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ERRATA.

PAGE 127, § 1, foot of page, dele the words *“which is concluded in the pre-

sent issue of the Journal of Mathematics,”

Note.—The Paper of Prof. Young, on PRINCIPLES OF THE SOLUTION OF
EqQuaTions or THE HicHer DEecrees, and the RESOLUTION OF SoLvasLg
EquaTions oF THE FirTH Dacreg, which was read before the Canadian Institute
on the 3rd March, 1883, appeared subsequently in the Awmericare Fournal of
Mathematies, from which it was set up for publication in the * Proceedings.”

PAcE 130, lines 19, 22, 26, for * Hinos,” read ¢ Ainos.”

¢t

243, line 23, for “D rer,” read *‘ Diirer.”

250, line 11, for “C.C., F.R.S.C.” read “C.E., F. R. S, E.”
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ON THE SKIN AND

CUTANEOUS SENSE ORGANS OF AMIURUS.

BY PROF. R. RAMSAY WRIGHT, TORONTO.

{Read befove the Canadian Institute, January the 12th, 15544

The contribution contained in the tollowing pages to the know-
ledge of the skin and its sense-organs, in one of the commonest of
North American Siluroids (Amiurus catus), may be regarded as an
extension to this species of the results obtained by various enquirers!
as to these structures in different European Teleosts. No new facts
of great importance are recorded, except in relation to certain strue-
tures which are apparently comparable to the nerve-sacs of the
Ganoids. The description is chiefly based on scetions from skin har-
dened in chromic acid in the manner employed by Pfitzner® in his
study of the epidermis in Amphibia. Far from complete as a histologi-
cal study, the account will serve to indicate the chief gaps which exist
in our knowledge of the organs concerned, with regard, e.g., to the
development and function of the *“clavate” cells, the mode of ter-
mination of the nerves in the ordinary epithelium, as well as in the
neuro-epithelium of the sense organs, &e. The species will commend
itself to American Histologists for the investigation of these ques-
tions, not only on account of its ready accessibility and the ease

1 Especially Leydig.
““Ucber die Hautdecke and Hautsinnesorgane der Fische.” Halle, 1879.
19 2 Morphol. Jahrb. VL., 475,
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with which it may be kept i1 continement, but chiefly bhecause the
entire absence of scales will allow of the application of vurious histo-
logical methods which it is impossible to carry out after decalcifica-
tion. With the aid of those methods which have been employed in
the study of the more difficult points in the histology of the epider-
mis of higher forms, the skin of Amiurus ought to yield more easily
than most other Teleosts, results of great interest and probably of
general application to the order.

A vertical section of the skin ot the head (Fig. 2), indicates the rela-
tionship of the various layers of Epidermis and Corium, the elements
of which I shall first describe before discussing the peculiarities of
the skin in different regions.

The following different kinds of cells may be detected in the Epi-
dermis :—

~

1. Superficial Cells.

. Polygonal Cells.
Spindle-shaped Cells.

. Palisade Cells.

. Mucus-Cells.

. Clavate Cells.

. Pigment Cells.

. Non-epithelial Elements.

= e &0 S

(a) Superficial Cells.—The superficial epidermal cells are distin-
guished by their smaller size and flatter form from the underlying
polygonal cells. The nuecleus, which is always distinct, measures
about 4 g, the layer of protoplasm outside that rather less than 2,
while the whole cell is rarely higher than 8 x. No special cuticular
border exists, but all the protoplasm outside the nucleus appears to
be denser than the remainder of the cell-body. Although I find it
easy enough to detect pore-canals in the cuticule of Petromyzon, I
fail to see them in the border of the superficial cells in Amiwrus.
Rather a striation parallel to the surface is to be detected. Tt is
possible that other methods of preparation than hardening in chromic
acid may show the existence of such. The superficial cells are not
always flat, but often triangular, with the apex projecting beyond
the free surface. This gives a somewhat irregular superficial out-
line. Fig. 1.

(%) Polygonal Cells.—These hardly differ except in size from the
superficial cells. The nuclei are much larger, as much as 8 », and
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the cells proportionately large. In preparations where the elements
have been dissociated in Miiller's fluid, the cells are much more
irregular than they appear in sections ; and are further rough with
the protoplasmic projections, ¢ intercellular bridges,” which establish
connection with their neighbours. In the lower layers they gradu-
ally become somewhat changed in outline until they acquire the
form of

(¢) Spindle-shaped Cells.—These form a considerable part of the
thickness of the epidermis. 1In length they may measure as much as
35 p, their nuclei, from 8-9 4, occupying the greater part of the
breadth of the cell. They form a transition from the more super-
ticial layers to

(d) The Palisade Cells, which, however, may be twice as long,

and vest with a broad base on the surface of the corium., Under
certnin changes produced by reagents, the palisade cells are sepa-
ated, to some extent, from the corium, being still connected with
it by protoplasmic filaments. The appearance is then produced of a
space separating the two layers and only traversed by the filaments
aforesaid.

(¢) Mucus-Cells.—These ave common to all Pisces, and produce
the slime which covers the surface of the skin, and which also invests
the cavity of the mouth. They appear to be distribute. equally over
the skin except where they ave interrupted by the presence of the
cutaneous sense-organs. Sections which have been stained in Bis-
marck brown are unquestionably best suited to the study of these, the
intracellular net-work taking on 2 most characteristic and vivid
stain. The cells ave not confined to the uppermost layer of the epi-
dermis, but are formed by the conversion of ordinary lower poly-
gonal cells, which at first acquire a round outline distinguishing
them from their neighbours and gradually become considerably large.
Thus, a mucus-cell which has not yet reached the surface but is fully
grown, may measure 20-25 ¢ in length. As the surface is approached
the outline becomes more oval, and when the cell eventually opens
by a distinct aperture between the ordinary epidermal cells the oval
-outline is more elongated. The intracellular network which at fivst
appears to be formed of meshes equally strong in different directions
then takes on a different character. Its elemenis are chiefly dis-
posed longitudinally immediately after the expulsion of the little
plug of mucin which also stains in Bismarck brown. Then only is



254 PROCEEDINGS OF THE CANADIAN INSTITUTE.

the nucleus visible, being left behind in the basal pare of the cell
swrrounded by a seanty amount of appavently unaltered protoplasm.

(/) Clarate Uells.-—These gigantic cells, first deseribed by Leydig
as * Kolbenzellen,” enter very largely into the formation of the epi-
dermis in Amiurns, as indeed into that of many fresh-water fishes,
such as the eel, burbor, and tench. "They have also been examined
with care by Pfitzner in the skin of salamander larvee, and are de-
signated by him ¢ Leydigsche Schleimzellen.’

It is with some difticulty that one succeeds in getting * clavate’
cells (as they may be termed) isolated. After twenty-four hours in
Miiller’s fluid the other epithelial cells full readily asunder, but the
clavate cells are generally surrounded by a sort of capsule formed
of the neighbouring ovdinary epidermal cells.  These may be in time
brashed ofl; but they invariably leave their trace upon the outer
surface of the wall of the clavate cell in the form of a reticular
sculpture. When freed from the adherent cells the clavate cells of
Amiwrus awe found to vary considerably in their form ; the smailer
ones are rounded or oval, and this is the case also in youny fish, but
in adults the proximai end tapers and frequently divides extending
down towards the corium, but getting no nearer than the row of
palisade cells between which the divided ends frequently dovetail.
The clavate cell has a digtinet wall, which, like the wall of other
epidermal cells, is merely the outermost layer of the protoplusmn,
acquiving a certain amount of independence with the age of the cell.
In small cells and in young forms I find the clavate cells filled with
a granular substance which has a certain refractive aspect, and con-
tains one large or two smaller nuclei in various stages of separation
from each other. In preparations from adult skin the contents of
the clavate cells wre very different ; vacuolation has set in cither at
one or both ends of the cell, gencrally at the proximal end first, and
the vacuoles which are occupied by a colourless fluid are separated
by a network of protoplasm still in contact with the rest of the
granular substance. Also in the neighbonrhood of the nucleus does
vacuolation take place, resulting in a clear area through which only
a fow protoplasmic fibres straggle from the nuclens to the granular
matter. Vacuolation proceeds till very little of the granular matter
is left, but that generally assumes a somewhat crescentic outline at
the broad end of the cell, forming a sort of cap—¢ Kiippchen’—to
the rest of the contents. By the time this process has advanced so
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far the granular substance has lost much of its granular appearance,
has become more homogencous, and takes on a slight stain from vari-
ous reagents (red from picrocarmine) which it formerly refused to do.

The larger cluvate cells may attain o length of 100z, when the
nucleus if single may be as much as 254 in diameter, while if two
be present they are rvavely more than hulf that size.  Thenucleus
is L(ganorally vesicular, having a distinet membrane, a single distinet
nu;:leo]us and a scanty nuclear network. all of which stain with the
ordinary nuclear reagents. In spite of the very favourable size for
such purpose, and of the fact that nuclei ave present in all stages of
division, T have not been uble to make out distinet nuclear figures ;
but when the chromatin is not disposed of as above it appears to
be scattered in figures, in which it is impossible to detect any plan.
Oceasionally four nuclei are met with instead of two. and T have
even met with cells containing a greater number, withont any indica-
tion of subdivision of the cell itself.

There can hardly be any doubt that the clavate cells have an im-
portant physiological véle to play. What that is ren:ains still obscure.
They ave chiefly developed in those forms where the skin is naked,
or the scales rudimentary (Lota), and no doubt they are engaged in
the secretion of some substance which nets as a protection in lieu of
these. Their reaction to various staining fluids indicate that this
seeretion mast be very different from that which is the product of
the ordinary mucus-cells which are present evervwhere thronghont
the class. Perhaps Pfitzner’s suggestion that the secretion may be
poured out into the intercpithelial spaces so as to prevent the entry
of water may not be very far from the trath. Tt is certain at least
in Amiwrus that there is no apevture to the clavate cell such as the
mucus-cell possesses, and their position indicates that lubrication of
the surface is not their function. Oceasionally « clavate cell may be
seen in sections protruding from the surface (Fig. 2), but such
appearances are probably due to a defect in the superficial kavers of
the cpidermis, and to the action of the havdening reagents.

(g) Interepithelial Pigment-Colls.—1 do not remember to have
seen the source of these cells discussed ; it is possible that develop-
mentally they may belong to the next group. In young stages the
interepithelial pigment is very abundant, forming a continweuns net-
work of cells only interrupted by the cutaneous sense organs. In
the adult skin the individual cells ave more independent, and gen-
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erally considerably more branched and possessing more delicate
processes than the pigmenta 7 cells of the corium.

(%) Non-Epithelial Elements.—Certain small bodies of nuclear
appearance are met with frequently in the lower layers of the epider-
mis swrrounded by a scanty protoplasm. In size the nuclei agree
fairly well with those of the amoeboid cells of the connective tissue.
It is possible, however, that preparation with suitable methods might
indicate the existence of interepithelial nerves, a matter which de-
serves investigation since Pfitzner’s' discovery of the nerve endings
in the epidermis of amphibian larve.

The following layers are present in the corium of Amiwuris which
does not appear to present any peculiarities in this respect not met
with in other osseous fishes :—

(@) The pigmentary or papillary layer.
(4) The stratified fibrous layer.
(¢) The adipose layer, or subcutancous connective tissue.

(a) The Pigmentary Layer.—The palisade cells of the epidermis
rest immediately upon a ‘basement membrane,” from which in
hardened preparations they ave readily detached, leaving behind
them the membrane with a distinct jagged edge. The teeth of
the latter are probably protoplasmic processes serving to connect
the cells wivh the underlying structures similar to the ‘intercellu-
lar bridges’ of protoplasm of the higher cells. In the reticular
connective tissue which follows the basement membrane are found
the vessels and nerves destined for .the supply of the epidermis.
The pigment cells which are so abundant here are very different
in form from the interepithelial pigment cells (Fig. 1); they ure
much larger and have short lobate processes ravely connected
in the adult with those of neighbouring cells. This layer would
not deserve exclusively the name of pigmentary layer in young
forms, where I find a second almost equally strong layer below the
stratified fibvous layer, which disappears, however, in the adult with
the exception of a few scattered cells.

As the papille vary much in number in different regions of the
body the papillary layer is necessarily modified by its projection into
these structures which contain exactly the same elements, and are

1 Morph. Jahr. VII. 726.
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generally conical in form. The palisade cells radiate from the papillze
just as they do froia the corium itself, and the result is that where the
papillee are frequent, the interpapillary epidermal cells look as if
arranged in pockets between them. (Fig. 2).

1b) The stratified fibrous layer exhibits the disposition so well
known in other osscous fishes—strong parallel bundles penetrated at
intervals by vertical fibres.

(¢) Beneath the above is the adipose layer, which differs conspicu-
ously both in thickness and in the character of the tissue in various
regions, a difference chiefly due to the mode of arrangement of the
fat therein. The adipose layer is separated from the underlying
muscles by a membrane formed of bundles chiefly parallel to the
surface of the skin.

THE CHARACTER OF THE SKIN IN DIFFERENT REGIONS.

Apart from the modifications induced by the presence of the cut-
aneous sense-organs, the skin exhibits characteristic peculiarities in
different regions. Thus, on the lips the clavate cells are absent, and
the mucus-cells also few in number, the ordinary epidermal cells
making up the rather exceprional thickness of the epidermis in this
region. It is, perhaps, owing to the great numbers of sense-organs
that these peculiar clements of the epidermis are absent, because
elsewhere, in the immediate neighbourhood of sense-organs, the same
peculiarity is noticeable.

The fibrous layer of the corium in the head is generally much
thinner than that on the trunk; on the other hand, the subjacent
adipose layer is thicker in the former than in the latter region. The
epidermis is somewhat thicker on the sides of the head than on the
upper and lower surfaces, while on the trunk the reverse obtains. This
is apparently due to a greater number of clavate cells in both cases.
Again, in the neighbourhood of the vent and urogenital papilla, the
clavate cells are absent, or, at any rate, very sparingly represented.

Important points of difference between the skin on the lateral region
of the trunk aund that of the head may be gathered from a comparison
of Figs.1 and 2. In the former region the papille of the corium are few
and scattered, and the clavate cells are generally only ina single layer.
In the latter the papille are so frequent that the epidermis looks on
section as if it were arranged in pockets between them. There the
clwate cells are in several layers, and they adapt themselves to the
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exigencies of their position, confined as they arve by the papille, so
that they lie frequently transversely with their narrow ends extend-
ing downwards. (Fig. 2.)

The ventral surfuce is characterized by the total absence of pig-
ment, which is true of the corium as well as of the epithelium.

ABNORMAL COXNDITION OF THE SKIN.

In two successive Springs T have observed certain tumours of the
skin of a somewhat spongy appearance which do not appear to be
confined to any particular region of the hody but are commonest on
the head and in its neighbourhood. I have, however, observed them
on various parts of the trunk. Tt is possible that tliese are to be seen
also at other times of the year, but, as they have only attracted my
attention in Spring, I supposed at first that they might be somewhat
similar to the ¢ Perlbildungen’ descrvibed by Leydig, or comparable
to the more extensive epidermal changes which take place at the
breeding time in many Cyprinoids. That they are not frequent is
suflicient indication that they arc not normally recurring structures ;
and Prof. Leydig informs me that the histological change is not of
the same nature as that which characterizes the ¢ Perlbildung.’
Their appearance and the condition of their ocenrrence appear to me
to exclude their being merely a reparative proliferation after a wound,
and I have arrived at the opinion that we have in these tumours
something similar to Epitheliomata.

If a portion of such a tumour be placed in Miiller’s fluid over night
and the epidermis pencilled away, the slender papillie stand up from
the corium s0 as to form a sort of pile on its surface. The dissocia-
tion of the epidermis takes place much more readily than in normal
skin, partly owing to the fact that the superficial layers, especially
that bearing the cuticular border, have disappeared, partly owing to
infiltration into the interepithelial spaces. The altered papille
instead of being short, simple and cylindrical, may attain a length of
over 1 mm., be much hranched, and sometimes flattened and palm-
ately branched. For the nonrvishment of the increased epidermal
surface, the vascular networks of the papillzz are much richer, and an
increased number of pigment cells are observable. Although the
papillary layer of the corium is thus increased in thickness, the
fibrous layer is much thinner than in the neighbouring nnaffected
parts of the skin.  The nature of the cells. which fili up the inter-
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papillary spaces, varies according to the part of skin where the
tumour is attached. On the lips, for instance, where there are no
clavate cells, the interpapillary spaces are chiefly occupied by spindle-
shaped cells, but elsewhere, where clavate cells occur. these also are
prolifemted, being found in regular nests such as are represeunted in
Fig. 3. Everything indicates rapid division, but no further peculi-
arity has attracted my attention nor can I furnish uny explanation of
the appearance of these, no doubt. pathological growths.

