Head or muzzle excessively broad. PornvonoNing,
Banchial aperture very open; body

Pﬂfypfﬁﬂﬂwlz?}.g mailed ; wmouth cirrated; gill mcm-}ﬁmulc}xlnm_
brane one-rayed, or none,

Tail long, attenuated ; caudal fin obsolete,

or none ; mouth very small. }f‘ HIMERIDE.,

Syngnathideae.

Passing over the three first, we must confess that
our belief in the alliance of the Polypterus with the
Plectognathes is considerably strengthened, when we
now bring it into comparison with the sturgeons (Sturi-
onide), — a test we had not applied to it when writing
the former paragraphs, because we wish this arrange-
ment to repose, not upon the analogies, but on the
affinities, of the groups. These two types are the only

r 2
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ones in their respective circles which have the branchial
aperture unusually large ; both have the body much
lengthened ; both have the gill membrane either with-
out any rays, or with merely a single pair; in both,
the caudal fin surrounds the extremity of the spine, and
(what is very remarkable), in both these types, the
upper portion of the caudal is longer than the lower.
Polypterus is not more unlike the other cheloniform
fishes, than Acipenser is unlike the rays and the sharks ;
and yet the latter affinity has been universally acknow-
ledged. Unfortunately, however, we cannot make out
whether M. Geoffroy’s original memoir on Polypterus,
which we have not the means of consulting, mentions
any thing of the nature of the skeleton : if this is truly
sub-cartilaginous, the question, we think, would be at
once decided ; but if it is osseous, the probability is
diminished of this perplexing type entering into the
present order. There is, indeed, an evident — though,
we think, a distant — resemblance between the form of
Polypterus and some of the Siluride, — a resemblance
which results from the one, apparently, representing the
other, as will be seen in the following comparison : —

Families of the PLECTOGNATHES. Families of the MALACOPTERYGES
Balistidae. Pleuronectidea,
Chironectida, Salmonide,

Lophide. Cobitide.
Polypteride (2). Siluride.
Syngnathida. Gadida.

But it is not necessary to prolong this discussion ; and
we shall, therefore, at once proceed to the next order.

CHAP, VIIIL

ON THE AFODES, OR ANGUILLIFORM FISHES.

(185.) Tue fishes belonging to the Linnzan order of
Aropes,—a name which we shall now revive, —are not
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-
more numerous than those of the last, yet they are
equally well marked ; nor can they be blended into any
other of the classes without a disregard to those natural
relations which, as we have already seen, constitute them
a primary division, Their slender, cylindrical, and
serpent-like body, as seen in the eels (dng. acutiros-
tris Yarr., fig. 38.) generally destitute of scales, and

covered with slime, separates them, at first sight.
from the Plectognathes, or cheloniform fishes ; absenc®
of ventral fins detaches them equally from the order
Malacopteryges ; while the softness of their fins, the rays
of which are never spinous, no less separatesthem from the
Acanthopteryges.  Finally, from both these latter orders
they are further distinguished by having the operculum
and branchia concealed ; the former being covered with
the common skin of the head, which only leaves a small
slit or spiracle (@), by which they breathe. This latter
is a universal character ; and is the more to be valued,
since, whatever eel-shaped or anguilliform fishes are
found scattered in other types, even though they may
have soft fins, or only the rudiments of ventrals, yet
they never have these two characters united with the
spiraculated aperture.

(186.) The Arobes, as we have already shown,
occupy that part in the series of fishes which mark
the transition from the cartilaginous to the osseous.
Hence no definite character for them is to be derived
from the nature of their skeleton, except this, indeed,
—that a gradual progression in its development may be
traced in the different families, from the semi-carti-

P 3
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laginous structure of Lophius, to the bony skeleton of
most of the eels ; and, at the same time, a falling off
to the faintest indication of the vertebral column, as in
Myxene glutinosa ( fig. 39.), which all authors agree in

placing near to the worms. ,The order, however, stands
in no need of any additional characters than those we have
pointed out. The common eel may be cited as the most
perfectly typical of the whole; while the eel-shaped
lampreys, as all writers agree, indicate the manner in
which the class of fishes blends into that of the annulose
animals, or insects. It may further be remarked that
this, no less than the other two aberrant orders of fishes,
affords us no example of true deciduous scales. Never-
theless, as the Apodes blend into an order where this
sort of covering is almost universal, we now begin to
see their incipient commencement. Many of the eels,
for instance, have very small scales, but so covered over
by their thick and fat skin, that they are scarcely visible
when the animal is alive. True scales, on the contrary,
are always placed upon the surfuce of the skin, and, as
every one knows, may be easily detached, or even rubbed
off  Linn®us, indeed. placed all fishes not having
ventral fins within the limits of this order, and hence
rendered it a most artificial assemblage. M. Cuvier,
who still preserves the major part as a distinet and
“ patural family,” has much improved on this arrange-
ment ; although he has still left in the group several
genera, which, to our views, are evidently separated from
their true congeners. Ophidium and Fierasfer, from
having unattached opercula, and wide branchial aper-
tures, we arrange with the Gadide : Ammodytes, in like
manner we refer to the Gymetres, or riband-fish, with
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which, also, we suspect some of Gymnarchi are natu-
rally allied.

(187.) Our general sketch of this order must be very
brief ; for, as we have not space for a lengthened expo-
sition of every family, we shall only dwell upon those
which more especially seem to require elucidation; and
the popular history of the eels, and other well-known
fishes belonging to this group, however interesting,
is not exactly suited to the nature of these volumes.
We shall therefore at once proceed to the natural families
of which the order appears to be composed, referring the
reader to the general synopsis for the characters of the
minor divisions.

