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their course. They'consist partly of lacteals that proceed from the
intestinal canal,"and partly of erdinary lymphatic vessels. " When
filled by injection with quicksilver, they cover the vascular trunks,
the veins for instance, completely. They unite in the anterior part

of the body, and pour their cantents by two trunks into the anterier,
and partly also by several branches into the posterior, venz cave.
The main trunks (ductus t]wmczcz) proceed from lymphatic sinuses
near the cardiac orifice of the stomach, analogous to the cisterna chyli.
Several lesser lymphatic branches would appear to-lose lhemseives
in venous ramuscules. #

Peculiar Caudal aud Cranial sinuses and a spec:lal system of Lai-

eral vessels were recently discovered in Fishes;and seem to belong to
the Jymphatic system. Beneath what has been formerly desecribed
(p- 185) as the lateral or mucous canal of the integument, we find
anether sinus-like canal that is filled with a clear and limpid lymph,

and communicates with a number of adjacent branches; all pursuing
a-subcutaneous course, and forming a ring. of vessels around each
scale, so that the body of Fishes is completely intersected by this
net-work. This system of vessels communicates with a peculiar
c_and.al sinus, that is placed in many Fishes, as the Eel, inr ithe same
situation as the caudal heart, which will presently be described.
This ‘sinus is double, the divisions lying close upon either side of the
flat rays supporting the caudal fin ; but both of them communicate
by means of a transverse canal that passes through an opening in
one of the fin-rays. The sinus varies in size, and passes into the
caudal vein, being there provided with a valve. It is invested by a
strong fibrous tunic, and contains-a clear lymph; whethet it is en-
dowed with powers of expansion and contraction has not yet been
determined. A similar sinus has been observed upon either side the
cranial cavity external to. the jugular veins; it is pear-shaped, smaller
than the caudal sinus, and appears to be contractile. The occtirrence
and position of these reservoirs remind us very much of the lymphatic
hearts of.the Amphibia.

The Blogd of Fishes is, with one' single exception, of a red color,
and contains almost always oval, flat, and slightly biconvex corpus-
cules ; 'those in the Plagiostomi are-distinguished by their great size,
and ip this respect, as well ‘as in their form, agree with those of
Frogs; in the Osseous Fishes they are smaller The Cyclostomi, at
least Petromyzon, have, however, circular biconcave carpuscules re-
sembling the human, but Jarger.

The greatest departure .from the circulatory system of the rest of
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Fishes is exhibited by the Amphioxus or Lancelet, The blood is
quite celorless, and has not as, yet been found to contain any eor-
puscules. The hearts, however, are numerous. Fhere is found,
1st. An Arterial Heart,a'tube of uniform thickness placed below the
branchial’ thorax in the middle line where the branchial artery in
other Fishes is situated, but without any trace of a pericardium; it
is continued for a short @xtent backward as far as the end of the
@sophagus, where it makes 4 curve and joins the tubular‘hearts-of
the venz cave. 2d. The Bulbilli of the branchial arteries, which,
given off regularly from the arterial heart, are continued into the
angles between each pair of branchial arches, and represent the
commerncement of the branchial arteries; in young individuals we
find twenty-five, but in older specimensfifty, such branchial hearts
on either side. The’branchial veins probabiy bring. the blood into
the aorta that lies heneath the vertebral columnj but in addition
to these, the blood. enters the aorta through, 3d. The Cardiform 4
aortic-arches ; it is a double contractile ductus Botalli arising from
the median heart. 4¢h. A Portal heart, long and tubular in form
like a vessel, and contracted throughout its whole- length, runs ‘along
the ventral side of.the intestine, and extends to the exiremity of the

" emeum. 5th. A heart of the vena cava, which. lies on the opposite or

dorsal side of the intestine, and is also tubular in form. Both venous
hearts contract alternately. 'This structure of the vascular system
obviously reminds us of that in the Annelida, where numerous pulsa-
ting heart-like vessels also occur.