CUTANEOUS SENSE ORGANS

Within recent years important contributions to the kuowledge of
the sense organs lodged in the skin of Teleosts have appeared. Fol-
lowing up his earlier researches Leydig! has recently described those
of Esox, Gusterosteus, Adcerine and Lote. Solger® has studied the
orgens of the lateral line in various forms, and Bodenstein® has given
a careful description of those of C'ottus yolbio.

I have not had access to Mevkel'’s work* in which® a sharp distinc-
tion is drawn between two classes of cutancous sense organs.  Those
which he terms ¢End-knospen,’ (end-buds). the ¢beaker-shaped
sense-organs’ of Leydig, are lodged on papillee of the cutis. and,
although freely distributed over the skin and in the mouth cavity of
Teleosts, are only found in the latter situation in higher vertebrata,
where they reappear as taste-bulbs. To the second class belong the
end-organs of the nerves, which are distributed to the luterd line and
the ‘mucous’ canals of the head. Merkel terms this second class
¢ Nervenhiigel, (unerve-hillocks), and points out their tendency to
withdraw themselves for protection from the surface of the integu-
ment within more or less completely closed canals, although. primi-
tively, all nevve-hillocks arc free and exposed to the surronnding
medium (except for a protecting tube of cuticular origin). and in some
species such ‘free-organs’ are alone present. The end-buds, on
the other hand, are always flush with the surface. certain of the ele-
rients even projecting beyond it, and indeced mwy he carried beyond
the general level of the integument where tactile sensibility is at its
highest development, as in the Kentucky blind-fish (dmblwopsis),
the Indian Cyprinoids recently described by Leydig, and, in fact, in

1l e p. 22, etseq.  ® Arch.mik. Anat. XVIIL, 334, 2 Zeit. wiss. Zool. XXXVIL, 121,
¢ ¢ Ueher die Eudigungen der seusiblen Nerven in der Haut der Wirhelthe re ™
5 Vide Wiedersheim Lehr. der vergi. Anat. S. 355,
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the Siluroids, where the barblets, like the pectinated ridges on the

head of Amblyopsis, ave little else than carriers of such end-budls.

F. E. Schulze had already pointed out the difference in form of
the sensory cells in these two kinds of end-organs, those of the nerve-
hillocks being short and conical in form, while those of the end-buds
ave long and rod-like. That this difference of form corresponds also
to a difference of function has been rendered certain by the study of
the nerve supply of the nerve-hillocks, and many facts point to the
truth of Mayser’s suggestion that we have in the  mucous’ canals of
the head and of the lateral line with their contained nerve-hillocks, »
low form of auditory organ. In describing further on the origin of
the nerves distributed to the mucous canals of the head in Amauruws.
we shall find further support for Mayser's theory.

This sharp distinction between the two clusses of organs does not
appear to be recognized by Leydig, who finds that in the pike the
organs of the lateral line and the beaker-shaped organs agree essenti-
ally in their structure. My observaiions on Amiwrus convince me
that the neuro-epithelium has a very different chavacter in the two
sets of structures in that genus. As I have no new details to offer
with regard to the structure of the end-buds, I shall only devote «
short space to the descviption of their situation, number and form.

(«) End-Buds.—End-huds are to he found in profusion in dmi-
urus, for tactile sensibility is at its highest development. Not only
are they present in great numbers within the cavity of the mouth, on
folds of mucous membrane on the gill-wches and on the contractile
palate, but the snout and skin of the head, and especially the lips,
are thickly covered with them. They diminish in number backwards,
and ave less frequent on the trunk, as may readily be inferved from
their function. ' They may be most easily studied, however, where
they reach their greatest size, and are most closely crowded together,
i.e., on the barblets, which are solely for the purpose of increasing the
functional range of the end-buds, and are little else than modified pro-
jections of the skin stiffened by a cartilaginous axis attached to under-
lying bone, and bearing on each papilla an end-bud. There ave eight
such barblets in dmdwrus ; the ‘nasal’ project upwards in front of the
posterior nares, and are supplied by a large branch of the Z2. ophthal-
micus profundus. The *maxillary’ are the largest and most freely

1 Zeit. fir wiss. Zool. NXXXVI., 312.
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moveable, being attached to the stylelike superior maxiliary bones,
and indebted for their nervous supply chiefly to the Ry». mawillares
7., although they also receive branches from the Rr. mandibwlares.
Attached to the under-surface of the mandible are the four ¢ mandi-
bular’ barblets, supplied by the Br. mendibulares V.

If the tip of one of the barblets of a young specimen be examined
in the fresh condition the end buds are visible both from the surface
and in profile. From the latter point of view the organ almost in-
variably appears to have a mouth (owing to the retraction of the
central zone of the neuro-epithelium), and this appearance is general
also in sections of hardened specimens. ILeydig, who has observed
this phenomenon, attributes it to contractility on the part of the
peripheral zone of cells. From the surface view it is easy to distin-
guish the two zones of the neuro-epithelium, and likewise in sections
which pass transversely to the end-buds. The central cells, which, as
distinguished from those of the mantle or periphery, are the sensory
elements, occupy the whole length of the end-bud. Difference in
form in end-buds from various regions appears to be largely due to
the bases of the peripheral cells, which sometimes are considerably
swollen round about the nucleus, at others remain slender even
there. On the barblets the end-buds are almost cvlindrical in form,
and are crowded especially towards the tips. In a hardened speci-
men where the interpapillary epidermis is 200 x thick, the cylindrical
end bud extends through 120 g, the papilla occupying the rest of the
thickness. The transverse diameter of the end-bud at its mouth is
17 u, and each end-bud is separated from its neighbour by about
twice its width. In young specimens the end-buds are even moie
crowded, and stand out even more strongly than in the adult from
the rest of the barblet, for the interepithelial pigment cells form a
complete and close net work in the young, hut afterwards become
scattered in the adult. The pigment cells do not encroach upon the
end-buds whence, apart from their form, their isolation of the latter
from the rest of the epidermis.

In other regions the eylindrical form gives place to elongated oval
or pyriform shapes. Elsewhere the same length is not attained as
in the barblets, although the transverse diameter may be consider-
ably greater.
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(b) Nerve-Hillocks.

(I). SExse ORreaNs ofF THE LarERal LINE aND or tur ¢ Mucors’
CaxaLs or THE Hrap.

The systent of cutaneous canals which lodge from place to place
the sensory nerve-hillocks was at one time described as the system of
fmucous’ canals, owing to the belief that the skin owes its slimy
surface to the secretions of these. It is now very well known that
the sliminess is due to the muecus-cells described above, and that
any mucus which is found in the interior of the canal system has the
same sort of velation to the nerve-hillocks as the endolymph in the
auditory labyvinth to the macule acusticee.  The fact that the canal
system has a very free communication with the outside, renders it
probable that the surrounding medinm must penetrate it in such a
way as to dilute any mucus present.

The canal system in Amiurus possesses the arrangement which is
commonest among Teleosts, that is to say the canal of the lateral
line is entirely imbedded in the cutis, and opens only from place to
place by the pores, while it conmunicates anteriorly with the more
complicated canal system of the head. In other Teleosts the scales
of the lateral line are modified in various ways both by the presence
of the canal and its poves, but as these are entirely absent in
Amdurus, the pores ave simpler in their structure. It is very much
easier to sbudy the apertures of the canal in the fresh condition than
in a preserved specimen, owing to the absence of pigment in the
immediate neighbourhood of the pores, and to the fact that their
edges are somewhat swollen.

All of the lateral pores ave similar in character, with the exception
of the two terminal pores, which are near the caudal fin, and which
open obliquely into a small detached portion of the canal. This i,
no doubt, a relic of the interrupted lateral canal seen in other
Physostomous forms e.g. Esox. Forty pores are present on each
side ; as the number of pores corresponds to the number of nerve-
hillocks (although opening into the canal at some little distance from
these), and the spinal nerves are also present in the same number,
it is obvious that the sense organs of the lateral line are disposed
in a metameric fashion here as in other Teleosts.

The lateral canal corresponds exactly in position to the cleft
hetween the dorsal and ventral divisions of the lateral musculature.

rw
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The R. lateralis vagé which supplies the gense organs of the canal is
not situated in the subeutuneous tissue beneath the canal, hut a little
distance inwards between the two masses of muscle, @ branch being
detached to pass outwards to each nerve-hillock. I[n transverse
sections through the canal, it is obvious that it is situated between
the epidermis and the stratified fibrous layer of the corium. being
lodged in what is elsewhere the pigmentary layer of the corium,
although the pigment is practically absent in the neighbourhood of
the canal. The epithelium of the canal which is quite low, except
where it is transtormed into the neuro-epithelium of the nerve.
hillock, is continuous at the poves with the surface epithelium of the
skin.  An exceedingly delicate connective tissue surrounds the
epithelium, separating it from the proper wall of the canal, which is
formed in the neighbourhood of the pores of a dense connective
tissue whose elements are disposed radially to the wall of the canal,
but in the neighbourhood of the nerve-hillocks. and indeed for the
greater part of the canal between the pores, by a much thinner layer
of osseous substance, so disposed as to form u complete tube for the
greater part of its course, but less complete towards its ends. No
bone corpuscles are present in the osseous wall of the canal, as is
also noted by Leydig and Bodenstein for the forms described by
them. I am unable to identify the above-mentioned dense connec-
tive tissue with cartilage as Bodenstein does, the corpuscles are quite
similar to connective tissue corpuscles, and there is no matrix stain-’
ing in Bismarck brown, asis the case cven in cartilage which has a
minimum of intercellular substance. Separating the dense wall rfrom
the swrrounding tissues is again a layer of reticulur tissue belonging
to that which I have above spoken of as the pigmentary layer of the
corium.

The lateral canul of the adult is approximately ~2mm. in transverse
diameter ; in young specimens of two inches in length, hardly one-
third of that.

To study the course of the mucous canals in the head a series
through young forms is most convenient, althongh approximately the
direction of the canals may be seen also from the pores. (Figs. 4,
5, 6.) The pores do not open dirvectly into the canals of the head
as they do into that of the lateral line, but by longer or shorter
tubes—-a circumstance noted also by Bodenstein for Coftus—and con-
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sequently the divection of the canals can ounly he approximately
determined by the study of the swface.

Within recent years the study of the course of the mucous canals
has received an impetus from the discovery of their relation to the
morphology of the skull, and accordingly it will be found detailed
in Prof. MceMurrich’s paper on the osteology of this specics.

The canals in the head vary considerably in their dimensions ;
their diameter is on the whole greater, sometimes twice as great as
that of the lateral canal, and their walls are different in so far as
the protective canal is formed of true osseous substance throughout.
Except in respect to the greater size of the nerve-hillocks, the lining
epithelium appears to be very similar. A transverse section through
a nerve-hillock trom a young specimen is represented in Fig. 7. The
upper half of the tube is occupied by the ordinary epithelium. which
becomes thicker as it approaches the neuro-epithelium, projecting
inwards so as to lessen the cavity at this place. Two kinds of cells
are to be distinguished in the neuro-epithelium : sensory cells, short
and oblong, occupying the inner half of the height of the epithelium,
and indifferent cells {Stuetzzellen) occupying the whole height with a
basal nucleus.  The latter are more frequent at the point of passage
into the ordinary epithelium. Fig. 8 represents a section of a macule
weustica from =« fish of the same age, drawn under similar conditions ;
the resemblance of the two kinds of neuro-epithelia is particularly

“striking. In Fig. 7 the whole height of the neuro-epithelium is 37 4,
of the sensory cells 15D u; the nuclel of these are 65 1, of the
indiflerent cells 45 . The latter stain very densely in carmine, con-
trasting with those of the sensory cells in this rvespect. Here and
there between the indifferent cells are structures which are possibly
nerve fibres in section.

To veturn to the course of the canals in the head. It will be
observed from Fig. 6 that the lateral line rises us it passes forwards
towards the posterior npper angle of the gill-cover. Before reaching
that « short tube is given ofl which opeus in the skin over the
ascending process of the supraclavicle. Directly over the posterior
upper angle of the gill-cover is another pore (Figs. 4 and 6) and in
front of that another. At the plane of the latter the canals of the
two sides communicate by the ‘occipital commissure,” which again
has two apertures near the middle line. The canal proceeds forwards

* from this plane, and again opens by a short tube over the articula-

an
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tion of hyomandibular. With Bodenstein I find no communication
between the principal canal and that which is lodged in the preoper-
culum and mandible opening with eight pores on either side. (Figs.
5 and 6).

From the hyomandibular articulation the canal passes forwards
and inwards giving off’ the infraorbital branch which passes through
the infraorbital chain of bones and terminates in the adnasal or
antorbital bone, which is the most anterior of these. In its cowrse
the infraorbital canal first opens dirvectly behind the eye, then by
two pores below it and one in front, and finally by two in the same
transverse plane behind but lateral to the anterior nasal aperture.
The supraorbital canal may be regarded as the continuation of the
principal canal ; immediately after giving off the infraorbital branch,
a tube is divected backwards which opens behind the first infraor-
bital pore. but near the middle line. From this point the canal
inclines distinetly towards the middle line, opens by a pore in the
plane of the eyes, by another medial to the posterior nares, and
terminates by two pores which lie in the same sagittal plane over
the medial division of the nasal sac. No further communication
takes place between the supraorbital and infraorbital canals of the
same side, nor do the supraorbital canals of opposite sides meet in
the middle line as in Cottus. The chief departure from Wieder-
sheim’s diagram (p. 359 I ¢.) consists in the independence of the
mandibular branch, and the absence of an anterior anastomosis of
the infra- and supraorbital branches —features which are common to
Amiwrus and Cotius. On the other hand, Cottus differs from
Amiurus in possessing one median and two lateral pores in the ocei-
pital commissure, and in the supraorbital branches meeting each
other in the middle line hefore they give off a single backwardly-
directed tube in place of the two noted above.

(2). Accrssory LATERAL ORGANS.

In various Teleosts the lateral line is not an uninterrupted canal
as in dmiurus, but may be regularly interrupted as in Esox, two or
more uncanaliculated scales separating those which are canaliculated.
* As if in compensation, however,” says Leydig!, ¢ additional scat-
tered canaliculated scales are present above and below the lateral
line, to a certain extent accessory or rudimentary lateral lines, as

1. e p. 33,
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they have also bheen named.” Such a condition does net occur in
Amiaras ; but other accessory protected nerve-hillocks are present,
of which I can find no mention in the literature of the subject,
unless they prove to be structures similar to those deseribed by
-Leydiy in the pike and burbot. He «ays of the former: *In addi-
tion to those * lateral organs’ which are present along the principal
and accessory lateral lines they are distributed also elsewhere. On
the trunk they are arranged in rows wansverse to the long axis of
the body.  Each row may be compcsed of six to ten hillocks. In
such spots the piginent of the skin only approaches so as to form a
sort of boundary line. and the slime cells are likewise absent, so that
the vow of sense-hillocks has something of an isolated chavacter,
although not situated within a furrowed scale.”

“To give approximately the number of transverse rows of sense-
hillacks is impossible, as I have not succeeded in recognizing them
with the loup on the unwounded skin. Horizontal sections and
microscopical investigations will be necessary to determine their
number and arrangement.”

“On the skin of the head, e. g., the vegion of the cheeks, beaker-
shaped organs of the usual size ave to be found, as well as others
which are not inferior in size to the nerve-hillocks of the lateral
lines, so that it is indifferent what name we give them.”

«Tt is worthy of remark that the beaker-shaped organs of the pike
and the organs of the lateral line on the trunk agree essentially in
their structure.”

Of Lote, Leydig says (p. 39) : “In the head region the pores of the
mucous canals are also present, but more numerous, and although for
the most part restricted to the course of the mucous canals, they are
also to be found in spots far from any mucous canal. The same is
the case on the trunk. If all of these points are actually pores of
the system of mucous canals, the principal tubes of these must send
off long branches in the corium to open in this manner. It is pro-
bable. however, that the structures indicated are nothing but large
beaker-shaped organs.”

As has been remarked above, Leydig does not sufficiently dis-
tinguish in the above passage and elsewhere between ¢beaker-
shaped organs’ and * nerve-hillocks.’

Amiurus possesses certain structures which I am inclined to believe

"are comparable to the scattered nerve-hillocks described by Leydig
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in the pike, but perhaps more closely resemble the structures which,
in Lote, communicate with the outside by scattered pores. The
structures to which I refer open by slit-like apertuves very diflerent
in character from the ordinary pores. Tt is only in the fresh skin that
they can be readily detected, and then it is owing to the deticiency of
pigment in the wall of the slit similar to that which oceurs in the
mouth of the pore, that they stand off from the rést of the skin.  In
size they vavy considerably. Some arve larger. others wmuch shorter
than the pores, but all of them are very much narrower. The
most easily recognized ave those which form a sort of accessory lateral
line stretching obliquely downwards and backwards from the upper
angle of the gill-slit. They are accompanied and probably supplied
by a distinct branch of the Ramus lateralis vayi, which runs along the
line of junction of the lateral and ventral musculature, but another
very distinet vow is to be found almost parallel to the pracopercular
mucous canal, running down over the M. wdductor mandibule-. Both
of these are indicated by the dotted fines on Fig. 6. Again, in front
of the dorsal fin similar slits occur, several very distinet behind the
oceipital pores, others less so. disposed transversely to the long axis
of the body.