(188.) The eels appear to arrange themselves into
two divisions : the one, which we designate the Mu-
reenide, having two branchial spiracles in their ordinary
position ; and the Sphagebranchide, or sea eels, where
“the branchial spiracles are either close together or united
into one, and in both cases are placed under the throat.
These we denominate the typical groups. The three
aberrant depart more or less from this structure, and
each assumes some of the characters of that particular
order to which it leads: thus, the Gymnarchide have
the head and body compressed, as in ordinary fishes,
and the scales are more developed than in the other di-
visions ; because this group, as it appears, leads to the
acanthopterygious order. The Petromyzonide, or lam-
preys, have the skeleton almost obsolete; the body worm-
shaped, and without scales : some of these lead to the
Vermes, and others to the cartilaginous order. Lastly,
we have the Cyclopteride, or suckers, characterised by
their ventral ring; thus connecting the Gymnarchide to
the Plectognathes, by means of the lump-fish and the
Lophide, or frog-fish. A few general remarks upon
these groups seem to be necessary, because, however
nearly we think they are related, they have never before
been assembled together. -

(189.) It will be observed, in our last chapter,
that the Lophide are placed at one extremity of the

P 4
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cheloniform order, and at that particular part which
forms a passage to the Apodes. Now this passage, as
we conceive, is effected by that singular-looking fish—
scarcely less grotesque than the Lophius — familiarly
called the lump (Cyclopterus Ilumpus*): both these
have their skeleton more or less cartilaginous, particu-
larly the latter, which, by the intervention of Liparis,
becomes intimately connected with Lepidogaster and the
genus Gobiesox. The passage from these to the eel-
shaped genera, is obviously effected by Cuvier’s genus
Alabes: from this we have an uninterrupted series of
forms through the two typical families of the Mure-
nide and the Synbranchide : these latter, again, are
closely connected to the Sternarchide ; and thus we are
led to the last and most imperfect of all fishes, namely,
the Petromyzonide : between some of these latter and
Liparis, as well as with our new genus Rupisuga, there
is an obvious affinity; and thus, having returned once
more to the Cyclopteride, the outlines of the circle be-
come sufficiently marked to make us believe that the
whole form a natural group. '

(190.) Nevertheless, from not having finished, at
present, the analysis of this order in its more minute de-
tails, we feel some lurking doubts as to the precise situ-
ation of the family Petromyzonide, or, rather, of some of
its genera. The analogies, however, of the other groups
to those of the orders, appear sufficiently strong to lay
before the reader : they may he stated as follows:—

Analogies of the Apopar Order.

Families of ’ Orders of
the APODES. Analogies. FisHES.
1. Murenide, { Skﬁ:m; gf:e;ilil:e:dfhe mask } ACANTHOPTERYGES,
2. Gymnarchide. Sub-typical. MALACOPTERYGES.
: Head broad ; the snout de-
3._ Cyclopteride. pressed and obtuse. }Cannnmmﬂs.

4. Petromyzonide, {Eﬁ:cﬁ::t“ S Sm“‘"’} PLECTOGNATHES.

5. Sternarchide. Tail excessively long. APODES.

* See the figure, and an interesting description of its habits, in Mr,
Yarrell’s Brit. Fishes. i
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It is somewhat singular that the first, third, and fifth
of these analogies are more clear than the intervening
ones: and yet this very circumstance, instead of weak-
ening, rather tends to strengthen, the probability of the
whole being correct; for it cannot be doubted that M.
Cuvier is perfectly right in placing Gymnarchus imme-
diately after Murena: and as all writers, ancient and
modern, agree in the opinion that the lampreys and the
Myxene, of all fishes, are those most allied to worms,
so they become the most aberrant of the order. Again,
the skeleton of Mywxene is so slight, that it is not even
cartilaginous ; while that of Liparis, among the Cyclo-
pteride, is equally imperfect, being almost gelatinous. It
may be further remembered, that very small eyes is one
of the characteristics of the cheloniform type; witness
the whole of the Balistide and the Chironectide, nu-
merous genera of the Siluride, &c.: now this limited
vision is carried to its highest imperfection in the lam-
preys; for some of the genera are actually blind, having
no eyes whatever. Finally, of all the apodal order,
length of tail, which is one of its primary character-
istics, is especially developed in Sternarchus, so named,
because, although it is a long fish, the anus is close to
the sternum. Nevertheless, we wish it to be remem-
bered on this, and on all other occasions, that analogies
(however necessary to the confirmation of an arrange-
ment supposed to be natural) are of inferior importance
to affinities.

(191.) In regard to the situation of Petromyzon,
which we have removed from the Cartilagines, it is quite
clear that no one would have arranged it in the same
order with sharks and rays, but for the similarity of its
branchia. Now, if this part of its structure is really of
such importance as to decide its place in nature, it
may be fairly asked, Why is not this absolute rule acted
up to in the case of Myxene, whose branchial apertures
are like those of the eels? These two genera cannot be
separated : and is not Myaene infinitely more allied, in
all parts of its structure, to Gymnarchus, than Petromy-

e ——
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zon is to the sharks? No one will dispute this. What,
therefore, is the logical deduction, but that the Petro-
myzonide should be naturally arranged with those fishes
with which, in their general organisation, they have the
nearest resemblance? The structure of the branchial
apertures, indeed, in this group, are so variable, that
they absolutely become hardly sufficient to characterise
a genus ; much less to determine an order. Among the

Gymnarchide, or sea eels, for instance, they are close to-

gether and under the throat in Sphagebranchus; united
almost into one in Monopterus ; single, and round, in
Synbranchus ; before the pectorals in Gymnotus, and be-
hind them in Mur@na: in short, they almost assume
every possible form and situation within the limits of a
few genera,—a clear proof how completely secondary these
characters become in the present group. It would seem,
indeed, that Nature, upon leaving the annulose circle,
and entering that of the fish, intended to show us all the
forms of variation in the first group, which she after-
wards employs to characterise higher divisions: this
she has done in the class Aerita, as Mr. MacLeay has so
beautifully illustrated #; and the same remarks may be
made applicable to the group before us: the least or-
ganised of all the fishes, as the Acrita are the least
among animals,