*The Cyclostomi are also characterized by many remarkable pecu-
liarities in their vascular system, but to describe them in the present
work would be entering intotoo great detail ; one distinguishing
feature, however, is the want of a muscular or contractile bulbus
arteriosus, the trunk of the “branchial artery exhibiting a uniform
structure.  In Lepidosiren annectens.we find a bulbus arteriosus, and
a singte auricle and-ventricle. In L. paradoxa we meet with a right
and-left auriclé imperfectly separated, the former receiving the pul-
monary vein, the latter the venz cavze.

Among the Osseous and Cartilaginous Fishes the number of hearts
is occasionally found to be also increased.. Thus.in Chimera an
elongated fusiform accessory heart is always developed upon the two
axillary arteries destined to supply the pectoral fins:- Similar axillary
hearts also occur in Torpedo, but not in Raia.

in the Eel there is found, upon both sides of the last caudal ver-
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tebra, a pulsating organ which receives the blood from the delicate
veins of the end.of the caudal fin and propels it into the caundal vein,
thus constituting a caudal heart, that occurs too in Murzenophis. Tt
1s a true blood-propelling organ, but occupies the same position as
the already-described lymphatic reservoirs found in many Pishes, and
conjectured to be contraetile.

In Myxine ‘the sac of the vena porta. coniracts rythmically, and
so forms a heart; thus in the class of Fishes have heart-like expan-
sions beén found developed in different parts of the circulatory appa-
ratus, and would appear to be the more nécessary from the numerous
plexuses of vessels through which the blood has to pass.

~ These plexusés, or Retia mirabilia, have been found of the most
¢complex form and arrangement in very different organs. “Thus they
occur upon the hepatic; portal, intestinal veins, and cewliac artery*in
the Tunny and several species of Shark; in the choroid gland of
the Bony Fishes, in the swimming-bladder, and the so-called pseudo
or Accessory branchie. . These latter organs, which oceur in most
Osseous Tish, were formerly: from their resemblance to the true
branchie, regarded as such, although they" differ completely, from
them in structure. They are situated mostly upon the palatal por-
tion of the branchial cavity in front or external to the upper exirem-
ity of the branchis, like which they are pectinated and provided
with cartilaginous strips for their support. The blood-vessels ramify
upon their leaflets in a regular manner, like the barbs of a feather,
and receive their blood, like the opercula of the gills and lingual
bone, through a branch which proceeds downward from the first
branchial vein. A second or glandular form of these accessory
branchi# also occurs; and consists of deep red vascular organs com-
posed of several lobes, not presenting the shape of gills, although
they are eovered by the mucous membrane of the branchial cavity.
The lobules themselves, however, appear like small feathers with
cartilaginous shafts, the latter being provided with Iateral leaflets.
Such glandular pseudobranchiz are found in the Carp, Pike, and
species of Gadus.

In the Sturgeon we find two accessory branchie : a large one
situated against the -operculum is a true respiratory pseudobranchia ;
the second, very small, and situated on the anterior wall of the
spiricle, consists of folds and transverse lesser folds, possesses the
plexiform_structure of the pseudobranchie, and obtains its arterial
blood from a branch of the vein upon the first branchial arch, while
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the respiratory’ accessory gill receives dark-colored blood from the
brafichial artery. A similar pseudobranchia is possessed by thé Rays
and Sharks upon the valve of the anterior spiracle.

5 ORGANS OF RESPIRATION.

+Arx Fishes respire by means of branchie or gills, for the support
and: pretection of which organs ‘we find a‘very complicated framg-
work of bone or cartilage developed, and exhibiting the greatest
diversities of structure in the several orders and genera. The whole
of this.apparatus may be reduced to three principal divisions: 1.'9.':.
‘Fhe lingual hone ‘and branchiostegous rays. 2d. The branchial
arches. 3d. The opercula or gill-covers.” A fourth division of this
partof the skeleton may be regarded as formed by the upper and lower
pharyngeal bones or maxille, from the resemblance they bear to
branchial arches ; but as theydo not support branchiz, but only teeth,
they more properly belong to the organs of digestion. *