T have no preparations of the adult skin which pass through these
structures, but in a series through a young fish of two inches in
length, made tor a different purpose, I find certain detached flask-
like sacs traceable through three or four sections, which communi-
cate freely with the outside by apertures which are, no doubt, the
above-mentioned slits. These sacs appear to be irregularly scattered,
at any rate, as Leydig observes in relation to the pike it would be a
work of some labour to map them out, but although often far re~
moved in the trunk from the lateral canals, they appear to be always
grouped near these in the head. They are especially numerous in
the neighbourhood of the nerve-hillocks, and are thus found especi-
ally on the snout, below the eyes, on the cheeks and in the occipital
region. I recognize the same structures also in the much younger
forms whence Fig. 7 is taken, and as well in the one series as in the
other, the difference between these sacs and the end-buds is very
striking.  Although the central-cells of the end-bud may be retracted,
as noted above, so as to form a little recess in the mouth of the
¢ beaker,’ the whole organ does not extend down to the corium but
is lodgeczoon a papilla extending half-way up through the epidermis,
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the end.bud consequently corresponding in length only to the other
half. Otherwise with the sacs in question: the corium is hardly
disturbed by their presence: the hases of the epithelial cells which
form the fundus of the sac resting on it at the same level as the
ordinary palisade cells do.  In preparations where the epidermis is
110 thick. the cavity of thesac is 80 12 deep, 18 » wide in the ex-
panded fundus. and 6 £ in the navrow neck. Whether the aperture
of the sac, which widens somewhat from the neck, be much larger
than it is broad (i.e., slit-like), in the stage in question, I am unable
to say, from the vertical sections at my disposal, but T am inclined to
think not. The walls of the sac vary in thickness from without in-
wards ; in the aperture the ordinary surface epidermal cells are found,
but the neck is bounded by cells, which are oval in outline where
they look into the cavity, (the long axis being disposed trans-
versely to the long axis of the sac), while their flattened opposite
ends converge downwards towards the corium, being imbricated
round the cells of the fundus like the scales of a bulb. The fun-
dus is occupied by a nerve-hillock, the neuro-epithelivm of which is
quite similar to that in the ordinary canals, although, perhaps, only
three or four of the short sensory-cells may be counted in one section.
In my sections the hairs and bristles have not been preserved ; dif-
ferent methods of preparation would, of course, be necessary to de-
termine further the histological peculiarities of the sacs hoth in the-
young and adult. All the cells that look into the sac, except those
of the neuvo-epithelium, have a distinct cuticular border, which is
directly continuous with that of the superficial epidermal cells. In
still younger stages than that described the cavity of the sac com-
municates much more freely with the outside, und the characteris-
tic flask-like shape has not vet been assumed.

I have not studied the cutaneous * nerve-sacs.” tirst discovered by
Leydig, which replace ordinary free nerve-hillocks on the head in
Ganoids, nor can T vefer to Merkel’s work in which these ave accu-
rately described, but from the account (based on Merkel’s) which
Wiedersheim furnishes of these,! T am inclined to believe that we
have here smali ‘nerve-sacs’ of a similar charvacter. It will be
observed, if the above description be compared with that which I
trunslate from Wiedersheim, that the agreement between the struc-

! L. c.g p. 361
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tures in question is close. *They are small, hardly over 1 mm. iu
size, and are especially numerous on the under surface of the snout,
round the eves, and on the occipital and opercular regions. In the
form of the histological elements they recall the ampulle of the
Selachians more than the nerve-hillocks of the Teleosts. The epider-
mis of the skin is folded into a minute sac, in the interior of which
the stratified pavement epithelium gives place to a single layer of
cylindrical epithelium with a distinet cuticle. Between the cylin-
drical cells are found the hair-bearing sensory cells, shaped like those
of the Teleosts, but closer together, as well as shorter and more
pointed. Below each sac¢ is a subcutaneous cavity filled with gela-
tinous substance.”
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THE OSTEOLOGY OF AMIURUS CATUS
(L) GILL.

BY J. PLAYFAIR McMURRICH, M.A.
Professor of Bivlogy in the Ontario Agrvicultnral College.

{fead befor the Canudian [nstitute, Febraaen the 16th, 1584.)

Numerous statements regarding the osteology of the Siluroids
have appeared from time to time in various works, such as the text
books of Stannius, Huxley, Claus, Wiedersheim. etc., and in many
scattered papers, but, as far as T can discover, no complete study has
been made of any one form. In the following pages I desire to re-
count the results of u detailed siudy of the various osteological
elements ot owr common Canadian Siluroid, miwrus catus (L.)
Gill. The description of the various portions of the skeleton will be
accompanied by some notes on the development of certain bones, as
far as it has been possible to trace them, and a few remarks of a
comparative nature.

L—THE CRANIUM.

Viewed as a whole the cranium is extensively flattened, tapering
from behind forwards in depih, so that a vertical longitudinal section
would present a triangular aspect. Posteriorly are seen the five
processes characteristic of the Telcostean skull, those of the pterotics,
epiotics, and the median clongated supraoceipital spine. No well
defined orbit is present, the postorbital process of the sphenotic being
exceedingly small. A well marked antorbital process is, however,
present, and in front of this at the anterior extremity of the skull
two move lateral processes are formed by ossification of the lateral
expansions of the cthmoid cartilage. On the upper surface of the
skull are two median- fontanelles ; the anterior is the broadest, and
is bounded by the frontals behind, and slightly by the mesethmoid
in front; the posterior, which is long, tapering posteriorly, is bounded
in front by the frontals, and posteriorly separates the supraoccipital
into two halves, ncarly as far back as the posterior swiface of the
skull. In accordance with the flattening of the skull, the canal for
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the orbital muscles is exceedingly rudimentary, and very little
cartilage remains in the skull, the anterior portion of the ethmoidal
cartilage alone remaining unossified.

1. Sveraoceiprrat,

This is the largest of all the occipital bones, but enters only very
slightly into the boundary of the foramen magnum. Looking ab it
from above (P1. 1L, Fig. 1, SO), iv would appear to be divided into
two portions, owing to the convinuation backwards of the posterior
fontanelle. Posterviorty. on either side of the fontanelle, it presents
many minute formnina, belonging to the system of the mucous
canals. Behind the posterior plane of the skull the bone i+ pro-
longed into a long spine, from the under surtice of which a triangular
ridge (PL II., Fig. 2, SO) projects downwards and bifurcating above
the foramen magnum is continued downwards on the exoccipital.
On the posterior surface, on either side of this vidge, is seen a
foramen, which, from the inner surtace, opens into a canal formed
by the union of two others. Of these the superior and larger is
occupied by the rumas lateridis trigemind, the lower, separated from
former by a small spicule, by the aseending branch of the first
spina! nerve. Below this laster opening is a third, leading into a
canal which traverses the substance of the bone. ruuming downwards
and outwards. and containing in the living state the canalis senvi-
circularis posterior. The supraoccipital articulates anteriorly with
the frontals ; laterally with postfrontels, plerotics, epiotics and
supraclavicle ; below with the epiotics, and em-occipitals.

2. Bxocarrrrars (P 1L, Fig. 2, Ex0O).

Occupying the remninder of the houndary of the _foramer maynum
are the exoccipitals ; each of which forms the three sides of a cube
open above, in front, and on the inner side. A ledge of bone pro-
jects from the lower part of each houe inwards, meeting in the
middle line, and forming the Hloor of the foramen magnum, and the
roof of the sinus itmpur. The ridge of bone extending downwards
from the lower surface of the supraoccipital spine is continued down-
wards on these bones, forming the lateral walls of the foramen
magaum.  On the outer surface are two foramina; the anterior
small one gives passage to the nervus glossophuryngeus, and the pos-
terior large one to the V. ragus.  On the posterior surface is another
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foramen, small, situated on a line with the inwardly projecting
ledges, and giving passage to the first spinal nerve.  The inner sur-
face of the bone is smooth. The exoccipitals do not unite into a
close articulation with neighbouring bones, but are ervely placed in
apposition, the outlines of the bones not being indented but perfectly
smooth. They are in relation above with the supraoccipital, epiotics,
and plerotics ; in front with the prootics ; and below with the basi-
oceipital.

3. Basiocereitarn (Pl II., Fig. 2, BO).

The Basioccipital is shut out by the exoccipitals from contributing
to the formation of the foramen magnum. Tts posterior face is
deeply concave; below is a nutrient foramen; the upper surface
forms the floor of the sinus ‘mpar,; and the body of the bone is
deeply hollowed for the reception of the sacculus of either side. It
extends forwards, becoming smaller and thinner anteriorly, where it
articulates with the posterior edge of the basisphenoid. Tts articula-
tions are as follows :—Ahove and at the side with the exoccipitals,
and prootics; below with the parasphenoid ; in front with the dasi-
sphenoid ; behind with the body of the first vertehra; and laterally
with the horizontal limb of the supraclavicular.

4. Errorics (Pl IL, Fig. 1, EpO).

These bones, one on either side, form the postero-lateral angles of
the skull.  Each has an irregularly spherical triangular shape, affixed
by the base, the apex forming the projecting angle. Internally the
bone supports part of the posterior and longitudinal semicircular
canals, the former passing in a deep groove on its postervior wall, the
latter lying on the horizontal floor. The anterior upper edge of the
bone is deeply channelled, the cavity communicating with a similar
one in the substance of the pterotic. The articulations of the epiotics
are with the supraoccipital, exoccipitad, pterotic, and supraclavicular.

5. Prerorics (PL 1., Figs. 1 and 2, PtO).

Form the postero-external ungles of the skull. Each is an ossifi-
cation around the arch of the horizontal semicircular canal. The
posterior upper edge shows a wide opening extending some distance
into the cavity of the hone, apparently separating the upper portion
of the bone into two lamelle. The groove mentioned above as
occurring on the epiotic, and also one on the outer edge of the hori-
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zontal portion of the supraoccipital, ave parts of the same cavity.
In a skull from which all accessory parts have been removed, it
opens by a comparatively wide opening at the base of the ridge,
which extends upwards upon the bone to unite with the similw-
ridge on the supraoccipital spine.  This opening is almost closed in
the natwral condition by the supraclavicle, a small opening only
being left. The cavity is apparently quite shut off from any com-
munication with the brain-cavity, and contains only fatty tissue.
On the upper surface of the pterotic, on the projecting posterior
portion, are several foramina—the operings of a mucous canal,
which passes forwards in an osseous canal, running along the outer
edge of the bone. The smooth surface formed by pterotic, exoc-
cipitals and epiotic lodges the utriculus. The pterotic articulates with
the supraoccipital above ; the epiotics, and supraclavicular behind ;
the exoccipitals, and prootics below ; and in front with the sphenotic.

6. Proorics, (Pl TL. Fig. 2, r0.)

Lie on each side immediately in front of the exvccipitals. Each
is a somewhat quadrate bone, extending to the middle line
below, where it articulates with the fellow of the oppusite side,
thus entering into the formavion of the base as well as the walls
of the skull. The middle portion of its inner swrface is crossed
by a ridge, notched outwardly, in which noteh the anterior or
sagittal semi-circulur canal passes to the recessus wutricadi. Near
the posterior edge is another smaller ridge. round the outer
extremity of which the same canal turns in passing forwards from
the wtricalus. Between these two ridges is a smooth hollow, with
a very thin wall, which lodges the recessas wiriculi. Below the
prootics, where they meet in the middle line below and between them
and the anterior portion of the basioccipital above, und the purasphe-
noid below, is a small cavity. 'This is the almost aborted rudiment

. of the canal for the orbital muscles, which is largely developed in
many fishes, but absent or very rudimenvwy in Silurus, Admiurus,
Gadus, Lophius, &c. The middle of the anterior edge of the prootic
is notched variously in different individuals, sometimes possessing a
single notch, at other times there being two more or less separated
by an intervening osseous spicule. These notches are closed in front
by the posterior edge of the alisphenoid. and through the foramina
thus formed the fifth and seventh cranial nerves (¢rigeminus and
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Jucialis) make their exit from the cranial cavity. The prootics arti-
culate with the exoceipitals and dasioccipital behind ; above with the
pterotics and sphenotics ; internally with the fellow of the opposite
side ; anteriorly with the alisphenoids and basisphenoid ; and helow
with the parasphenoid.

7. Seuevorics, (Pl 11, Figs. 1 & 2, Sp0.)

Or postfrontals. present a flat surfice on the roof of the skull.
but send down a vertical longitudinal plate of considerable thick-
ness, which is grooved deeply posteriorly, the arch of the an-
terior semi-circular canal being contained in the groove. On
examining the bone from above, there may be scen below the
surtace a chamel, a continuation of that alrcady mentioned as
traversing the ptevotic, and containing a mucous canal.  About
the middle of its course on the sphenotic is an opening for a
mucous pore, with which usually opens «ulso i canal passing from the
cranial cavity and giving exit to a dorsal branch of the érigeminus,
though it occasionally opens separately. From the swne point an-
other channel in the bone passes inwards, opening by a pore on the
line of articulation between the postfrontal and frontal. This also
contains i mucous canal.  On the under surfuce, near the external
edge, is a longitudinal groove continued from pterotic which is the arti-
cular surface for the hyomand. The vertical portion of the bone forms
the superior boundary of the foramen for the trigeminus and facialis,
and is not continued forwards to the anterior extremity of the bone,
which is there formed solely of a horizontal plate. The sphenotic
articulates with the supraoceipidal and pterotic posteriorly ; below
with the prootic ; in front with the alisphenoid ; and above and in-
sernally with the frontal.

8. Paraspuexoin, (Pl IT. Fig. 2, PaS.)

This bone, lying at the base of the skull, extends from the basioc-
cipital, which it slightly overlaps, to the vomer anteriorly, by which
it is overlapped. About the junction of the anterior two-thirds with
the posterior third it expands somewhat, extending upwards to arti-
culate with prootic. Behind it forms the floor of the small rudiment
of the canal for the orbital muscles, and its expanded portion is
tirinly anchylosed with the superjacent boue, the basisphenoid. The
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parasphenoid lies below the dasioccipital behind, and also passing
forwards, the prootic, busisphenoid, orbitosphenoid and ectethmoid.

9. BasispHENOID.

Does not appear as a distinet bone in the skull of Amiurus but is
anchylosed with the subjacent parasphenoid, the line of demarcation
hetween the two being more or less distinct however. Itis a flat-
tened impair bone, presenting no especial features for examination.
It forms the lower boundary of the foramen for #-igeminus and
Suctalis behind, and partly of the fovamen for opticus in front, and
articulates behind with the prootic : externally with the alisphenoid -
in front with the orbitosphenoid : and below with the parasphenoid.

10. Avspaesoip, (Pl II Fig. 2, 48.)
A rather small hone, lying on either side between the foramina, of
which it forms the anterior and posterior boundaries, respectively.
These foramina are that for the trigeminus and facie! behind, and
that for the opticus in front. The bone is very roughened and
ridged on its exvernal fuce for the attaclunent of muscles, and abeve
“this roughened portion is a hollow in which lies the anterior portion
of the hyomandibular. The inuer surfuce is smooth. From the pos-
terior edge a spicule of boue passes backwards in those individuals,
in which she foramen for passage of the dth and 7Tth nerves is divided
completely, which spicule unites with a similar one from the prootic.
Immediately in front of posterivr edge is a small foramen for exit of
the ciliary trunk of the 5¢h nerve. On the inner side, immediately
above the inferior process, which articulates with the huasisphenoid,
are two foramina, one above the other. The inferior of these is the
larger, and opens into a canal, pursuing u course wore or less oblique
in different individuals to the exterior. It gives passage to the deep
branch of X. ophthalmicus trigemini. The smaller one lies at the
extremity of a longitudinal groove, and opens into the interior of the
" bene like other similar foramina which perhaps, have a nutritive
function.  Kach alisphenoid articulates above with the sphenotic
and frontal ; behind with the prootic ; below with the basisphenoid;
and in front with the orditosphenoid.