(192.) But there is another inference to be drawn
from the peculiar structure of the lamprey, sufficiently
important to merit a separate notice. In a former vo-
lume, we have stated the proposition that one of the
primary laws of the circular succession of all groups is,
that the three aberrant divisions constitute a circle of
their own, independent of their connection to the ether
two ; from which it follows, that the primary circles in
every group (when that group is perfect in all its parts)
are three, although they appear to be five. We have
shown that this is more than probable in the union of
the monocardian animals ; and even Cuvier confesses
the affinity of certain of the cartilaginous order to rep-

* Hor, Entom, See also Classif. of Animals.
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tiles: and when we consider that some of the foreign
eels have actually no fins whatever, the unly essential
difference that remains between them and serpents is
their diverse modes of respiration. This theory, again,
receives strong support, if not direct confirmation, by
the structure of the branchia in Pefromyzon, which is
precisely that of the cartilaginous fishes ; it thus effects
the union of that order with the Apodes, so that the
three aberrant divisions of the whole class become united
into one circle : there is, in short, no other mode of ac-
counting for this singular departure of Petromyzon from
Myaxene and Gastrobranchus,—two generawith which, in
- all other respects, it is so naturally and confessedly allied.
Viewed in this light, the apparent anomaly becomes abso-
lute harmony ; since, were the branchia of the lampreys
like those of the Mywene, no passage whatever could be
traced between the Apodes and the Cartilagines.

(193.) Without entering, in this place, into sci-
entific details, or lengthened popular descriptions, we
may yet make a few general observations on the dif-
erent families under which, for the first time, we have
distributed the genera. The typical families, Mure-
nide and Synbranchide, comprise all the true eel-
shaped fishes, having serpent-like bodies, long and
cylindrical : they are either naked; or with scales so
minute as to be barely perceptible. In the first,
the branchial spiracle, or opening, is situated as in the
generality of fishes, that is, on the sides of the neck,
close to the pectoral fin (fig. 38. a) ; but, in the latter
family, they are always placed on the under part of
the throat, and thus are close together. Their general
aspect is so like that of reptiles, that they may be termed
serpent-eels, in contradistinction to the former, or true
eels. The habits of the Murenide, in general, are pretty
much the same as those of the common eel and the
conger. Some few are confined to fresh waters, but the
majority live near the mouths of rivers. The eels, pro-
perly so called, have pectoral fins ; but in the Mwrene,
or sea eels, no pectorals exist, as in Gymnothorax Zebra

et e 8
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(fig. 40.). From the

peculiar structure of their gills,
‘10 "—"’ﬂ._f:;":-

the eel is capable of living out of the water a consider-
able time—some say many days; and when the waters of
one of their haunts are dried up, they are well known to
have the power of making, their way by land, during the
night, to other localities where water exists. They feed on
almost any thing— subsisting both upon living and dead
animals, and also on aquatic plants. The genus Alabes
is particularly remarkable from having a small concave
disk between their pectoral fins ; so that the connection
between the eels and the suckers (Cyclopteride) is ren-
dered complete.

(194.) The circle of the Murenide contains by far
the greater number of the apodal fishes ; and presents
us, under the general form of the eel, with a great di-
versity of modifications. In the most perfect or typical
division, the sub-family Anguilline, or true eels, the pec-
toral fins are always present, as in the conger (fig.41.):

the head is depressed, the muzzle rather obtuse, and the
teeth small: the branchial spiracle is in the form of a
slit (a), placed just before the base of the pectoral fin,
‘but rather below it ; and the nostrils are always tubular ;
the dorsal, caudal, and "anal fins are united into one:
but in the new genus Ariosoma Sw. the nostrils are
not tubular, and the branchial aperture is in front of the
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pectoral. Several of these fishes inhabit the Sicilian
shores ; and they are richly coloured with silver reflec-
tions, very different from the lurid hues of the true eels.
Another extraordinary form is seen in our Leptognathus
owyrhynchus (fig. 42.), which immediately reminds us

of Laurida, Sphyrena, and all such analogous types; it
has the pectoral fins of Anguilla, but with the naked tail
of Ophisurus Lacep.: this, also, seems one of the rare Si-
cilian fishes unknown to modern writers. Several others
will be found designated by professor Rafinesque. The
next sub-family of Murenine contains those eels which
are altogether destitute of a pectoral fin; but the two
branchial spiracles are placed, one on each side, in the
same situation as the last. The name of this division is
taken from those species which were so highly esteemed
by the Romans ; and therefore M. Cuvier has very pro-
perly rejected those of more recent nomenclators, *
Among these there are even more variations than in the
Anguilline, not merely in the structure of the teeth, but
in the form and relative proportion of their fins. The
most typical have the
dorsal and analunited :
but in the singular
genus Dalophis Raf,
( fig. 438.), with which
M. Cuvier says he is
not acquainted, the
end of the tail is com-
pletely naked (a), as
in our Leptognathus ;
while in Nettastoma Raf., which was likewise un-
* Gymnothoraz Bloch ; Murenopsis Lac.; Anguilla Raf,
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known to him, the branchial apertures are even more
beneath the neck than in Dalophas, although the fins are
like those of Murena. These instances, taken almost
at random, will be sufficient to show how very little is
yet known of the European genera and sub-genera or
this order, and may stimulate foreign ichthyologists to
explore more distant seas, where numerous others will,
no doubt, be discovered.