In the Osseous Fishes the Hyoid fone consists of a large arch,
situated behind the lower jaw in front of the first branchial arch,
and formed of several bony pieces symmetrically placed upon’ either
side of a single intermediate piece. The lateral branches of the
hyoid arch are of very large size in-the Osseous Fishes, anfl corre-
spond to the great cornua ; they are composed. almost invariably of
four pieces, the posterior of which, mostly style-shaped, is the me-
dium for attachment of the -hyoid to the bone that is analogous ‘to
the os quadratum ; the several pieces sometimes coalesce into two -
or one, but are generally united by fibro-cartilaginous bands. TIn
front the two lateral branches abut against and are united by a single
intermediate ossicle (copula) ; this represents the body of the :hyoid
bone, and. commonly supporfs in front an elongated. ossicle, upon
which the rudimentary tongue rests; this is called the lingual bone,
and is frequently provided with teeth.. To the two. branches exter—
nally a series of mostly narrow and slender, or frequently‘broad and
strong “ossicles, are fastened by ligaments or moveable joints ; they
support the opercular membrane of the gills, and have been therefore
called the Brancliostegous rays ; their numberivaries according to the
genera and species, or even sometimes the individual. In t.he true
Cartilaginous Fishes, parts oceur which correspond to the hyoid arch,
but true branchiostegous rays are entirely absent. :

In the above structures we meet with numerous diversities. The
hyoid arch is very narrow in Murena, Syngnathus, and others, and
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in the latter genus it always consists of a single piece; but in Diodon
and Tetrodon of two; in all these genera; as in Uranoscopus ‘and
Cyclopterus, the copula is wanting.. The piece supporting the
tongue is absent in Tetrodon, Dioden, Balistes, Murznophis, and
others. The branchiostegons rays are very rarely wanting, as in
Syngnathus. Polypterus has only one of these rays, while three are
found in Cyprinus, Cobitis, and others ; seven in. Murzna anguilla,
twenty-five in ‘M. colubrina, and upward of thirty in Elops. The
passage from the Osseous to the Cartilaginous Fishes is made by the
Sturgeon;in which the hyoid arch consists of three pieces instead of
four, and both copula and branchiostegous rays are entirely wanting.
In the Sharks 4 cartilaginous arch is found vpon either side, sup-
porting some cartilaginous rays, divided simply in a digitate manner.
In the Rays similar.arches are found, supporting a. pair of pseudo-
branchiz.

Behind the hyoid ‘bone is situated a system of bones or cartilages
called the Branchigl arches, very generally four in number, and
which support the.vascular fringes or leaflets of the gills. Each
arch consists of several pieces, varyingin number according to the
species of fish and the several arches themselves. There are, how-
ever, never more than four pieces, mostly three, and. rarely two ;
upon their convex side they are channeled out for the lodgement of
the branchial vessels, while on their concave side, or that turmed
toward the “cavity of the mouth; they are mostly. beset with teeth,
and the upper segments of the posterior arches are usually so strong,
that_they have been distinguished by the special name of osse pha-
ryngea superiora ; the postero-inferior pharyngeal jaws are also in-
timately related, both by form and position, to the last and rudi-
mentary branchial arches: In the direction downward the branchial
arches are usually attached, like ribs to a sternum, to an interme-
diate chain of bormes-or cartilages, two to four in number, which are
articulated in front with the, copula of the hyoid, bone ; the posterior
arches are frequently united te this central chain by fibrous liga-
ments only, for it is seldom that all the arches are directly con-
tihued and connected to it by hone. - Superiorly the branchial arches
are generally attached by muscles and cellular tissue, or by true
lipaments, to the basal surface of the skull, or sometimes further
backward to the first vertebra. The teeth are usually disposeﬂ
in two rows upon the ‘inner side of the branchial arches, and are
rarely absent, as in Cyprinus, Murena, Murenophis, Lophius, Fis-
tularia, and ‘others. The median chain of ossicles uniting the
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branchial arches below .are seldom wanting, as in Murznophis,
Syngnathus, and Lophius. The Cartilaginous Fishes possess simi-
lar branchial arches, only they ate cartilaginous, and five instead of
four in numpber, of which, however, the most posterior conespoﬁds
to a pharymgeal maxilla; the arches abut, in the Sharks, against
some intermediate cartilaginous pieces, and consist, themselves of
several segments; the branchial arches in the Rays resemble in