11. FroxtaLs, (PL II. Figs 1 & 2, Fr.)
Ave flat plate-like bones, with a small ridge projecting downwards
from the middle of the under surface. They are separated from each
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other along neavly the whol> of their length, entering into the forma-
tion of the anterior and posterior fontanelles, their articulation being
only at a small surface about their middle point. The mucous
canals, which run in the pterotics and sphenotics continue their for-
ward course in these bones, which present many foramina or mucous
pores. On the upper surface one of these is especially noticeable.
situated on u level with the anterior extremity of the articular sur-
tace on each side.  Below, on the inner side of the vertical ridge, is
a small foramen which is for the exit of a small dorsal branch of the
trigeminus.  On the outer side of the ridge are a varying number of
foramina, varying even on opposite sides of the same skull both as to
size and number. In front of these a groove runs forward to a fora-
men in the very front of the bove, opening into the nasal capsule
and giving passage to the opthalmic branch of the fifth which exits
from the skull through the alisphenoid. The frontals articulate in-
ternally with the fellow of the opposite side; below with the «lis-
phenoids, orbitosphenolds and ectethmoids ; behind with the spheno-
tics and supraocepitals,

12. OrsirospHENOID. (PL L Fig. 2. 0s)

A single bone forming the base and walls of the skull, the cavity
of which is contracted in this region, expanding both in front and
bebind, It forms a passage or canal in which lie the olfactory nerves.
Tmmediately above the horizental portion the bone is notched deeply
anteriorly and posteriorly. These notches are made foramina by the
articulating hones. Through the anterior one a vein passes, through
the posterior, the optic nerve. The orbitosphenoid articulates in
front with the ectethmoids and wesethmoids; above with the fronlals :
behind with the alisphenoids and busisphenoid ; and below with the
parasphenoid.

13. Meseramoin. (PL II. Figs. 1 & 2. MEth.)

Forms the anterior boundary of the skull, and enters into the for-
mation of the floor and the roof of the anterior portion which con-
tains the olfactory nerves. Tt is the median ossification of the eth-
moid cartilage of the young fish, and isone of the two bones in which
the ossification of the cartilage is not completed in the adult, the inner
surface of the bone being lined with it. In front it is notched, and
spreads out into two horn-like processes which articulate below with

1Ic
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the premaxillie.  1ts posterior articular surfaces, both above and be-
low, are very much indented, split up, in fact, into a number of very
long osseous spicules, as in the parasphenoid and vomer, which fit
in between corresponding spicules in the bones with which it articu-
lates. Tts articulations are :—behind with the ordbitosphenoid, fron-
tals and parasphenoid ; below with the praresplenoid, romer and
premaxille ; laterally with the ectethmords.

14. Ecrernyoins, (PL 11, Figs. 1 & 2, £Eth; Fig. 2, Pfr)

" Are the lateral ossifications of the ethmoidal cavtilage. They ave
very deeply grooved on the inner surface for the offuctory nervves,
opening anteriorly by a large foramen. through which the nerves pass
to the olfactory organ. Laterally the bone is produced into a strong
slightly curved process. the antorbital process. and below this is a
roughened surface for articulation with the posterior extremity of the
‘palatine. The lower and posteriov surface of the antorbital process
presents one or two foramina through one of which a branch from
‘the deep branch of R. ophthalmicus trigemani passes. The upper
surface of the bone is irregular, and presents many foramina con-
nected with the mucous canal system. The ectethmoids articulate
“with the mesethmnoid interiorly ; the frontals and orbitosphenoids be-
hind ; the vomer helow, and the palotine externally. Their upper
surfaces also come into relation with two membrane hones, the neasel
“and the adnasal, on each side. and the extremity of the antorbital
“process is in velation to the anterior ossicle of the infiworhital chain.

-15. Vomer, (Pl II, Fig. 2, Vo.)

Is a nail-shaped bone, i.¢., very much expanded in front, and ah-
-ruptly narrowed and tapering toward the posterior extremity. It
dies below the mesethmoid and anterior portion of the parasphenoid,
“with which it interdigitates.

Uertain membrane bones, developed in connection with the mucous
-canal system, may also be described as belonging to the cranium
these are the mfra-orbitals, the nasals, and the ndnasals.

16. ISFRA-ORBITALS.

:  Extending from the frontals downwards behind the orbit, and be-
low it bending and running forwards to the ectethmoid, is a chain of
bones lying in the dense fascia which covers the adductor mandibile
muscle. The first or superior is an almost sguare bone, the second
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long and slightly curved, lying directly behind the eye. It is fol
lowed by the third, almost straight and shorter than the second ; tiw
fourth, fifth and sixth ave straight rod-like bones. longer than the
first or third, the sixth being the shortest of the three. All are trav
ersed by a chaunnel in which lies « mucous canal. more or fewer pos
sessing an opening by which the canal cominunicates with the ex.
terior.

17." Apyasan. PL LI, Fig. 1, dn.)

A small bone on either side, lying at the buse of maxillary tentacle
in the fascia covering the nasal region. It is reully a continuation
forwards of the infraorbital chain, containing the same mucous cunal,
which opens by a pore on its surface.  The hone is slightly triangn
lar, with curved edges, the apex being divected forwavds.

18. Nasars, (PL IL, Fig. 1. Vo)

Ave small bones in Awrinrux, Iving on either side between the of.
nasal and the mesethmoid.  They ave oblong in shape, and are tray-
ersed by a channel for & mucous eanal which opeus by o pove on the
outer edge of the bone.

On comparison with other Telcostean crania, the almost entire
absence of cartilage is a very noticeable featuve. Ossification has
progressed so far in every part that it has replaced the original carti-
lage entirely, except in the mes- and ectethmoid.  Since the cartile
ginous stage precedes in the outogeny the osscous stage, one must
conclude that a form whose skull is completely ossified is phylogene.
tically older than one whose skull contains a cousiderable amount of
cartilage, and, therefore, dmzwrus and the Sisrotds in general form
a highly specialized group, which indeed other points in their ana-
tomy also show. Theabsence of a canal for the orbital muscles would
also appear to characterize only highly specialized types. It isfound
in forms in which much of the original cartilage persists, but in this
form only a rudiment of it is present, indicating its presence in the
ancestral forms of the Siluroids. Vrvolik! mensions a fact in con-
nection with the absence of the canal which veceives confirmation in
Anmdurns, namely, that when such is the case. the petrosum (prootic
is not pierced hy the facial und trigeminus (Gadus, Sihurus and
Lophius).

t Fralik.—Studicn uber die \'el'kln‘.(-l-or-lf.g oo Kuochen o5 Selvidels of. Telestei,  Niedon
and. Arch. f. Zool.—Bd. 1., 1873.
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Ax regards the various bones of the skull, they differ in no very
essential points from thuse of Silwras glenis, which have been de-
geribed in general tevins and for comparative purposes only by Vro-
lik.  All the bones usually fonnd in Teleostean crania are present
with the exceptions of the opisthotic. interealare, and parietals. The
principal features are the presence of a well-ossified and large mes-
ethmoid : the orbitosphenoid forming three sides of a canal for the
olfactorius. thereby separating widely the eyes and acting as an in-
terorbital sepruun ; the meeting of the prootics at the base of the
skull : and the absence of teeth in the vomer, a point of some im-
portance, since certain closely related forms are provided with vom-
erine teeth.

Certain points in the development ot the cranial bones merit a de-
tailed descripsion.  In a young Amdnras, about 20 mu. in length, it
was to be noticed that wherever a mucous canal appeared in trans-
verse section a ring of bone sirrounded and protected it. (P 1L, Fig.
‘8, ML), so that each of these canals in the craniam  was swrrounded
by an osseous tube. The bone wus apparently deposited in mem-
brane. and was evidently formed solely for the protection of the mu-
cous canal. In certain cases a bone, usually perforated for the emis-
sion of a hranch from the canal to a pore, became formed by a fateral
extension of this osseous tube into the adjacent connective tissue.
Instances of such bones are the infraorbital chain, the adnasals and
aasals.  The adnusals in veality, then, as was stated above, belong to
the same group as the bones of the infraorbital chain, and may be
‘described as the anterior ossicle of that chain, since it is formed in
the same mamer, and is traversed by the same caunal.  Sagemehl!
proposes to nae it the antorbital, but, since iss function is not only
0 protect the enclosed mucous canal but also to protect the nasal
Tegion to which it stands in the same relation as does the nasal, I
‘prefer the name employed.

In the majority of cases, however, the osseous tube does not remain
distinct but fuses with the subjacent bone, whether formed in mem-
brane or perichondrally. In the case of the frontals, for instance,
.the mucous canal bone unites with the underlying bone formed in
membrane, and in the sphenotic and pterotic (Fig. 8) a similar union
.occurs with the perichondral bone with which the ossification of the

1Sagemehl.—Beitrage zur vergl. Anat. der Fische. Das Cranium von Amnie Colve, L., Morph,
Jahrh. Bd. IX., 2nd Hest, 1583.
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cavtilage of those vegions commences.  As vegavds the former it must
be noted that there is apparently a portion (the thin ledge-like por-
tion overlapping the anterior portion of hyomandibular) which is
formed entirely by membrane. These two bones, then, are partly
formed perichondrally, and partly from bone originating in mem-
brane, and, accovdingly. objections to the pterotic being considered
equivalent to the other otic bones on account of its possessing a mu-
cous canal, are groundless, since the ptevotic and sphenotic ave in
reality cartilage hones for the protection of semi-circular canals, the
union of the membrane bone being secondary, and probably for the
purpose of increasing the strength of the protective tube of the mu-
cous canal. Schmid-Monnard' has veeently pointed out the part
played by the mucous canal in the formation of the pterotic, but does
not seem to have noticed it in the case of the sphenotic.

Sagemehl® also points out that the sphenotic postfrontal) and also
the prefrontal (ectethmoid) in Amia possess a membnranous clement.
but does not recognize in the sphenotic that the membrane hone
really belongs to the mucous canal.  As regards the ectethmoid in
Amaurns, it is truly perichondral, for the mucons canal which lies
above it does not unite with it. but is separated from it by connec-
tive tissue.

As regards the other bones, the prootics, epiotics, alisphenoids.
and basisphenoid, ave entirely perichondral in their formation ; the
supraoceipital is partly perichondral and partly formed from a super-
ficial plate of membrane bone, which unites with the subjacent
pevichondral ; the orbitosphenoid is mainly perichondral, but the
cartilaginous orbitosphenoids do not meet in the middle line, hut
leave a space at the base of the skull bridged over by membrane
continuous with the perichondrium, from which the wedian basal
portion of the hone is developed. The ex-occipital, too, is mainly

perichondral, the two ledges which roof in the sinus impar being °

however, membranous in their origin.

The basioccipital, however, presents several points for considers
tion in its development. In the young stage above mentioned, at
she median line at the base of the skull is the notochord, surrounded
with some osseous tissue apparvently developed from its sheath, as in
the vertebree. The lower angles of this ossification are continuous

1 Schinid-Monnw d.—Die Histogenese des Knochens der Teleostier,  Zeit. f. wiss Zool  Bd
XXXIX., 1883.
2L0c. cit.
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with a thiu layer of bone extending across and becoming continuous
with the outer perichondral layer of the exoceipital. This thin layer
forms the floor of the cavity for the sacenlus, and contains no cartil-
age, so that the basioccipital at this stage is destitute of cartilage,
and is composed of membrane bone in this (anterior) region.  More
posteriorly, however, behind the exit of the vaguns and behind the
cavity for the saceulus, the cartilage, continuous with that of the
exoccipital, comes down towards the middle line as far as the chorda,
which is still surrounded by bone.  In an older stage (about 38 mm.
in length) the cartilage present around the chorda and on the floor
of the cavity for the sacculus is very noticeuble.  Opposite the exit of
the glossopharyngeal, where no cartilage was to he seen in the
younwer stage, a lavge plate of it is present at floor of the sacculus-
fossa, bearing upon its upper (inner) surface a mass of trabecular
Yone representing the ossification around the uotochord in the
younger stage. So opposite the foramen for the vagus (wheve no
cartilage is present in the younger stage) the chorda has much
diminished in size, and cartilage is to be seen aut its sides below,
geparated from it by a layer of bone. Still more posteriorly the
cartilage has the same relations as in the younger stage.

It is thus seen that the older stage presents cartilage wheve in the
younger stage only bone is present, appavently reversing the fact
that the older the form the less the amount of cartilage present.
How is this to he explained? In the young stage the saceulus occu-
pies the place of the cartilage, being so large in comparison to the
Size of the skull that there is room only for a thin layer of bone at
the floor of the fossa, and a thin investment round the chorda.
‘Later, however, the cranium grows more rapidly than the auditory
éppzu‘atus, and then the cartilage always present posteriorly grows
forward, and, by the ossification of its perichondrium, contributes

' lalwely to the formation of the basioccipital.

The vomer and parasphenoid are formed in wmembrane and show
1o signs of teeth.

Objections have been made by certain German aushors to the
spplication of the terms probtic, epiotic, ete., to the bones developed
in the cartilaginous ear-capsule. Vrolik!' bases his objection to the
terms on the fact that other bones, for instance, the supra., ex-

1 Vrolik.—Studien tiber die Verknocherung u. 4. Knoehen aes Schadels der Teleostei. Nieder-
dandisches Archiv fur Zoologie, Bd. 1. 1873
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and Dbasioceipital, also enter into the protection of the auditory
apparatus, and that in Selino (the only instance apparently observed
by him) the epiotic does not contain the exterior semicireular canal.
The cartilage in which the occipital bones develop did not orviginally
form part of the auditory case, the passage of the semicireular canal
through the exoccipital and supraoceipital being secondary, as the
hollowing out of the basioccipital for the sacculus certainly is, so
that the naes applied to these parts more truly indicate their origin.
Parker’s paper on the skull of the salmon,! published later in the
same year, states that, contiary to Vrolik’s opinion. the epiotic does
arise in connection with a semicireular canal. and shows also that a
similar relation occwrs in the pterotic, sphenotic. and opisthotic.

In the Selaciiz the aunditory capsule is at first quite distinet from
the rest of the skull, with which it eventually tuses, and throughout
life remains without connection with the cranial cavity except by the
foramen for the wuditory nerve. It lies at the sides of the skull,
but does not extend back to the oceipital region. In young Teleosts
the cartilaginous capsule does not extend back as far as the occipital
region, lying still at the sides. Now all bones formed in this car-
tilaginous capsule are certainly entitled to be referved to the * otica ™
group. The antericr portion of this capsule is assitied as the prodtic
(petrosum), a tract of osteoblasts outside the ampulla of the anterior
semicircular canal gives origin to the spheuotic (postfrontal), the
pterotic (squamosal) arises over the ampulla and arch of the external
canal, the epiotic (occipital externum) over the arch of the posterior
camal, and the opisthotic (intercalare) over the ampulla of the same
canal.  All these bones lie in the region occupied by the cartilagin-
ous auditory capsule, all are mainly what may be called cartilage
bones,” and all hold a more or less definite relation to the included
auditory apparatus.

The terms prodtic, sphenatic, pterotic, epiolic and opisthotic, applied
sespectively o the bones known to German authors as the petrosum,
postfrontal, squamosal, occipilale externum, and interealare, are pre-
forable, as indicating the true velations of these ossificctions.

Sagemehl in his paper on Amic® makes many ingenious and

1W. K. Parker.—The structure and developinent of the skull in the Salmon. Phil. Traus.,

1873.
2 Gegenbaur's objections to the pterotic (Ub. das Kapfskelet von Alepocephalus rostratus
(Riss0). Morph. J~hirh, Bd. IV., suppl., 187§,) have been shown above to be groundless.

3 Ante cit.
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valuable suggestions. His paper coming to haud after the previous
deseviptive portion had been written, explains the homology ot the
cavity described as occurring in the upper swrfaces of the pterotic,
supraoccipital, and epiotic. He shows that a similar cavity, which
he terms the temporal cavity. occurs in Awmvic hetween the hones and
the primordial cartilage, is widely open behind, and contuins a por-
tion of the lateral musculature. In all probability the cavity in
Amaurus is a rudiment of this temporal cavity of Amie, the original
contents of which have vaunished, their place being taken by fat and
blood-vessels.

The same author suggests that the occipital segment of the Leleosts
has fused with it a certain number of vertebr. He bases his asser-
tions on the presence of such vertebrz, partially fused, in Awmaa,
Polypterus, Protopteris and Lepidosteus.  If such be the case, there
is no trace of such a coalescence in Amiurus. A uerve certainly
does pass out from the exoccipital behind the vagus, butin all its
relations it is a spinal nerve, passing through the arch of the pre-
ceding vertebra, as do the succeeding nerves. The oceipital segment
is certainly composed of many segments, one corresponding to each
branchial branch of the vagus and to the glossopharyngeal, but
beyond these there is no indication of any further segmnents in the
basioccipital of Amimrus.

II.-PALATO-QUADRATE AND MANDIBULAR APPARATUS.

Under this head will be included a description of the maxillary
and palatine apparatus, as well as of the chain of bones constituting
the first postoral arcade, or, according to views expressed elsewhere,!
she third cranial arcade, the trabecule cranii being considered as
represeating the fivst arch. and the palatine as the second.