(195.) The Synbranchide, or serpent eels, are all
marine, and numerous species are scattered in all the
temperate and tropical latitudes: excepting the Petro-
myzonide: they are the lpast organised, as fish, of any
in the order, for some of the fins, exclusive of the ventral,
are often wanting ; and in Ceecilia Lac. all these organs
of motion totally disappear. The species contained in
this division, hitherto determined, are few ; but we be-
lieve very many have been overlooked, more especially
in the Régne Animal, where we find no notice taken of
those discovered on the Sicilian coast by professor Ra-
finesque, who has characterised several excellent sub-
genera, to be found in our synopsis.

(196.) The Sternarchide are so named from the
body being so excessively short that the vent is close to
the sternum. Nevertheless they are very long eel-shaped
fishes, although the body is more or less compressed ;
sometimes (as in Carapus) covered with visible scales,
and having altogeiher something of the appearance of
ordinary fishes. In all these the spiracles are lateral, and
they all exhibit a tendency to blend into the acanthopte-
rygious, or spine-rayed order. The famous Gymnotus
electricus, or electric eel of South America, seems to
belong to this division, which (if its analogies are ex-
amined) will be found to represent the torpedos in the
circle of the Raide, and the electric silures in that of
the Siluridee. All the species hitherto known—and they
are but very few— occur out of the European range, ex-
cept, indeed, that curious genus Leptocephalus, which
clearly represents, in this family, that of Amphioaus in
the next. -
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(197.) The Petromyzonide, or lampreys, for the
reasons already assigned, we have placed as the most
aberrant family in the order., Their very low state of
organisation renders them the most imperfect of all
vertebrated animals, or, at least, of the whole class of
fishes. Their skeleton is so soft as not even to be car-
tilaginous : the vertebre are indistinct, and are per-
forated by a central tendinous cord, filled with a muci-
laginous substance ; the vertebral column thus becomes
a series of rings, and is hardly more solid than the mu-
cilage within. The gills, instead of being pectinated,
as Cuvier remarks, more resemble pouches, resulting
_from the union of one of the faces of one gill with the
opposite face of the neighbouring gill. In some there
are seven branchial spiracles on each side, but in others
only one. Their external form, however, is quite suf-
ficient to make them immediately known. The body
is eel-shaped, devoid of ventral and pectoral fins, or, in-
deed, of any true fin; for that elongation of the skin
which forms the dorsal and unites to the ventral is devoid
of any rays: the mouth is circular, placed on the lower
part of the head, and forms a maxillary ring. Such
as have the mouth armed with rows of strong teeth and
tubercles, like the true lampreys, are able, by this ap-
paratus, to adhere to stones and other substances with
astonishing tenacity ; by the same means they are said
to attack the largest fishes, which they pierce and devour
by their rasp-like teeth. Of this very remarkable family,
three principal types, or genera, are only known : the
first is Petromyzon, or the true lampreys, having several
lateral spiracles; the second is Mywene ®, where the
spiracles are only two ; the third is represented by the
Amphioxus of Mr. Yarrell: the whole may be charac-
terised by having the skeleton almost mucilagineus ; the

] * Suhﬁeq_uetnthr named Gasfrobranchus by Bloch, who has admirably
illustrated its internal structure. This group, as seen in the Hégne Animal,
is another instance of the Linn®an genus Myrene being nominally retained,
but virtually abolished : Cuvier divides Myrene into three genera, but does
not retain the original name to any one. The nomenclature and the
arrangement appear to us equally objectionable,
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mouth placed beneath, presenting, when closed, the ap-
pearance of a fissure placed longitudinally, and not, as
in all other fishes, transversely with the body : the eyes
are very small: the rays of the fins are obsolete, or
nearly wanting ; and there are no ventrals or pectorals,
Between Petromyzon on one side of Amphioxrus, and
Mywxene on the other, there are still wanting two types
to complete the circle of this family : one of these types
would also fill up the only link wanting between Amphi-
oaxus and Leptocephalus; while the other would connect
Amphioxus with Liparis and the lump-suckers,

(198.) The Cyclopteride, or lump-suckers, form the
concluding family of this order. Like the last, their
skeleton is so soft, that some of these fishes are said to
dissolve after death into nothing but jelly, or mucilage:
like the lampreys, also, they are adherent, or suckers ;
but this faculty, instead of lying in their mouth, is

transferred to the pectoral and ventral fins, both of
which, by hemg united into a circular disk ( fig. 44.),
B form two power-

ful suckers, by
which these ani-
mals adhere to
rocks, stones, or
other substances, and even to the hand of those who
capture them. They are smooth, destitute of scales,
and of an ugly appearance. Sometimes the disk, as
in the genera Liparis and Cyelopterus, is only single ;
but in Lepadogaster® and Rupisuga, it is double.
Like all the fissirostral types, or their represent.
atives, the head of these fishes is uncommonly large
and greatly depressed, although the body is compressed :
the snout is rather lengthened and obtuse; so that, in
short, we are presented with such a miniature resem-

* The genus Piecephalus of Rafinesque appears to differ from this, in
having the ventral or abdominal fins forming a semicircular plate, whose
concavity is turned towards the head, and furnished with scattered cup-
shaped suckers (sparse df cupule sumf;mnﬂj ; there is no operculum, but
a three-rayed membrane ; and the tail is heart-shaped, or emarginate. —
Raf.Carait. p. 69.
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blance to that of the generality of sharks, that the out-
line of the head of one would almost serve for that of

the other. A new species from Sicily, — the specimen
of which, sent to the British Museum, but now lost, —
is here figured from our original drawing ( fig. 45.).