- general those of the Sharks, and are united inferiotly by one or two

very broad sternoidal ‘cartilaginous plates. ‘In most Osseous Fishes
the branchial arches are situated beneath the skull, but in Eishes of
the. Eel kind, e. g. Murena, Murenophis, they are situated further
back beneath the first vertebrz; in the Rays and Sharks they are
united still farther back to the commencement of the vertebral col-
umn. In the Cyclostomi we find a very peculiar branchial skeleton,
formed of nrrow arch-shaped cartilaginous rays that surround the
gills.

The gills, which in thé eatlier stages of development of Fishes
were freely expesed and unprotected, are always concealed at a later
period of existence beneath the skin, and protected also by special
covers, or opercula; these are most evolved in the Acanthoptery-
gians, and form for the most part a large bony apparatus, seldom in-
ferior in size to the branchial, but which is superseded in the Chon-
dropterygiams by another contrivance. There are most frequently
four, or if we regard, with many. anatomists, the preoperculum as
the quadratal bone, three bony pieces, composing the opercula of the
gills. The Preoperculum is of a semilunar form, and bounds pos-
teriorly the series of bones belenging to the articulating or quadratal
portion of the temporal bone. "To this succeeds, in the direction up-
ward and Backward, the true Operculum, a flat and more or less
quadrangular bone, the largest in size,.and presenting upward and
forward a socket that articulates freely with a capsular head upon
the uppermwst quadratal bone. * Upon the posterior and inferior
edge of the operculum is situated the Postoperculum, and between
this and the ‘preoperculum, behind the lower jaw, is placed the
Interoperculun. 'This opercular apparatus serves as a valve, where:
by the fisswe leading from wiLPout into the branchial cavity, and
placed between the posterior edge of the operculum and the ante-
rior girdle of the pectoral fins, may.be opened or shut. The position,
but more especially the size of the opercular bones, varies ; one or
other of them is frequently ill-developed, as in the Eel family.
Among the true. Cartilaginous Fishes we find, instead of this appa-
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rafus, narrow, digitiform, cartilaginous plates, the analogues of the
branchial rays, and which are fastened to the quadratal cartilage
The ‘peculiar disposition of the branchie themselves in the Sha;r?;s.
Flays, and Cyclostomi, renders a true ‘operculum unnecessary ;
: In the majority of Fishes, but particularly in those of the (-]sseous
kind, a double row of pointed lanceolate leaflets project like the
teéth of a comb, from the convex side of each of the fouf ’brénchia‘
‘arches ; they are mostly separateds far as their ‘base, where the ;
c?alesce, but are sometimes united higher up} each léaﬂet is m}j
.\'ldetli in ‘the middle with a thin'fibro-cartilaginous plate, that keI:a s
lt_suﬁ" and straight. Upon these leaflets nwe find a’number (i:f
thin meTbranOUS-'transve;se ridges, which contribute to increase
the respiratory surface, and the plexuses of blood-vessels further
expand upon peculiar siliquose elevations ; it is rare for only three
of th(_: branchial arches to support such pectiﬁifarm‘leaﬂets as in
Lophius, Batrachus, Diodon, Tetrodon ; and very rarely do’three
or onT)_r one row of “branchial leaflets rest upon an areh The,-
brafichial leaflets in Syngnathus and ! allied genera f'orm'ing the