1. Tue Prevaxinnz, (Pl IT., Fig. 1, Pma.)

Each is a small, somewhat arched bone, supporting five or six rows
of teeth. They meet in the middle line, but ave not united by suture,
The upper surface of each bone rests on the under surface of the
mesethmoid, and at the outer extremity each articulates with the
waxilla,

2. Tue Maxwiz, (PL IL, Fig. 1, M)

Depart very widely from the typical form. They are very much

elongated rods, projecting at right angles to the sides of the skull,

! Oa the Osteology and Development of Synguathus Peckianus(Storer). Quart. Journ, Micr.
3ci,, N. S, Vol. XXIII.. 1888.
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but are capable of considerable movement, so that they may lie almost
parallel to the longitudinal axis. At the base the bone forms a com-
plete sheath for the cartilage which supports the maxillary tentacle,
but this sheath is complete only for a short distance, the cartilage
lying in a groove in the posterior (inner) surface of the bone. At
the base are two processes, a smaller posterior dorsal and a larger
antevior ventral. The latter hasa fascia firmly attached to it in such
a way that, when the anterior extremity of the palatine is pushed
forward, it draws the same fascia, and by the tension thus produced
the maxilla is abducted or pushed away from the sides of the skull,
The bones possess no teeth. They have in relation to them the pre-
maacille in front and below ; the platines bHehind ; and the adnasals
on the inner side.

3. Tur Pavanyg, (PL 1L, Fig. 1, Pa)

Each palatine is a shovt, rod-shaped bone, extending antero-posteri-
orly, parallel with the long axis of the skull. The anterior extrem-
ity abuts upon the maxilla, and the posterior lies in front and out-
side of No. 4, and below the antorbital process of the ectethmoid.

4. (PL II, Figs. 1 & 4).

This is 2 small almost round scale-like bone, lying behind and
within the posterior extremity of the palatine. It is developed in
the fascin of the anterior fibres of the adductor arcéis palating muscle,
and cannot be referred to the pterygoid series of bones. - In a speci-
men of the very closely related Admiwrus nigricans, (LeS) Gill, it was
quite absent.

5. Merarrervcolp, (Pl IL, Fig. 1, Mpt.)

Is an almost square bone, lying directly behind No. 4. It is flat-
tened, and its upper posterior border is somewhat concave, aiding in
the formation of the notch for the passage of the trigeminus to the
superficial muscles. The anterior superior angle is attached by liga-
ment to the orbitesphenoids. The bone articulates in front with
No. +4; behind with the hyomandibular, and below with the quad-

rate.
6. Tue QuaDRATE, (PL 1., Fig. 1, Qu.)
Furnishes the articular swrface for the mandible. It is triangular

in shape, thicker behind and below, the upper portion being squa
mose. In a deep fossa, on the upper and posterior portion of the
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bone, lies the cartilaginous sumplectic, in a perfectly dried skull, the
fossa being empty and an interspace occurring between the quad-
rate and the hyomandibular. The posterior border of the quadrate
is contained in a groove on the preoperciclum ; behind and above it
articulates with the hyomandibular ; and above and in front with the
metapterygoid.

7. Tue MaxpisLe, (Pl IL, Fig. 1, Wn.)

Consists of two portions, one on either side, united in the median
line in front by ligament. Iach portion again consists of four parts.
These ave as follows :—

(@) The dentary, constituting the anterior two-thirds of the bone
and bearing numerons teeth. It is broader in front than behind, the
teeth being arranged correspondingly, there being 5-6 rows anteriorly,
tapering off to two rows posteriorly. The bone increases in height
posteriorly, and is grooved on the inner surface for the reception of
Meckel's cartilage and the articulare. The under surface presents
six pores, openings for branches of the mucous canal which runs
in this portion of the bone.

(0) The articulare forming the posterior high portion of the bone,
and presenting the articular surface for the quadrate. Tt encloses
Meckel'’s cartilage posteriorly.

(¢) Meckel's cartilage, the remains of the primordial cartilaginous
mandible. Tt consists of a rod of cartilage lying on the inner sur-
faces of the dentary and articulare, its posterior portion being in-
cluded within the latter.

(d) The a..gulare, fused completely with the articulare, being
merely indicated as a small triangular nodule below the articular
surface.

The great size of the intermaxillaries and the limitation of the
teeth to them, as far as concerns the upper jaw, are points worthy
of mnotice. This is, of course, due to the specialization of the
maxillee for another purpose ; with the decrease in size of the lat-

ter was an increase of the former. The intermaxille belong to that
‘class of hones which are formed by the fusion of cement-plates of
‘teeth. At first they are represented by a thin lamella of bone-bear-
ing teeth, but by means of osteoblasts the ossification extends into
the superjacent tissue in the form of trabeculee which are, in their
histological details, similar to the cement plates.
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The maxiilo: ave specialized for the support of the long maxillary
tentacles. Instead of developing parallel to the axis of the skull.
they extend outwards at right angles to it. their antero-posterior
extent being very much diminished. They have, in fact, lost all
the usual relations to the gape. That they do not possess teeth
is not remarkable, since even in /fso» they are toothless, though
probably their origin was similar to that of the intermaxillwe, 4.
the union of cement plates. The fact of their being moved by a
special muscle lying below the addictor mandibule, instead of by the
upper laver of that muscle, and also their relation to a nerve aris-
ing from the trigeminus before its division into the superior and
inferior branches, which seemed to indicate for them an angular
nature, gave vise to a passing idea that they might not really be
homologous with the maxille of other Teleosts, and I was inclined
for a time to compare them to the supramaxillaries described by
Gegenbaur as occurring in Alepocephalus and Clupea'.  These pecu-
liarities, however, do not properly belong to the bones but to the
tentacle. and, since the relations of the hones are the same as those
of the maxillee of other Teleosts, and their mode of development
similar, there seem to be no reasons for departing from the usual
idea that they ave homologous with the maxillee of other osseous
flshes.

The palatine bears no teeth. The first trace of bone is formed by
the perichondral investment of the ethmo-palatine cartilage, chis
osseous layer having similar histological characters to the cement
plates, there heirg evidently a close relation hetween these two
forms of hone.

The true pterygoids are all so-called cartilage bones, and therefore
the bone described as No. 4 cannot belong to the series. Its true
relations have already been indicated. The presence of only one
pterygoid is, however, a peculiar feature. In the youngest stage
which T was able to study. ossification had just commenced, and by
means of sections® it was seen that the anterior portion of the
metapterygoid contained no cartilage. there heing tims, apparently.
an interval between the anterior extremity of the pterygo-quadrate

1 Loc. cit.

2 I must testify to the good results obtained by the use of asaturated watery solution of Ris-
marck Brown. Not only are cartilage and bone admirably differentiated, but also muscle,
nerve, glandular tissue, etc.
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and the posterior extremity of the ethmo-palatine cartilages. Whether
this is really so wy specimens do not allow of absolute certainty, but
make it a strong probabilivy. Somewhat further back the cartilage
is seen and may be traced unbroken back to the quadrate. The
metapterygoid of Amsurus combines to a certain extent the relations
of the ectopterygoid and entopterygoid, as well as that of the metap-
terygoid of other Teleosts, but, since it is in direct relation to the
quadrate, and performs the usual function of a buttress to the hyom-
andibular, I have preferred the last named term for it.

The devclopment of the dentary suggests some important thoughts.
In a 20 mm. stage, (Fig. ) Meckel's cavtilage Mck) is present inits
entirety. On its upper swrfuce is 2 layer of vooth-bearing bone, in
which the individual cement plates (¢p) are still to a large extent ve-
cognizable. At vhe sides and below is a layer of perichondral bone
(c), the cement plate bone passing into it without any line of demar-
cation. In fact both varieties are identical, not only in their histolo-
gical features, but also in their origin. Below the cartilage is a
mucous canal (#C) enclosed in its osseous tube, which is united with
the perichondral bone ot the lower surface. In a 38 mm. stage the
cartilage has almost disappeaxed, its place being occupied by trabecu-
1 of bone, osteoblasts lying in the interspaces. The wmucous hone
has become quite united with these trabecul®, and it is impossible to
distinguish it. 'We have then in the dentary portion of the man-
dible what may be termed three different varieties of bone—cement-
bone, perichondral-bone (with which may be included the trabecul:),
ahd mucous-canal bone. All three, however, pass into each other,
and are indistingnishable in structure and origin. The old division
into primary and secondary ossification shonld be done away with
since hoth varieties are in reality similar.

HE—THE HYOMANDIBULAR, HYOID, AND OPERCULAR
APPARATUS.
 The Lones constituting these parts belong to a single arch, the
st‘%cond post-oral. and are in relation to the seventh nerve.

1. Toe Hvomaxpisuraw, (Pl IL. Fig. 1, Hmnd.)

~Isa large almost quadrate bone. forming the upper part of the
arch. It articulates above by a somewhat arched surface with the
sphonotic and pterotie, and from the anterior angle of this surface a
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process passes forward and upward to touch upon the alisphenoid.
Upon the inner surface of the bone, not far from the base of this
process, is a foramen leading into a canal which traverses the
hyomandibular from above downwards and backwards, opening on its
posterior surface a little above the posterior inferior angle. This
canal contains the R. hyoideo-mandibnlaris facialis.  On the outer
surface is a flattened ridge overlying this canal, immediately behind
which is the articular knob for the operculum, and extending forward
at right angle to it is a ridge for the attachmentof muscles. The
hyomandibular articulates above with the pterotic, sphenotic, and
alisphenoid ; in front with the metapterygoid, and slightly with the
guadrate ; helow with the symplectic cartilage and the preopercochim ;
and behind with the opercilum,

2. THE SYMPLECTIC

Element does not appear to ossify. It is represented by a cartilage
contained partly within the hyomandibular and partly within the
guadrate, and filling up the space hetween these two hones.

3. Tue Hvyoip

May he described as consisting of five portions, as follows :—

(@) The nterhyal is represented by a small knob at the extremity
of the arch which is connected by ligament to the inter- and preoper-
culum, the hyoid thus being tixed at its upper extremities without
articulation with the symplectic.

(b) The epihyal is the upper triangular portion of the arch,
separated from the succeeding portion by a deep notch ahove and
below, and by a usually well marked articuiation.

(¢) The ceratohyal is the longest portion of the arch; broad and
flat above, it becomes contracted towards its anterior extremity and
again expands for articulation with the hypohyals. Both the cerato-
hyal and epihyal bear branchiostegal rays on their lower borders.

(o) The hypohyl is united with its fellow of the opposite side by
lizament. The bone so denominated in 4 miwrns is not simple, but has
usually connected with it one or two accessory nodular bones, the
number trequently varying on opposite sides in the same individual

(¢) The wrofyal is an impair bone extending back from the junc
tion of the hypohyals. Anteriorly it is partly divided into two
rounded portions, from the extremities of each of which a ligament
passes forward wniting it to the hypohyal. Behind is a thin flattened

~4a
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plate, bearing on its upper surface a high longitudinal keel which
bifurcates anteriorly, each division continuing its way upon the
anterior round portion, diminishing as it passes forward. Upon the
upper surface of the flattened portion, and separated from euach other
by the median keel, are the two hyo-clarienlar muscles.

4. TiE BRANCHIOSTEGAL Ravs,

According to Jordan', the typical number of branchiostegal rays
for Admiwrus is nine, varying, however, from eight to cleven. The
variation seems to occur even individuals, there being, for instance,

" sometimes nine on one side and eight on the other.  In Admiurus catus
the usual number was eight. They arise from the postericr (inferior)
borders of the epihyals and ceratohyals, which possess notches for
their avticulation. The inner ones are short and rounded, but the
outer (superior) ones are more or less flattened, the last two being
quite flat and applied to the under surface of the operculum. In
fact T would prefer to stase the number of the rays at seven, consider-
ing the upper one as the suboperculum,

5. Tue Preoereuney (Pl 1L, Fig. 1, PrOp.)

Is more or less tirmly united with the hyomandibular and quad-
rate. It is broader at the lower part than above, and is grooved on
its anterior border for the reception of the lower part of the
hyomandibular, the symplectic, and the quadrate. It is a continua-
tion of the longitudinal flattened ridge of the hyomandibular and
contains & mucous-canal, foramina upon its surface being for the
exit of branches to the pores. Behind and below it rests upon the
opercvlum and wnteroperciulium.

6. Tue Overcunun (PL 1L, Fig. 1, Up.)
"~ Is a triangular scale-like bone, articulating with the knob on the
hyomandibular. Its apex is in relation to the enteroprrculam.

7. Tue Interorercurux (Pl IL., Fig. 1, {0p.)

Is a short, stout bone. lying between the apex of the operculum
and the postevior extremity of the mandible, with which it is united

L Jordan.—Manual of N. Amer. Vortebrates, Chicago, 1876,
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by ligament. It is also firmly united hy ligament to the upper por-
tion of the epihyal.

8. THE SUBOPERCULUM,
As above indicated, is seen in the uppermost branchivstegal ray,

which occupies exactly the position of the suboperculum in other
Teleosts.

The large anterior extension of the hyomandibular. whercby the
metapterygoid is thrust forwards, is a characteristic feature. On
examining a young stage it is seen that this extension is not an
ossification originally represented by cartilage, but is a growth for-
wards of the perichondral bone of the hyomandibular cartilage into
the membrane lying in front. This appears to have been originally
due to the relations of the R. hyoideo-mandibularis . facialis, the
growth being later on carried still more forwards for the attachment
of muscles. This has resulted in the hyomandibular usurping the
position of the metapterygoid. and its functions as regards the origin
of the muwse. adductor mandibulwe, the longitudinal ridge usually
heing in the metapterygoid.

The relations and origin of the opercular bones at one time aroused
much discussion ; some light is apparently thrown upon these points
by Amiurus, but, before enunciating any theory, it may be well to
state briefly the ideas of earlier authors. '

The earlier writers, such as Geoffroy Saint-Hilaire and Spix, were
inclined to consider the opercular hones as comparable to the anditory
ossicles of the mammalia. Thus the former terms the preoperculum,
the ‘tympanal,’ the operculum, the ‘stapéal,’ the suboperculum,
the ‘malléal’ and the interoperculum, the ¢inceal; while, accord-
ing to Spix, the same bones are respectively, leaving out the subo-
perculum, the ¢marteauw,’ the ‘enclume,’ and the ¢ étrier. Cuvier
denies these relationships, saying ¢ plus on examinera les pidces
operculaires, plus on se convainera yue ni leurs conmexions entre
elles et avec les autres os, ni les muscles qui les mettent en mouve-
ment, ne présentent le moindre rapport avec les osselets dont il
s’agit.” Neither deBlainville or Agassiz believed in the auditory
theory. the former believing the opercular bones to helong to the

¥ Cuvier et Valenciennes.—Hiat. nat. des Poissons. Pans, 189,
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subcutaneous system, and the latter to the system of the branchios.
tegal rays. Hollard! sums up his observations thus, ““ En d’autres
termes et pour nous résumer, il résulte pour nous de cette étude que
le battant operculaire des Poissons se divise, quant & sa signification
anatomique, entre le squelette normal et un squelette supplémentaire
et cutané ; que l'interopercule appartient au premier, comme naissant
-et se développant dans le premier arc viseéral ; qu’il occupe la méme
place que l'enclume des mammiféres; qu'enfin Popercule et le sous-
opercule, loin de lui faire suite, loin de pouvoir &tre assimilés aux
autres osselets de 'ouie ou A vrais appendices, sortent des limites du
névro-squelette, non, comme le voulait Cuvier, & titre de piéces suns
analogues nais en se rattachant an développement si général et si
considérable des expansions tégumentaires des Poissons.” Owen®
“does not commit himself detinitely either way, considering them
merely appendages to the * tympano-mandibular arch.” but however
implies a certain amount of credence in the auditory theory, by
referring them to the mandibular vather than to the hyoid arcade.
Lastly, Gegenbaw® suggests that the interoperculum was originally
a part, not of the hyoid skeleton, but of the mandibular.

It is now a vecognized fact that the homologues of the auditory os-
sicles are not to he looked for in the opercular bones. and we have
remaining the theories that they are a subcutaneous system, a part of
the branchiostegal system, and that the interoperculum is a part of
the mandibular arcade. In Amsurus they seem to belong to the
branchiostegal system, with the exception of the preoperculum. This
is formed round a mucous canal, and is one of what may be called
the mucous canal series, to which also the infraorbital ossicles belong.
Functionally it is not one of the opercular bones but protects the in-
cluded mucous canal. The suboperculum is properly a bone lying
below the lower edge of the operculum. This is the position it holds
Esox, also in Selmo, but in the latter case it is increased in size, and
projects largely from under the operculum. In both these forms
also it lies on the inner side of the interoperculum. In Admduras,
what is usually considered the upper branchiostegal ray bears exactly
the same relations. Shortly behind its atvachment to the epihyal,

1 Hollard.- De la signification de Vappareil operenlaire des Poissons.  Ann. des Sei. Nat.»
1864.

" 3 Owen.—On the anatomy of the vertebrates. Vol. 1., London, 1866.