(199.) The union of the sucking fish with the eels,
as before observed, is effected by Cuvier's genus Alabis,
and Rafinesque’s Piescephalus. This latter is placed by
Rafinesque with the eels, with the observation, that it
~ has several characters of conformation with Lepadogas-
ter; and there is good reason for the remark, for both
have the power of adhering, by means of concave disks
on the throat. Although we have never seen this ex-
traordinary fish, we feel perfectly sure that future inves-
tigations in the Mediterranean will bring it again to
light. But whether we take this for the connecting link,
or Cuvier's genus Alabis, we find the suckers brought
into immediate union with the eels,— thus uniting all
the apodal families into one cowplete circle; and so
perfectly is this effected, that we may at onee dismiss
the subject, and pass onward to the next order,

CHAP. IX.

GENERAL ACCOUNRT OF THE MALACOPTERYGES, OR SOFT-FINKED
ORDER ; AND OF THE ANALOGIES OF THE FAMILIES,

(200.) Tur great order of fishes characterised by

Artedi as the Malacopteryges, is composed, as already

observed, of those whose fins are supported by soft or
VOL. I. Q
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articulated rays. The branchial opening is always wide*®,
with the gills perfect ; and although in some there are
no teeth, the jaws are never prolonged into sharp plates,
as in the chelonian fishes, This is the chief typical cha-
racter, and the exceptions are very few. In some, as in
the Siluride, the first rays of the dorsal and pectoral fins
are represented by bony spines, the sides of which are
crenated, or toothed, like a saw. In the flat fish (Pleu-
ronectidee) the rays are semi-spinous ; and even among
the most typical families, the first two or three dorsal
rays are rigid : yet all these deviations take not from
the fact, that the whole of these fishes are known by
the absence of spiny rays, placed after the first or second
in any of their fins. Thus characterised, we may at
once take a general view of the primary divisions under
which we shall now arrange them.

(201.) The soft-rayed fishes, although composing a
circle of equal rank to that of the spinous rayed, are
yet so inferior in point of extent, that they do not, in
all probability, amount to more than one fourth of the
number comprised in the great typical circle of the
Acanthopteryges, or spine-rayed fishes: they are inferior
to them, also, in the elegance of their shapes and
colours; but, on the whole, are superior in point of
utility to man, since they comprise by far the largest
proportion of such as furnish him with food. When we
enumerate the salmon, cod, turbot, herring, and carp
tribes, as belonging to this order, we absolutely name
nearly all those which not only supply food to the great
bulk of mankind, but in whose capture thousands of
men and fleets of vessels are exclusively engaged : the
greatest part of these are, of course, marine; but it is
also a natural character of this order, that it likewise
contains mearly the whole of those families which live
exclusively in fresh water.

(202.) The primary divisions appear to be as fol-
lows: the first, and most typical, are the Salmonide,

* Except in that group which leads to the cartilaginous order.
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or salmons.; while the second, or sub-typical, seem to
be the Pleuronectide, or flat fish ; then follow the three
aberrant groups, represented by the Gadide, or cods, the
Siluride, or cat-fish, and the Cobitide, or loaches. That all
these groups are united into one great circle, is evident :
for although, in tracing the series, we shall find an hiatus,
which nothing yet known can fill up, there is yet such
circumstantial evidence proving the series of those forms
which we already know to be natural, that we can only
look upon the inequality of the links as arising from
one or other of those causes elsewhere explained. We
here allude to the interval between the Salmonide and
the Pleuronectide, or flat fish. All ichthyologists agree
in considering these latter to be the most isolated group
among fishes, just as the Psittacide, or parrots, are
among birds ; and for the same cause, namely, that there
are no forms among them so aberrant as to mark beyond
doubt the character of the group by which they are pre-
ceded, and that, again, by which they are followed. In
deciding, therefore, the probable station which such an
apparently isolated group would hold, we must have re-
course to inductive reasoning. First, then, there can be no
doubt on the acknowledged fact, that the Pleuronectide
belong to this order, not merely because all writers have
so placed them, but because they would interrupt the se-
ries of the other circles; and, further, because they have
some affinity to the Gadide, near to which M. Cuvier,
following all his predecessors, has placed them ; both
having the anatomical character of the ventral fins being
attached to the pectorals, and the pelvis immediately
suspended to the bones of the shoulder. This affinity,
therefore, being established, we have only to follow the
thread of progression from Gadus to the next and to
the next family, until, having gone as far as we can,
and successively established our groups as we proceeded,
there is no other conclusion to be made than this,-— that
where the line of affinity becomes lost, is precisely where
those forms which should lead us back again from our
starting post is wanting. Now, this is a precisely ana-
g 2
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logous case to that of the Psitfacide among the scan-
sorial birds, where we have the series as much interrupted
on one side, but not quite so imperfect on the other ;
and yet no ornithologist would think of placing the
parrots in any other situation than between the wood-
peckers and the toucans. But let us look to this ques-
tion in another point of view, Let us suppose that all
the aberrant types® of the rays (Raide) were unknown
or destroyed, and that the only representations of them
now in existence were the skates or rays: looking,
then, to these only, and to the sharks, how slight—how
questionable — would be their affinity ! One would ima-
gine that, if they were really related, whole families
of intermediate forms would be necessary to connect
them ; and yet how completely has nature effected this
by such forms as Rhinobates and Pristis,—two little
eroups which blend the form of the rays and the sharks
so completely, that ichthyologists are even undetermined
where one ends and the other begins. And so, may we
fairly presume, is the case with the Pleuronectide and
the Salmonide. It will be subsequently explained on
what grounds we believe these two are the typical groups
of the present order ; and two or three genera would be
quite sufficient to unite them as perfectly as are the
Raide and the Squalide.