group of Lophobranchii are of an unusual form, being lanceolate

but very broad and ‘short, 5o as to form tufis. All these branchial
_combs are lodged in a common cavity situated behind the oper-
cular apparatus, and communicating with the mouth by -the sI:]its
between the branchial arches, and externally by a single large of
frequently very small slit between the edge of the op:rculurral and
the girdle of th|e pectoral fins. The arrangement of these parts is
somewhat different in the true Cartilaginous Fishes : upon the mid-
dle of each of their branchial arches we find a dens; cellular plate
which attaches them to the external integument ; in front :mdp )os:‘
teriorly the mucous membrane of the mouth is prolonged over ]{his
plate, and forms upon it elevated folds standing perpendiculatly upon
the cartilaginous arches, like the branchial leaflets of the Ac'antphu-
pterygians ; externally the mucous membrane is continuous with the
ext‘ernal integument ; each branchial, arch is furnished with an an-
terior and posterior row of such branchial folds, but the anterior arch
has only the posterior set, so that only four and"a half gills are tol be
counted. From the branchiw being united externally to the integu-
ment, five (and in other genera, as Hexanchus, Heptanchus si.xbto
seven) branchial fissures are found both intez‘fnally and ext:ernally
between Wlhlch the integument forms narrow bridge-like strips. Thf;
Cyclos_loml present a.still more peculiar'structure. There are here
from six 0 seven pairs of branchie present ; dach pair forms a flat
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sac or pouch, upon the internal walls of which strongly-developed
folds project, as in the Plagiostomi; each sac opens exterfially by a
round aperture,and in the inward direction by a canal into the esoph-
agus, or even into a special membranous tube or bronchus, situated
beneath the @sophagus, and opening anteriorly into the’ pharynx,
where it isiclosed by a membranous valve, and terminates blindly
posteriorly. £ o

“The movement of the branehial arches, and also of the operculum
and branchiostegous membrane of the Osseous Fishes, s effected by
numerous muscles, which are absent in the Cartilaginous Fishes with
fixed gills. By their action the branchial arches are separated or
approximated, the branchiostegous membrane spread out, and the
operculum flapped to and fro so as ‘to open or shut the external
branchial fissure. Smaller muscles move the double row of branchial’
Jeaflets against each other. ~Similar muscular fasciculi are found in
the Cyclostomi, and serve to expand the branchial saes. The water
taken in at and streaming through the mouth, is driven by thé moye-
ment of the branchial arches and hyoid bone between the. gills,
where it-bathes the leaflets with their superimposed plexuses of ves-
sels, and is-againexpelled through the external branchial fissures. -

“In ‘many Osseous Fishes, Branchial follicles, as they are termed,
that secrefe.a copious mucus, are found at the posterior commence-
ment of the branchial'cavity. ; : :

In addition to this mode of respiration by branchiz, we find that
in many Fishes this function is performed by ‘pulmonary organs.
The Amphibioid Fishes, like Proteus among the true Amphibia,
possess a pair of truly-developed Lungs-near to the gills. In Lepi-
dosiren annectens a partly single, partly double row of. branchial
filiments project from the six branchial arches with the exception of
the second and third, and in- the vicinity of the anterior extremity
we find the single branchial fissurer, Besides these gills, however,
a double sacciform lung is present, each portion being divided info
soveral lobes; if issituate@’behind the kidneys against the ribs, and
is internally cellular like- the lung of a serpent; anteriorly it opens
by a tolerably long, narrow, and membranous tube into the esopha-
gus. Each lung receives 2 branch of the pulmonary artery which
arises from the branchial arteries. ;

Among even the true Bony Fishes we meet with Accessory or pul-
monic organs of respiration, €. g., 1N Silurus fossilis of Bloch, and
among Fishes of the Bel kind in Amphipnous Cucia ; they consist;
of vascular hollow sacs, which are either situated within the bran=
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chial cavily, or extend thence to beneath the lateral muscles: the
receive branches from the branchial arteries, and their veins’ eme);
the aorta, T :

With the above organs we may also include the hollow arbores-
cent tufts of accessory branchiz which lie, in Heterobranchus anguil-
laris, behind the true gills, as also the labyrinthine accessory gills of
Anabas, Osphromenus, Ophiocephalus, and others; a part of the
upper pliiryngeal Maxilla is here divided into a greater or less num-
ber _of leaflets, from between which cells arise, wherein water can be
retained for a long time. These fishes form. a -peculiar family, the
Pharyngii Labyrinthiformes, and are able_ by this structure to lijve a
long while on dry land ; the arteries of these organé pl;océed from

th?se (Tf the gills; the veins enter, after the analogy of the branchial
veins, into the aorta. ' .

THE SBWIMMING-BLADDER.