2 Lec. it
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it lies ou the inner surface of the interoperculum, and its outer por-
tion lies below and slightly behind the operculum.  Accordingly as
above stated, it may be considered as equivalent to the suboperculum
of other Teleosts.  ‘The operculum and interoperculum seem to have
been originally a single ray, which dividing transversely, gave rise to
the two bones. They are directly in apposition in Amiwnrus, the lower
extremity of the opereulwin being of the same size as the upper (pos-
terior) extremity of the interoperculum.  With regard to the attach-
ment of the latter to the articulare, it may be stated that it is just as
firmly attached to the epihval, which, however, it overlaps, and it is
possible that it may, as Gegenbanr suggests, be the only remaining
ray of the mandibular arch.  However, be that as it may, it is evi-
dently an appendage of a visceral arch. and as such, is homologous
with a branchiostegal ray.

My conclusions as to the homologies of the opercular bones are as
follows : —Zhe preoperculum is developed around a mucous canal and
does not belong to the swme category as the other bones.  The suboper-
culum ts a modified branchiostegal ray, and the operculum and tnter-
operculune correspond to another ray which has hecome divided
transversely.

1V.—THE BRANCHIAL APPARATUR,

This consists of five arches, each arch consisting of a number of
bones, the upper portion of each being bent at an acute angle, so as
to lie in a plane almost parallel to that of the lower portion. In
other words, the lower portions of the arches lie on the floor of the
pharynx, the upper portion in its voof. Tn a typical arch five por-
tions are present. Below in the middle line, extending between the
arch and its successor, is an impair bone, the copula. Opposite the
anterior end of the copula is a usually short portion —the Lypobran-
chinld, on the outer side of which lies the ceratobranchial, usually the
largest of the hranchial elements. Between the last-named portion
and its successor. the apibranchial, the bend occurs, so that the ex-
tremity of the arch, formed by a usually small pharyngo-hranchial,
lies near the median line of the voof of the pharynx.

In Awminres (PL I1. Fig. 3) all the arches do not possess the typi-
cal number of bones. Only two copula are present, i. e., those be-
tween the Ist and 2nd (ep;), and 2nd and 3rd arches (¢p.) ; between
the 3rd and 4th o cartilage (cps,) is present, with the posterior ex-
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tremity of which the ceratobranchial of the 5th arch articulates, and
which probably represents the conjoined copula of the 3rd and 4th
and 4th and 5th arches. Similarly osseous hypobranchials are not
present in all the arches  The Ist and 2nd possess them (Hhr and
Hbr) in the form of their round bones, but in the 3rd and 4th
{Hbr, and Abr,) they remain cartilaginous, and in the 5th appear to
be wanting. Ceratobranchials (C'bry ;v are present in all the arches ;
they ave long slightly curved bones. grooved on the under surface
for the reception of the branchial vessels and nerves, and carry the
majority of the gill-leaflets. The ceratohyal of the 5th avch (Chry)
however, departs from the normal type. It is flattened from side to
side, is not grooved below, has no branchial leatlets, but bears on its
upper edge an oval plate of bone possessing a large number of teeth ;
this is uswally known as the hypophuryngeol (PLI).  The cpibran-
chials (Fig. 4, £br ) also bear gill-leuflets to a certain extent, at least
‘those of the 1st and 2nd arches do. These resemble slightly the
ceratobranchials, but do not possess so deep a groove on the under
surface, being flattened. From near the middle of the posterior
border of the 3rd epibranchial a strong process (pro) passes back-
wards, inwards and upwards, serving for the attachment of muscles.
The 4¢h epibranchial (£6r,) is very broad towards its inner extremi-
ties, while the 5th is wanting. The pharyngobranchials are rudimen-
tary also. The lst is wanting or represented only by cartilage ; the
. 2nd (Pbr,) acts as a copula between 2nd and 3vd epibranchials ; the
3rd (Pbry) has a similar relation to the 3rd and £fth epibranchials ;
while the 4th and 5th are wanting. Thus none of the elements of
the upper moiety of the 3th arch are present. Lyiug on the under
surface, and attached to the 3vd pharyngobranchial and the inner ex-
tremities of the 3rd and 4th epibranchials, is a round vsseous disc
bearing numerous teeth—the epipharynged/ (PhS).  To the anterior
«edges of the cerato- and epibranchial, and to both the anterior and
pusterior edges of some, are attached a number of small rays equiva-
lent to the branchiostegal rays of the hyoid arch. These ave readily
removed from the arches along with the soft parts.

The only points to be noticed here in connection with the branchial
arches are the relations of the epi- and hypopharyngeals. These
‘bones are not inherent parts of the branchial arches. as is frequently
supposed, but have become secondarily united to them. This is indi-
«cated by the fact that they do not belong to the same arches; the
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hypopharyngeal being attached to the 5th arch. while the epipharyn-
weal is in relation to the 3vd and 4th arches. A stronger proof of
this fact, however, is afforded by a study of the development of these
bones. They are then seen to be originally quite distinet from the
adjacent cartilaginous branchial arches, and to be formed by the
union of the cement-plates of the teeth which they bear, and by a
subsequent formation of osseous trabecula by osteoblasts. Their
morphological significance is not hard to determine. They represent
the remains of the dermal denticles which originally lined the mucous
membrane of the buccal and branchial cavities, and which are still
to be seen in those situations in certain Selaclii'.

V.—THE SPINAL COLUMN.

With regard to this porvion of the skeleton, the greatest interest
centres round the first four vertebrze and their arches, which have
become very much modified in accordance with the development of
a series of ossicles within the auditory apparatus and the air-bladder.
These anterior vertebree being thus intimately connected with the
auditory sense-organ, will, with greater appropriateness be described
in detail in the portion of this work, by Professor Wright, referring
to that structure. It will be necessary, however, to denote here
briefly the modifications undergone. The body of the sirst vertebre
is fully formed, but its transverse processes are rudimentary, while
its dorsal arch forms the stupes of either side, and w pair of inter-
craral cartilages present in front of it, are converted into the claus-
tra. The body of the second wvertebra has entirely disappeared, and
become fused with the third, the fusion being indicated by two
nutritive foramina at the base of the conjoined vertebra.  Lts trans-
verse process is wanting, and its dorsal arch becomes converted into
the rudimentary incus. The body of the third fuses with the second
and fourth ; its dorsal arch is normal, and its spine is represented by
the anteriorly directed process, which, arising from the broad flat
plate mentioned below, extends forwards and articulates with the
supraoccipital and exoccipitals ; and its transverse process is trans-
formed into the nmuelleus. The fowrth vertebra is fused with the third
and fifth ; its transverse process is the broad plate extending out on
either side in this region, and its dorsal arch is the backwardly pro-

1 0. Hertwig Ueber das Zahnsystem der Amphibien. Arch. wr mikr. Anat. Bd. X1. supple-
ment 1874, See also Jenaische Z«its-h, BA, VIIL, 1874,
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jecting proeess from that plate. The fifth is of the normal type, all
its parts being present, but its body is united anteriorly with that of
the fourth. The hodies of the 2nd-3th arve deeply crooved below for
the reception of the aorta.

The hodies of the succeeding vertelnwe as far back as the com-
inencement of the tail fin are all similar in appearance.  They are
of the usual piscine amphicelous type, but they are very much
flattened at the centre of their length from above downwards, and a
strong longitudinal ridge extends along the lateval surface of each,
increasing the appearance of flattening. In the adult the bodies, as
well as the arches, are thoroughly ossitied, no notachord remaining
in the centre of the bodies. In a stuge incomypletely ossified it may
be seen that the notachord is contracted very much vertebrally, ex-
panding rather suddenly as one approaches either extremity of the
body, and resuming its full uncontracted size. The lateral ridge
seems to be formed by an extension of the ossification into the adher-
ent connective tissue along the lateral line of the column. On the
upper and lower surfaces of each centrum, on either side of the
middle line, is a ridge, so that viewed laterally the vertebra do not
appear extraovdinarily flattened. Posteriorly in each vertebra, i.».,
hetween the attachment of successive arches, these ridges increase in
height. thus forming a protection for the spinal cord or aorta hetween
the arches.

The arches are completely ossified, and are tivmly anchylosed with
the bodies. They unite with the anterior portions of the bodies

"above and below, enclosing in either case the spinal cord or the
aorta.  In the more anterior dorsal arches the anterior elevations of
ithe dorsal longitudinal ridges of the centra articulate with the
posterior border of the preceding arches, but posteriorly no such
tarticulations obtain. All the dorsal arches, and the hmemal arches
'also in the tail region, are surmounted with long backwardly dirvected
“spinous pracesses ; those of the 5th-9th dorsal vertebra inclusive being
+bifid for the reception of the interspinalia of the dorsal fin. The
majority of the vertebrze of the trunk region have their lower
arches projecting at right angles from the centrum. forming the
stransverse processes ; with the 6th-14th of these ribs (ossifications of
‘“intermuscular septa) articulate, the upper surfaces of their proximal
‘portions being in contact with the under surface of the distal ex-
tremities of the transverse processes. The last two vertebrae of the
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trunk hear no ribs.  The hiemal avches of the last extend almost
directly downwards, parallel to each other, and are connected abhout
the middle of their length by a transverse bridge, above which runs
the aorta. The first tail vertebra has the havmal arches firmly united
below, but somewhat broadened so as to separate, as it were, the
trunk and tail regions. The remaining hiemal arches are exactly
similar in appearance to the neural arches of their vertebre, possess-
ing long spinous processes, certain of which assist in supporting the
interspinalia of the anal fin.  Theve is then in Amiurus a gradual
passage from the transverse processes of the trunk region to the
hiemal arches of the tail. and thus a strong argument in opposition
to the view that the hwmal avches of the tail represent the trans
verse processes plus the ribs of the trunk.

The typical features are present in all the vertebrwe posteriorly
until one comes to the region of the caudael fin (PL. IL, fig. 5). Here
some modifications oceur.  The neural and hamal processes of the
sixth vertebra (counting from the tail) are the first that are in rela-
tion to the caudal fin rays. They do not, however, sutier any modi-
fication, and are firmly coalesced with the centrum. So with the
arches of the fifth. The spinous process of the lower arch of the
fourth (7,) is somewhat expanded, and that of the third (/7) still
more so, while that of the second (H,) forms a very broad plate,
from the anterior border of which a thin plate extends to the poste-
rior edge of the third arch. The dorsal arches (&V;,) of these
vertebrie present no modifications.

The last vertebra is, however, specially interesting. Its upper
arches, instead of projecting upwards and backwards, are directly
perpendicular to the axis of their centrum. The spinous process
(&) is not coalesced with their upper extremities, but forms a dis-
uinct piece connected with them by ligament. The lower arch (/1))
is fused with a small lateral process projecting from the lower portion
of the body, and expands to a broad plate in apposition with the
preceding and succeeding arch. The body is somewhat modifieq also.
wanting the lateral longitudinal ridge and the foss@ above and below
it, so characteristic of the other vertebre.

The notochord extends upwardly and backwards from the last
vertebra almost at an angle of 45°. No further trace of centra are
to be perceived nor of dorsal arches, but the presence of several
coalesced vertebrz in this terminal filament seems to be indicated by
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the presence of several havmal avches.  Of these there ave in all six,
the four lying immediately helow the terminal filament of the noto-
chord being separated from the other two by a distinet interval, cor-
responding to the longitudinal axis of the hody. The lowest (4)
(i.e., the one posterior to that of the lust vertebral centrum) is fused
with the posterior inferior portion of the last vertebral centrum. and
bears at its base a slight lateral ridge. It expands very much towards
its extremity, being the broadest of all these fin-beaving arches,
The next four (B, ¢, D & £) arise from the posterior surface of the
last centrum, being fused with it. They are triangular in shape,
expanding posteriorly, and diminishing in size from below upwards.
The last (#) (i.e., that inmediately below the notochord) is small,
and partly enclosed by the lateral bones enclosing the notochord. It
seems to avise from these structures near their base.

We have thus six haamal arches which ave well developed, and
specianlly moditied for the purpose of supporting the rays * the
caudal fin, the centra and upper arches corresponding to them having
become aborted, or perhaps the centra ave represented hy the last
body, several having fused to form it. Lotz' has investigated the
‘structure of these vertebrae in Cyprinoids and other fishes, and in
the former there appears to be an arrangement very similar to that
of Amiurus. The specinlization however does not seem to have pro-
gressed quite so far.  In Burbus the third or second vertebra bears
two dorsal arches. The spinous process of the last dorsal arch is
similar to that of Amiurus, Lotz naming the free spinous process a
-“falsche Dorn,’ believing it to be either a part of the true spinous
process or a free fin-bearver. I prefer the former hypothesis. The
three lower arches, which have no distinct vertebrwre, ave fused with
the last centrum, as in Aminrus, but the upper four are independent.
It would appear from this that the last vertehral centrum really
consists of three fused centra, those of the four upper haemad arches
having become aborted, the fusion of these arches with the last
centrum in Amiwrus being secondary. All these lower arches are
tipped with cartilage, but there are no intervening cartilaginous
pieces as in Barbus.

" Extending back from the posterior superior angles of the last cen-
3ram on either side of the notochord filament are two bones (V8)

1 Letz.—Ucber den Bau der Schwanzwirbelsanle der Salmoniden, Cyprinoiden, Percoiden
- and Cataphracten. Zeit. f. wiss. Zool, N1V., 1563
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fused with the centrumi helow and protecting the terminal filament,
Lotz terms these the ¢ grosse Deckstiicke,” and believes them to he
* Bogenstiicke des letzten Wirbels” With this homology I cannot
agrec. for two reasons.  Firstly, the spinal chord does not stand iy
the same relation to these bones as to the arches of the other verte
bree ; it does not pass between them but lies in front (above) them
in the groove which they form ; posteviorly the rudiment of the ner-
vous tract is pavtly enclosed, but this arises from the upward growth of
the bone posteriorly, and does not correspond to a passage between
two arches.  Secondly, these bones are not preformed in cartilage, as
sheir development shows, but are formed in membrane, thus belong-
ing to a different category to the arches, which are all preformed in
cartilage.  These two facts appear to me to dispose of the  Bogens-
tiicke’ theory, and the question arises as to what is their true homo
logy. They seem to correspond both in development and relations to
the dorsal longitudinal ridges of the vertebra. Thev are divect con-
tinuations of these vidges which protect but do not surround the cen-
tral nervous system, and wre developed Ly an ossification of mem.
bhrane.

To recapitulate, then. the homnologies of the moditied ventral parts
of these postevior vertebvw : Lhe firee spinons process of the second
vertelir is the true spinous process of the arch of that centrum. The
last centrum consists of three coclesced vertehrea, the upper arches o
which have disappeared.  The four succeeding centre and their upper
arches hare become horted, leaving only the heemal arches to represent
them. The protecting bones on either side of the terminal filument of
the chorda are continuations of the dorsel longitudinal ridges of th
vertehree. and have no relations with the arches.

VI.—THE DORSAL FIN.

The dorsal fin adheres, to a certain extent, to the type of the im-
paired fins, consisting of fin-rays ossified in membrane, supported by
interspinalia, which are preformed in cartilage, but the anterior rays
and their interspinalia are modified for the formation of an organ of
defence capable of fixation in an crected condition.

Anteriorly there is » small ossification lying in front of the large
plate for the support of the defensive spine, united to it by ligament
only and situated iminediately below the skin. The plate with

e m\ v
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which it articulates extends backwards as far as the posterior surface
of the defensive ray, which it supports. It is of a triangular shape,
broader behind than in front, and perforated by three fovamina. The
two anterior are small, and situated one on either side of the middle
line, giving passage to the muscles which erect the small modified ray
" lying in front of the defensive spine. The third is large, but is
divided into two parts by the extremity of the interspinal which sup-
ports the small modified ray just mentioned.

 Thisis shaped like an inverted U or a horse-shoe, and rests astride
of the extremity of the corresponding interspinal, the two limbs
passing down on either side through the large posterior foramen.
“When erected 1t slides down over the anterior surface of the inter-
gpinal, and the limbs then come into apposition with the preceding
expanded interspinal, so that it cannot be depressed until it is drawn
upwards again to its original position. The fixation is due to this
arrangement, the defensive ray being attached by a strong ligamen-
tous band to the extremity of this modified ray. The interspinal of
this horse-shoe ray is partly enclosed by the backwardly projecting
and strong spinous process of the fourth vertebra, and additional
strength is given by its union, by means of a thin osseous plate, to the
succeeding interspinal.  Its extremity is smooth and is divided by a
slight transverse ridge into two: parts, the posterior of which is a
continuation of the osseous plate between it and the succeeding inter-
spinal, originally formed in membrane, and, secondarily, united to the
bone developed round the cartilaginous interspinal.