(203.) With the above exception, therefore, we shall
find the circle of the malacopterygious fishes sufficiently
perfect. ¥From the Salmonide and the Pleuronectide we
pass on to the Gadide. This latter affinity has long been
admitted ; and the connection, not at all remote, is
further established by the holibut,—a well known and
gigantic flat fish, beginning to assume the thick and
lengthened body of the cod and haddock. We quit the
Gadide by means of Brotula and Oligopus, — genera
which blend their own group in the most perfect manner
with that of the Siluride. 1t is here that we have the
most aberrant forms of the order: the first rays of the

* Torpedo, Squatina,and Rhinobales,
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dorsals and pectorals are not only spines, but become
bony, lance-headed plates; and the other rays are gene-
rally so thick and strong as to possess little flexibility.
From these the passage to the loaches is remarkably
gradual ; and as we now arrive at that part of the circle
which touches the cartilaginous order, we accordingly
find that these fishes show a decided relation to that
group by their viviparous nature. All writers place the
loaches in immediate conjunction with the Cyprine, or
carps, which belong to the Salmonide: and as these
latter form a circular group of themselves, we return
from whence we began; and thus we find all the divi-
sions, on one side of the Pleuronectide, sufficiently well
united, although capable of containing other and more
intimate links of connection. Before proceeding further,
we shall briefly notice the distinguishing characters of
the families whose affinities we have just endeavoured to
trace, and then see how far their analogies are con-
formable to the theory of representation.

(204.) The Salmonide not only ineclude the salmons,
but nearly all the freshwater fish of Europe, and a
great proportion of those peculiar to the lakes and
rivers of other countries. They are distinguished, as a
whole, by having all the rays of their fins soft ;
or, if any exceptions exist to this character, it is
merely found in some of the perches, where the first
and second dorsal ray is simple and rigid. They have
the body protected by large and well-formed scales, by
which they are distinguished from the cat-fish (Silu-
ridee), and have not that fleshy covering to the fins so
general among the Gadide: they differ from the
loaches in their being oviparous, and in certain other
anatomical characters hereafter to be noticed. This
we look upon as the most typical division of the whole
order; and it preserves this character in being most
numerous in species, and most diversified in its forms.
It contains the different groups known under the fami-
liar names of carps, trouts, salmons, pikes, and her-
zings.

Q3
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(205.) The second, or sub-typical group, are the
Pleuronectide, or flat fish, These are at once recog-
nised by their remarkably flattened bodies, of an oblong
or rhomboid shape: the circumference is almost com-
pletely margined by the dorsal and anal fins, the rays of
which are, for the most part, spinous: the eyes are
placed on the same side of the body ; and this side,
which is the upper surface, is coloured so as to resemble
the ground upon which these fishes lie in wait, among
mud, sand, and weeds, to seize their prey : the under
surface, from never being exposed to the action of the
light, is always colourless/ and generally of a fleshy
white: the scales are small and well-defined : and the
whole of the species are marine. They are, however,
very few in number when compared with the Sai-
monide, and present but few variations in their general
structure.

(206.) The Gadide, or cod-fish, also form but a
small family, although with several well-defined vari-
ations of structure. They have the usual shape of
ordinary fishes, and are entirely marine. The small
scales of the body are covered, and often nearly
concealed, by a mucous skin, which also extends over
the fins, and gives them a thickened and fleshy cha-
racter, not found in the Salmonide. The head and
body is generally but slightly compressed, the eyes
large, and the mouth very wide. The ventral fin in
this group, is very small, and generally terminates in a
pointed fleshy filament, more or less lengthened ; and
three out of the five rays usually found in this fin are
sometimes wanting : this character, hitherto overlooked,
we shall subsequently find to be of much importance. The
Gadide present considerable variation in the apparent
number of their dorsal fins ; in some there are three, in
others two, and in a few only one ; but the interval
of their divisions are so small, that, perhaps, it would
be more correct to consider them as having one long
dorsal, variously cleft: the snout is often furnished
with small eirri, or round worm-shaped filaments.
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The cod, haddock, and whiting, are familiar examples ;
and nearly all are confined to the seas of cold or tem-
perate latitudes.

(207.) The Siluride, or cat-fish, in many respects,
have a strong resemblance to some of the last: like
them, they are furnished with cirri on the head, but
often prolonged to an enormous length : the body is
generally soft and mucous, but the head is hard and
bony ; and although there are no true scales, the head
of very many, and the whole body of the typical species,
are covered with hard bony plates, which either serve the
office of a helmet or a complete eoat of mail. The
species are very numerous in the great rivers of hot
climates, more especially in those of India; and they
swarm in the Ganges : one only has been found in the
European range ; so that we may look on it as a tropical
family. The head is greatly depressed, so as to ex-
hibit, when viewed in front, some slight resemblance to
that of a cat, from whence the vernacular name of cat-
fish.

(208.) The Cobitide, or loaches, form a small family
of freshwater fish, well distinguished from the Siluride
by their elongated and somewhat rounded body, the
compression of the head, and the possession, in general,
of true scales: they differ from all the other soft-finned
fishes, by being viviparous. The primary type, how-
ever, of this family, appears to be Anableps : their
mouth is small, and furnished with cirri; and the
aperture of their gills, like that of the eels, is merely a
lateral slit behind the pectoral fin, confined by a skin at
both extremities: the generative organs of the male
have a close analogy to certain of the cartilaginous fishes.
The passage from this family to that with which we
began, is effected by certain genera, as Pecilia, Lebias,
&c., which have the above characters united with
the oval body of the carp (Cyprine); and, indeed,
these two families are so connected by their aberrant
types, that all writers have arranged them close to-
gether,
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232 CLASSIFICATION OF FISHES,

(209.) Let us now arrange this series, in the first
place, in juxtaposition with that of the orders of the
whole class, and we shall then find that all the parti-
culars we have stated have a double reference,—one to
their actual characters, and another to their analogical
relations,

Analogies of the MavacorreryGes and the Orders of

Fisugs.