FrEQUENTLY as it has been compared with the 1ungs of the higher
:Vertebrata, and certainly, from its mode of development, position gand
internal structure, reminding us exceedingly of these c;rgans ir: th
Amphibia, still the disposition of its vessels forbids our re érdine
the Swimming-bladder as an instrument of respiration, and tl%us wg
are still in doubt as to its precise ‘functions; it 0001:1’5 only in the
'Bnuy Fishes, but not in all the genera, and among ‘the Cartii}z{uinOus
in the Sturgeon alone, which forms the transition-link to the-O:sedus
Ffshes. The swimming-bladder must, however, exist in connexion
with definite modes of life in several Fishes, since ‘it .is frequentl
absent in different speeies of a genus, or in nearly allied genera, ¢ .
Scomber scombrus; Polynemus ‘paradiseus, and the genbera Piel;i:
nectes and Lophius.

'In ordinary cases the swimming-bladder is situated beneath the
spinal column, to which it is firmly attached by cellular tissue, and
covered by the kidneys, overlaps the intestinal canals It consi;zs of"
T.wo coats ; of an external, which is very tough, fibrous, and glisten-
ing; and an internal or soft vascular mucous membralie. Itis in
vested upon its lower surface, or that facing the yiscera, by -erito-
neum.  The swimming-bladder in same instance;s, as in,Esog Ga:
dus, Holocentrus, Cepola, is of very great length, extending thr,mz h
the whole body; in others, as in-the Eels, it is vel;y short. Tts log
gitudinal dimensions usually predominate over the transver.se the rn-
verse, as in Siluros and Onbagoriscusloblongus, being of rar; occu‘:-:
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rence. As a rule,’the swimming-bladder contains only a single
cavity ; frequently, however, two, one placed behind the other, and
separated by a deep constriction, as in the Carps and many Salmons ;
ii Blennius Phycis we find three, and inPolypterus two such divis-
ions ; in Trigla hirundo. there are also.three, but they are arranged
side by side. Pimelodus filamentosus is farnished with two com-
pletely-separated; swimming-bladders lying one behind the other.
The swimming-bladder is sometimes provided with cacal pouches,
varying in size, form, and length, . g., in some species of Gadus ; but
they are most distinct in the family of Sciznide, as in S. umbra, in
Johnius, Pogonius, Corvina, and Otolithus, where the appendages

are divided in a digitate mannér. It is rare for cells to be developed

upon the internal surface of the swimming-bladder, in which case
that organ greatly resembles the lung of an Emphibjan ; this is ex-
emplified in many Erythrini, and.in several genera of Siluroide, e. g,
Bagrus and Arius, where the swimming-bladder is divided into several
intercommunicating chambérs by imperfect partitions ; in Platys-
toma we meet, in addition, with a pair of cellular wings or appenda-
ges. The very long swimming-bladder of Lepisosteus, which ex-
tends from the pharynx to the anus, is provided superiorly with
two blind appendages, but is in other respects simple, except that a
part of its internal- cavity is furnished with smaller. cavities or
pouches upen the floor of which the mucous membrane forms'a net-
work: of parietal cells. .In many Fishes the swimming-bladder is
peculiarly situated. Thus in Cobitis' fossilis it is completely en-
closed in a bony capsule formed by the transverse processes of the
third cervical vertebra. In ‘Heterobranchus it is situated trans-
versely within a conical.hony capsule opening by a fissure inferiorly,
and formed by an expansion of the transverse processes.

The swimming-bladder is either entirely closed, or provided with
a tube, as in most of the Ventrales, while in the Pectorales and Jug-
glares this is usually wanting. The tube consits. of the same
coats as the bladder, and is either short or long, narrow and tortu-
ous; it runs invthe direction downward and forward, and perforates
the @sophagus in different situations, and in some, cases the com-
mefhcement, or what is more rare, the bottom of ‘the stomach. In
the genus Salmo the tube arises from the ‘anterior extremity of the
bladder, or from its second division, as in Cyprinus, where it is very
narrow and tortuous; in the Pike, however, it is short and wide,
and in Clupea it enters the base of the stomach: « This opening of
comfunication of the swimming-bladder with the intestine has been