The succeeding ray is the defensive one. It is completely osseous,
slightly curved, and terminates in a sharp point. Its base is ex-
panded and presents three processes—two lateral, which rest on
either side on the horizontal plate alveady deseribed, and a ventral
one which fits into a slight depression immediately behind the extrem-
ity of the interspinal of the preceding ray. Immediately above this
ventral process is a perforation, which, when the ray is erected, re-
ceives the extremity of the preceding interspinal, and above this per-
foration is a rough surface for the attachment of the ligament by
which the ray is united to the preceding one. The interspinal cor-
regponding to this ray is situated in the cleft extremity of the spin-
ous process of the fifth vertebra, and is united with the preceding

interspinal by the thin plate already described ; above it expands
29
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and unites with the horizontal plate forming the surface on - which
the lateral processes of its ray vests.

The suceeeding rays and their interspinalia are not modified. The
latter, five in number, lie below in the cleft extremities of the spinous
processes of the 6th-10th vertebrie. The vays are slightly expanded
and osseous below, but towards the extremitics are horny, tians.
versely striated, and branch dichotomously.

A study of the development of these bones throws light on their
homologies. The horizontal plate which supports the defensive ray,
and the anterior prolongation of it, are formed in membrane (Fig. 10,
hp). The small ossicle lying in front of it is represented at an early
stage by a rod of cartilage, (Zsp.1), lying almost in the longitudinal
axis of the body. The small nishaped bone is also developed in
membrane, the bone on which it rests being partly formed in cartil-
age, (Isp.2) and partly (¢.e., the posterior part) in membrane. The
defensive ray and its successors are formed in membrane, and its
interspinal (Zsp.3) and its successors are preformed in cartilage. These,
then, being the facts, one must refer all those bones which are pre
formed in cartilage to the category of interspinals, and all those
formed in membrane to that of rays. Accordingly, the anterior
bone, which is united by ligament to the horizontal supporting plate,
is the first interspinal, which early (even while completely cartilagin-
ous) has lost its typical position, and the horizontal supporting plate.
the anterior portion of it at any rate, is to be considered the ray
corresponding to it. The interspinal enclosed within the strong
fourth spinous process is then the 2nd, the small ossicle which i
supports being the 2nd ray. This second interspinal has a certain
amount of membrane united to it ; the lateral flanges which give a
point d'appui for the limbs of the 2nd ray, the thin plate uniting it
with the 3rd interspinal, and the portion of its extremity behind the
slight groove (in reality & continuation of the thin plate), being of
this nature. The third interspinal is also formed partly of cartilage
and partly of membrane-bone, the portion of the horizontal plate in
which the 3rd ray rests probably belonging to the membranous por-
tion of the 3vd interspinal, which has coalesced with the modified 1st
ray.
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The parts of the dovsal fin may be tabulated as follows :—

Ist Interspinal .......... Ossicle in front of horizontal plate.
Ist Ray ......oovvnvennn Anterior part of horizontal plate.
2nd Interspinal .......... Only slightly modified.

ond Ray .......... e The N-shaped bone.

Slightly modified ; upper portion forms
the broad surface for support of 3rd ray.
Srd Ray ....ooovvniinnns The defensive spine.

! 3rd Interspinal ........

The succeeding interspinalia and rays are normal.

VII.—THE ANAT FIN.

The anal fin is constructed on the normal type, consisting of 21-22
Tays. osseous at the base, but horny a slight distance outward. The
interspinalin are completely osscous, and are not quite regulav in
‘their arrangement to the hwmul processes of the vertebrw, two
interspinalia occurring at ivregular intervals in the space between
two processes.

VIII.—THE CAUDAL FIN.

The caudal fin is also norinal.  The rays here are also osseous at
#he base. Those in the centre are shorter than those above and
Jbelow, and a few short rays run forwards a short distance above and
soelew upon the body.

The adipose fin, containing no osseous skeleton, belongs more pro-
perly to the tegumentary systemw.

IN.—THE PECTORAL ARCH AND FIN.

The pectoral arch in Amiwrus has undergone much modification,
&nd has many points of difference from the arches of such forms as
Salmo and Esox. It consists of two principal divisions, termed by
QGegenbaur the primary and secondary showlder-girdles. In the
g;najority of the Teleosts the latter is much the larger, the former
forming as it were a mere appendage to it. In Amiurus this is not
gxactly the case, for the primary girdle, or at any rate an extension
of it, forms a large part of the pectoral arch. All parts of the arch
Jgre completely ossified, and considerable modifications are present in
relation to the peculiar articulation of the fin ray.

. The secondary shoulder-girdle consists of two pieces. The upper
-or supraclavicule (Fig, 1 SC?) is a T-shaped bone, of which the
apper portion of the transverse limb articulates with the pterotic
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and epiotic, and almost occludes the opening of the temporal fossa,
while the extremity of the vertical limb articulates with the side of
the basioccipital, and a process on its ventral surface near its june.
tion with the transverse limb articulates with the stout transverse
process of the fourth vertebra. The upper portion of the lower
division of the secondary girdle lies in the deep groove between this
process and the extremity of the lower portion of the transverse
limb.

The lower piece consists of two portions coalesced, which may be
denominated the mesoclavicula (Fig. 6 MCl) and infraclavicula (L),
no trace of the constituent parts. however, persisting. Above are
three processes.  The anterior (ap) which projects directly upwards,
fits into the decp groove mentioned above ; the median (mp) pro-
jecting backwards and upwards, lies behind the lower portion of the
transverse limb of the supraclavicula, and prevents excessive down.
ward and backward motion of the arch ; and the inferior (ip), which
projects directly backwards, lies quite trec immediately below the
the skin, its outer surface being roughened by minute tooth-like
tubercles. The axis of this portion is almost directly vertical, below,
however, the bone curves inwards, becomes horizontal, and is united
by ligament with its fellow of the opposite side. The upper surface
of this portion, which is thin, is smooth. The under surface presents
several points for examination. Just below the base of the inferior
process mentioned above isa deep semi-circular groove (sg), in which
the correspondingly shaped basal process of the first fin-ray runs.
The ridge which bounds this on the outside is continued downwards
and then inwardly on the under surface, and with a corresponding
though slighter parallel ridge forms a groove. With the posterior
ridge the anterior edge of the coracoid (cor) articulates—a broad
process (b7) extending across to the anterior ridge near its outer
extremity, and thus forming in this region a canal. By the expanded
outer and posterior portion of the coracoid overlapping the under sur-
face of the coalesced meso- and infraclavicula in that region, and not
further inwards, another canal is formed, which unites with the one
already described, both containing parts of the same muscle. No
post-clavicula is present. '

The two pieces, coracoid (cor) and scapula (sc), of which the
primary girdle is originally formed have also become quite coalesced.

e A
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The foramen ( for), however, which usually occurs between them, is
stili present and indicates that while the scapular portion is very
small the coracoid has reached a very great degree of developwent,
meeting with its fellow in the middle line, and being united to it by
sutural union. This coracoid has been described (by Huxley for
instance) as the clavicle, but this must be a mistake, for in a well
macerated skeleton, this portion separates perfectly from the portion
in front, the clavicle, showing that these two are not the same. If
the extension of the coracoid, towards the middle line, seen, for
instance, in the Gudide. be continued still farther, the arrangement
which obtains in Amiwrus will result. The upper surface of these
coalesced bones presents no point worthy of special notice, but on the
ventral surface of the outer portion the following points may be
noticed.  First of all there is the bridge-like process (br) which
extends over to the anterior ridge on the under surface of the infra-
clavicula, and at its base a high ridge () is to be seen which dimi-
nishes rapidly as it passes inwards, and is soon lost.  Slightly exterior
to thisis a small rod-like process (»p), which avticulates with the
inner basalia of the fin, and from its base a fine spicule of bone (sp)
passes transversely across to the posterior margin, its anterior portion
giving an articular surface to certain of the radiulic. This spicule
forms an arch through which a muscle runs and just below its
anterior point of attachment is the foramen between the scapular
and coracoid portions.

- From the arrangement of the articulations of the fin, and from
g_'éneml chavacters, I am inclined to refer to the scapula, the thin
triangular portion, which is well marked off, and whose limit on the
exterior edge would be a line drawn from the base of the rod-like
process for the inner basale. The spicule-like arch belongs probably
to the coracoid portion.

The fin consists of two principal rows of elements. The proximal
row consists of three elements, two osseous and one cartilaginous.
The posterior element (the fin being erected) is osseous, a rather
slender rod tipped with cartilage at either end. Proximally it does
not reach the pectoral arch, a small cartilage intervening. This.is
Huxley's! metapterygial  basele. The next element, proceeding

! Huzley. —~Anatomy of the Vertebrates.  London, 1871,
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anteriorly, is similar in appearance, but stouter. Distally, like the
basale, it supports the fin rays, but proximally it articulates with the

upper surface of the anterior extremity of the spicule-like bridge.

Between the distal ends of this, which is a rediel and the basale, is
a small cartilage, embraced by the fin-rays. The next element,
anteriorly, is a large cartilaginous nodule, articnlating with the
extremity of the rod-like process of the coracoid, and supporting the
fin rays. It probably represents another radial. Huxley’s meso-
pterygial basale is here, as is usual, ossitied with the anterior tin ray.

Concerning the majority of these structures nothing need be said

but that they are on the same plan as the rays of the unpaired fins.

The most anterior ray (fig. 7), however, requires special mention. It

is completely ossified, terminates in a sharp point, and has the
posterior edge serrated. By special arrangements it can be firmly
fixed in the erect position. and can only be depressed by rotation

through an angle of 40°; it is therefore an important weapon for
defence or offence. These arrangements are as follows :—From the
upper surface of the base (the original mesopterygial basale) a high
semi-circular ridge (sr) arises, and the proximal extremity terminates
in two processes (¢ps and tpz), including a deep groove between them.

When the fin is erected the semi-circular ridge runs into the semi-
circular groove (fig. 7 sg) at the base of the inferior process of the
mesoclavicula, and at the same time the outer edge of the coracoid is
received into the groove between the two terminal processes. Move-
ment directly forward or directly backward is now effectually
prevented, and fiexion can only be accomplished by rotation, when

the ridge slips out of its groove, and the outer edge of the coracoid out

of its groove.
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THE OSTEOLOGY OF AMIURUS CATUS.

The terms applied to the different parts of the pectoral arch have
varied much at different periods.
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X.—PELVIC ARCH AND FIN.

The pelvic arch consists of two similar pieces united in the middle
line. The anterior part of each piece is very thin, and is produced
into a point at the outer angle. The posterior edge is rounded, and
gives articulating surfaces for the rays of the ventral fin—eight in
number. Posteriorly in the middle line there is a horse-shoe shaped
cartilage, the concavity of which is directed backwards, the two
limbs of which give attachment to portions of the infracarinales
muscles. Crista for the attachment of muscles traverse the thin
portion, and the postevior border is edged with cartilage.  According
to Davidoff! these bones are not homologous with the pelvis of the
Elasmobranchs, but correspond to the metapterygial basalia much
enlarged. The pelvis of dmiwrus corresponds very closely to the
description of that of Barbus fluviatilis given by the same author,
the horse.shoe shaped cartilage representing the stout posterior pro-
cess as in that forra.

The reduction of the radialia which characterises the Teleosts
when compared with Elasmobranchs and Ganoids is here carried to
its greatest extreme, these structures- being entively absent. The
fin-rays have the usual character.

H;wing unow described the structure of the various parts com-
posing the skeleton of this Siluroid, it remains to point out one or
two generalizations with regard to it. In the first place its relation
to the Cyprinoids is close, as evidenced by the modifications of the
anterior and the tail vertebre, and also by the relations of the audi-
tory apparatus.

Secondly, there is evidence that the Silurvids have branched off
at a very early period from the primordial Teleosts. This is shown,
as has been alveady stated, by the almost complete ossification of the
skull, and also by the extent of the specialization of the various
parts. The canal for the orbital muscles has almost disappeared,
showing that Amiurus has puassed through a stage in which it
[ossessed a complete canal, a stage in which the Cyprinoids still
remain. The perfectness of the arrangements for the fixation of the

1 Duvidof --Beitrage zur vergl. Anut. d. hinteren Gliedmasse d. Fische. Morph. Jarhl. VI,
1880.

-

Ay

P

Py



THE OSTEOLOGY OF AMIURUS CATUS. 307

anterior ray of the pectoral fin also points to the lapse of a consider-
able period of time, during which small successive changes have been
wrought, and the extent of the modifications of the dorsal fin for the
game purpose point to the same conclusion. Other evidences of a
similar nature are to be seen in the absence of any neural arches
corresponding with the hiemal processes which support the rays of
the caudal fin, and in the complete abortion of the radialia of the
ventral fin.

All these latter points are, however, subordinate to the first in
determining the relative position of Amdurus. Since the course of
development, as is shown both by the outological history of any
form, and by the study of the various vertebrate groups, leads from
a purely cartilaginous to a purelv osseous skeleton, the amount of
cartilage present in the skeleton of any fish is in indirect relation to
the extent of its development. This character is necessarily less
subject to the modification of external conditions than other parts,
so that even though certain of these may undergo great specialization,
vet if a considerable amount of cartilage be present in the skeleton,
the form under consideration must be considered as standing com-
paratively low in the group. The Lophobranchiates, for instance,
have undergone modifications, even more striking than those of
Amiurus, but since the relative amount of cartilage in the skull is
greater, and the parts modified may all be readily influenced by the
conditions of existence, the members of this group must be placed
lower among the Teleosts than dmiurus.

In conclusion, a few words concerning the process of ossification.
From what has already been said in this paper, it will be seen that
what may be termed several modes of ossification are present. We
have, in the first place, the deposition of the bone in general connec-
tive tissue, forming certain of the ¢ Deckknochen,” and the bones
around the mucous canals; we have, secondly, cement-bone, as in the
premaxzillze and dentary ; and we have, thirdly, perichondral bone, a~
in the prootic, palatine, etc. It has ulso been shown that all these
forms of bone formation pass into one another perfectly, no dividing
line marking the termination of one form and thie commencement of
another. Not only, however, do they thus pass into one another,
but they also replace each other. This is very evident'in the case of
the frontal, maxille, vomer, parasphenoid and mucous canal bones.
At one time these hones were probably formed by the union of the
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cement plates, as lias been shown by Hertwig,' but in the process of
time, by a shorteniug of their developmental history, the bone came
to be deposited directly in membrane, without any previous tooth-
formation. The same thing mav happen with certain perichondral
hones, as, for instance, the palatine and the branchial arches. These
in some Teleosts are formed from cement-bone, but in Ameiwrus are
developed perichondrally, a shortening of the development again
taking place.

But not only are these diffevent varieties of bone identical in their
listological features, and not only are they able to replace each other,
but they also are identical in their histogenesis. In all osteoblasts
are present (either transtormed cartilage or connective tissue cells)
and secrete the calcareous wmatter which is depusited in an organic
non-cartilaginous substance. This is very evident in the case of the
¢ Deck-knochen’ and mucous-canal bones. It is also the case with
cement bones which are formed of osseous trabeculz deposited in
membrane by means of osteoblasts, the cement plates of the teeth
themselves arising, “ theils direct als Abscheidung einer zelligen
Anlage (cement membran), theils durch Verknicherung des den Zahn
ungebenden Bindegewebes?;” so that the formation of the subsequent
osseous trabecule is merely a continuation of the original process
which formed the individual cement plates. And again, with regard
to the perichondral bone the same thing may be shown to obtain.
With the growth of the bone secreted by the osteoblasts there is a
concomitant absorption of the cartilage, the cartilage cells probably
being partially transformed into osteoblasts, by whose agency new
trabeculee are formed occupying the place of the lately absorbed
cartilage, there being no deposition of the calcareous matter in the
cartilaginous matrix. This is what occurs in centripetal perichon-
dral bone®. The processes in centrifugal perichondral bone are simi-
lar to those to be seen in the formation of cement-bone.

In the dentary portion of the mandible there is a combination of
the cement process with the centrifugal perichondral process, in which
union of processes is scen the close relationship between perichondral
and cement-bone. For exactly the same process goes on as in the
premaxillee and the palatines. The osteoblasts which have given
rise to one individual cement plate carry on their work of hone

0. Hertwig—loc cit. $ 0. Hertwig—loc. cit. 3 See Selmid-Monnard—loc. cit.




THE OSTEOLOGY OF AMIURUS CATUS. 309

formation, producing osseous trabeculze which replace the cartilage
as it becomes absorbed, so that one might justly term the dentary a
cement bone.