Families of the ; Orders of
MaALACOPTERYGES, Analogies. FisHES.
Salmonide. Rays of the fing soft. MALACOPTERYGES.
Pleuronectide. Rays of the fins rigid. ACANTHOPTERYGES.

. Ventral fins small or none;
Gadide. scales imbedded in the skin. i} APODES,
Siluride, Body mailed. PLECTOGNATHES,

muzzle, which is broad and
depressed ; pectoral fins very { CARTILAGINES.

large.

Viviparous ; mouth beneath the
Cobitidea, %

We have already shown that the Salmonide are those
fish which have the fin-rays soft ; and as they are the
most highly organised of the Malacopteryges, they con-
sequently represent the perfection of their own order.
The Pleuronectidee, in a manner no less singular than
beautiful, thus turn out to be prototypes of the Adcanthop-
teryges ; for Cuvier follows his predecessors in placing
them in this order, to which, notwithstanding their
spined rays, they undoubtedly belong. The relation of
the Gadidee to the apodal or anguilliform order, when
attentively considered, will be found no less undeniable.
The Apodes, besides their eel or serpent formed body,
are mainly distinguished by the total absence of the ven-
tral fins: their body is slimy: the scales, which are very
small, appear to be imbedded in the flesh, or covered
by a fat skin, which extends also over the fins. Now,
the Gadide have as many of these characters as it is pos-
sible for fishes to have, whose situation is in this order:
of all the Malacopteryges, they have the most imperfect
anal fins, In the forked hakes, or Phycis, it is reduced to
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a single ray; and even in the more typical forms, as Ga-
dus and Mustelus, the three hinder rays are often so short
as to appear obsolete : their slimy body, fleshy fins, and
minute scales, are all so many characters possessed by the
eels; while this resemblance is carried so far in the rock-
lings (Motella), that the forms of both are nearly alike;
both having the body very long, and the anal, dorsal, and
caudal fins nearly, if not quite, united. The Siluride
are no léss strikingly analogous to the Plectognathes, or
cheloniform fishes. In both there are no true scales, but
in both are the typical groups incased in a coat of mailed
plates; so that Loricaria is as perfect a prototype of
Ostracion, as the half-mailed Pimelodes are of Balistes.
Finally, we come to those soft-rayed fish, whose mode
of generation separates them from all the others of their
own order, and likens them to the cartilaginous or chon-
dropterygious fishes: these are the Cobitide, or loaches —
one of the most remarkable groups of fish in the whole
order. Whether we consider the peculiarity of their
external or internal anatomy, we can only feel astonish-
ment that neither one nor the other should have given
them a more prominent station in our modern systems
than they have hitherto held. To place viviparous and
oviparous fish merely as genera following each other,
appears just as natural and consistent as if we arranged
the flat fish and the skates as cognate families, merely
because both are flat, and have the fins surrounding their
body.

(210.) If the validity of the foregoing comparisons
are admitted,—and they appear to us as true to nature as
any of those already brought forward among the more
perfect vertebrated classes,—it follows, as a necessary
consequence, that the families of the malacopterygious
fishes follow each other in the same order, also, as do
those of the Cartilagines. We have just glanced inci-
dentally at the similitude between the flat fish and the
rays ; let us see, therefore, if this is merely fanciful, or
founded in nature: a comparison of the two groups
will determine this question.
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234 CLASSIFICATION OF FISHES.
Orders of Families of Families of the
Fisnes. MALOCOPTERYGES. Analogies. CARTILAGINES.

Body lengthened ;

MALACOPTERYGES. Salmonide. { nge?::pﬁ:iwngglgg Squalide.
x

two.

ACANTHOPTERYGES. Pleuronectida. { B;‘;{’ rhﬂﬁﬁf’} Raide.

Tail long, nearly
{ surrounded b_'l,r} Chimeridae.
the ventral fin.
Body mailed, teeth
{ small 3 mﬂuth} Sturionide.
with cirril.
Mouth beneath the
muzzle ; partak-
CARTILAGINES, Cobjtide. ing of the carti- » Pyionide.
’ laginous struc-
ture. J

AFPODES, Gadide.

PLEGTOGNATHES. Stlurtdee.

We have already compared the primary orders of
fishes with those of the great classes of the animal
kingdom, and also with the families of the Cartilagines;
nothing further, therefore, need be said on this subject,
than to remind the reader, that these analogies give
him a clue by which he can trace the most remote rami-
fications of these relations in the classes of birds and
quadrupeds. In the present instance, nevertheless, we
have introduced the orders of fishes in a separate column,
to show more perfectly the wonderful harmony and unity
of design—far greater than the wit of man could de-
vise—which pervades these otherwise singularly varied
groups. Here, in fact, we see that, by simply placing
the soft-finned fishes in juxtaposition to the cartila-
ginous order, we have the Pleuronectide standing op-
posite to the Raide, as their bond fide representatives.
The Gadide represent the slender-tailed Chimeride,—
the latter being the only cartilaginous fish, yet discovered,
having an eel-shaped tail— that is, gradually attenuated
from the belly to a point, and bordered beneath by a
long ventral. The mailed Siluride so completely repre-
sent the mailed sturgeons, that the Loricaria rostrata
of Spix might easily be taken, at the first glance, for an
Acipenser ; and what is still more singular, the sturgeons,
and the genera which represent them®*, are the only

* Squatina, Crossarchus, &c.
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family of the Cartilagines that have cirri or barbels to
their mouth ; these appendages being more developed
among the Siluride than in any other fish in existence.
The analogy of the Cobitide to the cartilaginous fishes
has already been stated ; and although their direct rela-
tion to Prionodon is far less apparent than any of those
just noticed, still, if these are correct, it follows that
either this or some other extraordinary type will effect
the union. The Prionide, in fact, at present contain
only two fishes ; and it is yet undetermined whether
these, like all the other Cartilagines, are viviparous : the
probability is, that they really are so; and therefore even
one such character is quite sufficient to show some re-
lation to the Cobitidee. This point, however, must yet
be considered as debateable, until the real station of
Polypterus is more clearly determined than it now is,
(211.) Lastly, it seems further desirable to test all
these relations, by tracing the analogies of the Mala-
copteryges with the Plectognathes, or cheloniform fishes :
the two circles, if placed in a linear series, will stand

thus : —

Analogies of the SorT-FINNED and CreELoNtrory FisHEs.

rder of 3 Ovrder of th
Mﬂgmpferygds. «Analogies. P:cﬂ-!:gwamc;
SALMONIDE, The fins with soft rays. BanisTing
PrevroNecTiDE.  Dorsal fins with spines, CHIRONECTIDVE.
GaADIDE. Head broad ; mouth very wide.  LorHinE.
SILURIDE. Body covered with mailed scales. SywowaTming.(r).
CoBITIDE. —_ Unknown.

We have already adverted to the little diversity of
form — in comparison to what we see in the two typical
orders —that exists among the tortoise-formed group ;
and this fact at once accounts for their analogies being
less obvious than many others. Certain, however, it
is, that the Salmonide are as typical of one order as
the Balistide are of the other, or the Plectognathes :
the ugly aspect and unsymmetrical head of the Pleu-
ronectide, again, find their representatives in the still
more hideous Chironectide; and both have fins with
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simple rays, and of little flexibility. Raniceps, among
the Gadide, is a still’more striking prototype of the
common Lophius piseatorius, or fishing frog: an analogy
so obvious as to be conveyed by their respective names.
The mailed Siluride, forming the typical Loricarine,
find their representatives among the cheloniform fishes,
in the singular families of Syngnathus and Pegassus.
Nor does their analogy rest alone on their external ana-
tomy. Cuvier, as we have already shown, has separated
the Sygnathide from all other fish, on account of their
branchia assuming the form of tufts ; and yet, although
he is perfectly aware that the very same deviation from
the ordinary branchia of fishes is found in another
group, he merely considers the latter as only deserving
of a simple generic distinction. The genus we allude
to is that of Heterobranchus of Geoffroy Saint-Hilaire,
which, in addition to the ordinary branchia, have
others attached to them, resembling tufts, considerably
ramified ; so that these fishes combine the branchia of
two distinet classes, namely, that of Pisces and of Am-
phibia. Awmong fish, their only prototypes, in this
respect, are the Syngnathide, which, as we have already
shown, are also the representatives of the amphibious
reptiles. If primary divisions are to be made on such
apparently anomalous characters, Heterobranchus has
precisely the same claim for such a distinction as Syng-
nathus : but the fact seems to be, that this structure, far
from being anomalous, is what we should expect in groups
that stand at the greatest distance from their respective
types ; and from its thus occurring both in the Syngna-
thide and the Siluride, we discover that it is in perfect
harmony with the usual course of natural variation,— a
variation which frequently makes one group represent
another in the most unexpected and singular manner.
The cartilaginous type of the cheloniform fishes, if not
Polypterus, appears to be undiscovered ; and this may
account for there being no group in that order which
represents the Cobitide, which form the cartilaginous
type in the circle of the Malacopteryges.
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(212.) We shall now take a more particular view of
the several families composing this order ; always noticing
the most remarkable or prominent forms in each, and
occasionally pausing to trace the analogies of such as
appear more particularly interesting, or as necessary to
show the reasons of our arrangement being so different
from those of our predecessors, The families will be
reviewed in the same order as we have already noticed
them, viz. — 1. the Salmonide ; 2. the Pleuronectide ;
3. the Gadide ; 4. the Siluride; and, 5. the Cobitide.

(2138.) The Sarmoninz, or salmons, appear to resolve
themselves into five principal groups or sub-families,
all of which are represented by the Linn®an genera
Cyprinus, Salmo, Clupea, Esox, and Mormyrus. The
few characters common to them all have been already
intimated : where so much diversity of structure exists,
a corresponding difference of habits will be found ; and
these had better be noticed under the separate divisions
of the family.

(214.) The Cyprine, or carps,form a most exten-
sive division of fish, entirely confined to fresh waters.
Their numbers are much more abundant in the old
world than in the new, and many species inhabit the
rivers and lakes of temperate Europe. The carp (Cy-
prinus Carpio Linn., fig. 40.), pemh , roach, and several
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other native fishes, are familiar examples of the genera
construction of the whole. They are the most herbi-
vorous of all fish—feeding chiefly upon aquatic vege-
tables, like their prototypes the eels ; to which, although
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they have not the same shape, they appear really
analogous : like them, also, they have thick fleshy fins,
and a slimy mucous substance spread over their body :
they further resemble the eels in having few or no real
teeth, and both feed on the same substances. The
mouth of the Cyprine is always very small, and the
jaws destitute of teeth® ; but they have strong powers
of mastication, from the inferior pharyngeal bones being
provided with a few large teeth, adapted for pressing
their vegetable food : the stomach is simple, and with-
out ceeca. In external characters, they differ from the
salmons, by having a sinile dorsal fin ; the majority,
also,have very thick fleshy lips, sometimes furnished with
barbels T: the scales are generally large, the body ovate,
the head thick and obtuse, and the ventral fin consider-
ably behind the pectoral ; it is generally, indeed, placed
intermediate between the pectoral and anal. The charac-
ters of the two typical genera we have not yet clearly
determined ; but we suspect that the true Cyprine are
almost peculiar to the Old World, and that Catastomus,
with its sub-genera, represen