It has now been shown that membrane-bone, cement-bone, and peri-
chondral bone cau replace each other, that they are identical in
their histological characters, and also that they are identical in their
mode of formation. A comparison of the upper poitions of the
premaxillee with the frontals shows that the process of bone forma-
tion is in both cases the same, and similarly a comparison of the
dentary with the palatine or prootic shows that the centripetal peri-
chondral method can start and be in relation with cement bone just
as well as centrifugal perichondral bone ; for in the prootic, palatine,
etc., a layer of bone is first deposited outside the cartilage and by the
formation of trabeculwe in connection with this, and extending out
into the surrounding connective-tissue, the bone grows in thickness.
There can be no good reason, then, on histogenetic grounds, for the
separation of these varieties into different groups.

The Gegenbaurian distinction of bones into primary and secondary!
is now proved to be imperfect, and consequently also Vrolik's* classi-
fication of bone formation into perichonrastotisch and enchondrosto-
tisch. Walther® from his observations on the pike, classifies the
various kinds of bone thus :—

1. Ccmeptknochen (primiire Deckknochen).
Hautknochen 2. Bindegewebsknochen (secundiive Deckknochen).
3. Perichondralknochen (centrifugal wachsend).

Knorpelknochen 5 o (Biduns von Knoohenlernon).

Goldi, again, in a very recent paper, objects to Walther’s distine-
tion between centrifugal and centripetal pevichondral bones and
classifies thus :—

1. Cementknochen.

1. Hautknochen ;
antan 2. Bindegewebsknochen.

I1. Perichondrale %1. Exo-perichondral {centrifugal wachsend.)
Knochen 2. Endo-perichondral (centripetal wachsend),
and refers to a third group endrochondral bones, <. e., those formed
from a centre of ossification in the centre of the cartilage.

1 Gegenbaur— Elements of comparative anatomy.

2 Frolik—loc. cit.

¥ Waither —Die Entw. d. Deckknochen i Kopf-skelet des Hecbtes (Esoc luciux).  Jen.
Zeit. Bd. XVI., 1862,
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Itis a question whether from the facts of development one is
entitled to lay such stress upon the presence of cartilage, and thus
%o separate so distinctly the perichondral from the membrane bones.
I should prefer to have two classes of bone-formation (I.) that in
which the caleareous matter is first deposited in the centre of the
cartilage, and (I1.) that in which it is not. In the first class
enchondral bone would be placed and in the second the other four.
But since such classification should indicate the ontogeny of the bone
as well as its histogenesis, since the preformation of a bone in carti-
lage is of great use in determining its homologies, the second ciass
should be subdivided. My classification would then be as follows :—

I. Bones developing from ossificatory centre in the car:tilage.
1. Endochondral bone.
11. Bones which do not develope from ossificatory centre in the cartilage.

A. Bones preformed in cartilage :
1. Exoperichondral (centrifugal).
2. Endo-perichondral (centripetal).
3. Cement bones which replace cartilage.

B. Bones not preformed in cartilage :

1. Membrane bones.
2. Cement bones which do not replace cartilage.

Guelph, February 25th, 1854.
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BY J. PLAYFAIR McMURRICH. M. A.
Professor in the Ontario Agricultural College.

[Read before the Canadian Institute, April the 5th, 1584.]

The group of the physostomous fishes shows many structural diver-
gences from the common type, and in the osscous and muscular sys-
tems this fact is especially noticeable. In no large group do we find
the structure identical throughout the various members, but varia-
tions occur sometimes in one, sometimes in another particular, ac-
cording to the natural conditions under which the animal exists.
The osseous and muscular systems being so closely related, one would
naturally expect to find great modifications of the one accompanied
by equal modifications of the other, the extraordinary development of
a muscle causing an extraordinary development of the parts to which
it is attached, and, vice verse¢, the modification of a bone for any
special purpose being accompanied by a suitabie modification of the
attached muscles.

Vetter! has given a detailed account of the myology of the head
and arches of Cyprinus, Barbus, Esox and Perce ; Cuvier? before him
a complete account of the musculature of Perca - and similarly Owen *
and Stannius.* In the succeeding pages I propose giving an account
of the myology of dmiurus catus, a Siluroid, and comparing it with
that of other members of the Physostomi, with the object of showing
the codrdinate modifications of parts and of deducing probable homo-
logies. I may state here that I am indebted to Prof. R. Ramsay
Wright for information regarding the inmervation of the various
muscles, he having studied this subject, so necessary in discussing
homologies, in connection with the nervous system of Admiwrus. In
‘connection with the muscles of the head and arches, in drawing com-

! Vetter—Untersuchungen zir vergl. Anat. der Kiemen, und Eiefer-Muskeln der Fische.
Th. I1., Jen. Zeit. Bd. xii.

3 Cuvier ¢t Valencicnnes—Hist. Nat. des Poissons, Paris, 1528.

3 (wen—On the Anatomy of Vertebrates, Vol. 1., London, 1S66.

4 Stannius—Handbuch der Zootomie. Bd. 1.
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pavison with other forms when no authority is given for statements
regarding these, it may be assumed that they ave drawn from Vei.
ter’s paper.
1 shall divide the various muscles into the following groups, ac-
cording to their present relations :—
T.—Mandibular Muscles. |
11.—Muscles of the Palatine arch.
III.—Opercular Muscles.
IV.-—Muscles of the Hyoid arch.
V.—>Muscles of the Branchial arches.
VI.—The Trunk Musculature.
VIL.—Muscles of the Pectoral arch and fin.
VIII.—Muscles of the Pelvic arch and fin.
TX. —Muscles of the Dorsal fin.
X.—DMuscles of the Anal tin.
XI.—Muscles of the Caudal fin.

L.—MANDIBULAR MUSCLER.

In removing the integument from the side of the skull, one ex-
poses a strong fascia. attached above to the frontal and supraoccipital
bones, and covering the large adductor mandibule.  Behind, it is
attached to the descending ridge of the supraoccipital, and thence
passes to the posterior border of the hyomandibular, preoperculum.
and quadrate. whence it is continned on to the mandible. In front
it contains behind the eye the chain of infraorbital bones. Passing
below the eye, it passes forward and is attacled to the antorbital pro-
cess, continuing on over the nasal region, and containing the nasal
and adnasal bones, to be finally inserted into the premaxille. On
removing this fascia one exposes the

1. Appucror MaspisuLg, (No. 20, Cuv,; Retractor oris, Owen;
M. Masseter, Ag.) (PL IIL, Fig. 1, AJL)

This is a broad thick muscle, which fills up the depression
on the side of the skull. [t arises from a semicircular ridge
commencing anteriorly and above on the outer edge of the ecteth-
moid, extending thence along the frontal and supraoccipital.
The muscle covers the sphenotic and pterotic, from the edges of
which fibres also oviginate. Descending posteriorly, the line of origin
passes along the posterior edge of the hyomandibular and preopercu-

su
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lum. and thence to the quadrate. Certain fibres also take origin
from the swrtuce of the hyomandibu'ar and from the transveise ridge
on that bone. These fibres are at first distinet from tlie main muscle
but soon unite with it. The lower fibres pass obliquely forward, and
are inserted directly into the posterior edge of the process of the
articulare, uniting partly with the remaining fibres. These converge
towards the inner surface of the mandible, uniting to form a tendon
on the inner surface of the muscle which is inserted into the longitu-
dinal ridge on inner surface of articulare and the inner surface of
the dentary, Meckel’s cartilage receiving also some fibres.

Innervation.—1It is supplied by the frigemimus. The deeper
portions are supplied by a branch arising from the upper lateral
strand of the trigeminus before its division into the superior and in-
ferior maxillary branches. The superficial portions are innervated
by a branch avising just behind this.

Action.—The «dd. mand. raises the jaw after i1t has heen depressed
by the geniokyoid, and is therefore the opponent of that muscle.

In most Teleostei the add. mand. consists of three povtions, of
which the upper passes to the maxilla, the others to the mandible. In
Esox, an arrangement more related to that occurring in Amiurus ob-
wins.  The superficial portion is wanting, but the other two portions
are distinet.  Of these the upper, arising from the upper part of the
semicircular ridge and inserted into the inner surface of the articu-
lave and Meckel’s cartilage, corresponds to the upper portions of the
muscle in Amiurus ; while the deeper one, arising from the meiapt-
erygoid and lower part of the semicircular ridge and inserted into
Meckel’s cartilage, a tendon uniting with that of the upper portion,
corresponds with the lower portion of the muscle in dmiurus plus
that arising from the transverse ridge and surface of the hyomandi-
bular which here usurps the position of the metaptervgoid, the
slight difference in the insertion being no greater than that which
obtains in Esox and Barbus in the deeper portions, which in these
forms are clearly homologous. From the position of the muscle one
may conclude that it is an angular structure, Z.e., belonging equally
to the upper and lower moieties of the first post-oral arch. and this
conclusion is confirmed by the innervation, the supplying branches
leaving the trunk of the trigeminus before its division into the
superior and inferior maxillary branches. Since the maxilla is a
splint-bone belonging to the upper half of this arch, one would sup-
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pose that orviginally it received a portion of the muscle, and that the
arrangement now seen in Cyprinus, Barbus, and Perca, is the older
one, that of Fsoz and Amiurus being the later modification.

2. Aooucror Textacvnn—(PL 111, Fig. 1, and 3, AT.)

On cutting through the insertion of the «dd. mund. and reflecting
i, 2 muscle is exposed which is apparently characteristic of the
Siluroids. It arises from the outer surface of the metapterygoid, its
upper portion being covered by the lev. arcis palatini. It runs for-
ward beneath the wdd. mand., forming the inferior boundary of the
orbit and being crossed by the fifth nerve. Anteriorly it becomes
tendinous, the tendon near its insertion dividing into two slips, be-
tween which the nerve supplying the tentacle passes. One of these
slips is inserted into the upper, the other into the lower border of the
base of the maxilla, which encloses the proximal portion of the
tentacle.

Innervation.—Tt is supplied by a branch of the same nerve that
supplies the deeper portions of the add. mand.

Action.—It draws the tentacle backwards towards the middle line,
opposing the anterior portion of the udd. wrcds pulatini.

The position and innervation of this muscle leads to the conclu-
sion that it is a part of the wid. mand. which has been separated off
for a particular purpose. It does not, however, compare with any
of the three parts of that muscle in Barbus or Perca, nor even with
the fourth part, which is sometimes present, as in Cyprinus, since
this is formed by a division of the superficial portion. Since the
osseous support of the long tentacle is the maxilla, this muscle
bears a certain amount of analogy to the superficial portion of the
add. mand., but it cannot be its homoclogue. The relation of the
maxilla to the tentacle was probably secondary, and since the power
of moving the tentacle would always have been an advantage it is
probable that originally the muscle was inserted into the tentacular
cartilage, its insertion into the maxilla only occurring after that bone
had commenced to be a support and had enclosed the base of the
tentacle. There are two theories which will account for the presence of
this muscle. (1) It may be a new structure evolved for a particular
purpose, or (2), it may be the representative of a muscle present in
ancestral forms but which has disappeared in all the Zeleostel
hitherto examined. If the latter is the correct explanation, one
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ghonld be able to point to homologous muscles in the lower forms.
Can this be done? As to the Ganoids, to which one would naturally
turn, I have not been able to consult any account of their museula-
ture, with the exception of Vetter’s description of Acipenser, in
" which, apparently, no homologue is present.! In the Elasmobranchs?
however, there are muscles with 2 certain amount of similarity. In
C'himeers the lev. anguli oris consists of two portions, of which the
posterior arises prineipally from the lower border of the orbit, is in-
serted into the inner surface of the posterior inferior labial cartilage,
and is innervated by twigs from the R. maxilluris inforior trigemind,
The Plagiostomi present a muscle even more analogous. It is absent
in Heptanchus, in dcanthivs, but strong in Scyllium, and arises tfrom
the under surface of the orbital regions of the skull. It passes for-
wards and is united by connective tissue to the posterior superior
labial cartilage, union occurring also with the add. mand. It is inner«

_vated by a twig of the second branch of the ¢rigeminus, which runs
over the muscle into the integument of the upper lip.  Vetter terms
this muscle the lev. lubiz superiorss.

The difference between this muscle and the add. zent. may possibly
be explained by the presence of the membrane bones in the Teleos-
tean skull, but nevertheless it seems that the first hypothesis is to be
preferred.  As T have already shown in a preceding paper, the Sil-
uroids must have branched off very early from the original stem of
the Teleosts, and have undergone much specialization. The presence
of the tentacle itself is a great specialization, and since it would be of

' advantage to the fish that this should be capable of voluntary move-
ment, there would be a tendency for a separation of certain fibres of
ithe «wld. mand, for this purpose, which tendency would in the course
of time vesult in the production of a perfectly distinct muscle. The
innervation points very strongly to this theory, and the adaptation
of the anterior fibres of the add. arclls palating to act as an abdwrctor
tentoculi also accords with it.

3. MuscurLus InTERMANDIBULARIS, (No. 21, Cuv.) (Fig. 3, Im.)
This musele is seen on removing the integument from the under
gurface of the head. It lies immediately behind the symphysis of
the mandible, running transversely from one ramus to the other.
1 Vetter—Loz. cit.

«; 2 Vetter—Untersch. ziir vergl. Anat der Kicmen-und Kiefer-Muskeln der Fische. Th. L,
Jen. Zeit. Bd. viii.

= 23
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Innervation.— A branch from an anastomosis of R. maxillaris inf.
trigemint and K. hyoideo-mandibularis fucialis.

Action.—Prevents the separation of the rami of the mandibles
whether from pressure within or from the action of the lev. arcils
palating.

TL—MUSCLES OF THE PALATINE ARCH.
1. Levaror Arclls Pavariny, (No. 24, Cuv.; Lev. suspensoriz, Stan.;
Lev. tympani, Ow.) (Figs. 1 & 2, LAP).

This is exposed on cutting through the upper and posterior
portions of the insertion of the add. mand., and reflecting it.
The muscle may bhe described as consisting of two parts. The
angerior portion is triangular and thick, and arises from the poste-
rior border of the antorbital process and from the inferior surface
and the edge of the ectethmoid and frontal. TIts fibres arching
over the orbit and passing below the «ded. mand., unite to a tendon,
which is inserted into the extremity of the transverse ridge of the
hyomandibular. The posterior part is quadrangular and thin, and
arises from the edge of the sphenotic.  Those fibres arising from the
rudimentary postorbital process are at first tendinous but soon be-
come muscular, and, along with the more anterior ones, pass directly
downwards to be inserted along the whole upper surface of the trans-
verse ridge on the hyomandibular, a few fibres passing to the surface
of the bone above the ridge.

Tanervation.—It is supplied by a branch from an independent
strand of the ¢rigemenus which accompanies the R. meawillaris sup.

Action.—1It raises the palatine arch.  The anterior triangular por-
tion will also pull it forwards.

This muscle is very similar in its relations to that of Zsox, but dif-
fers slightly from that of other forms. The innervation differs also
slightly, Vetter describing it in the forms he studied as being by a
branch from the R. maxilleris inferior. Here, however, the inde-
pendent strand must be equivalent to this branch, since like it it
also supplies the dzletator operculi. The great differentiation which
the trigeminus shows accounts for these slight dissimilarities.

2. Appucrtor Arcils PaLatini, (No. 22, Cuv.; Constrictor, Stan. ;
Depressor tympani, Ow.)

This consists of two distinet parrs. The posterier portion is ex-

posed by removing the branchial and lower part of the hyoid appara-
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tus and so exposing the under surface of the skull. It is covered
velow by a dense fascia, in the anterior prolongation of which is the
bone denominated No. 4. This posterior portion arises from the
edges and the ascending process of the parasphenoid, and from the
contiguous surface of the prootic. The fibres pass directly outwards
and are inserted into the inner surface of the metapterygoid and an-
terior portion of the hyomandibular. The anterior portion may best
be scen on the outer surface of the skull, after removing add. mand.
and lev. ure. pal.. It arises from the parasphenoid, orbitosphenoid
and upper surfaco of No. 4, which is developed in the fascia covering
its inner surface. It passes outwards and is inserted into the inner

" surface of the posterior half of the palatine.

Inmervation.—Both muscles are supplied by a special branch of
the facial—the &£. musc. add. arcis palating.

Action.—The posterior portion depresses or adducts the palatine
arch after it has been raised or abducted by the /ev. wre. pel. The
anterior portion acts directly on the posterior extremity of the pala-
tine, and indirectly through it on the tentacle. By pulling the pos-
terior extremity of the palatine inwards it forces its anterior ex-

.tremity outwards. To this is attached a portion of the dense fascia

which covers theantorbital process and adjacent parts, fibres of which
are also inserted into the base of the maxilla. When, therefore, the
muscle acts, the fascia is rendered tense, and by the arrangement of
‘the osscous parts acts on the maxilla, drawing the tentacle forwards.
This anterior portion acts therefore as the opponent of the add. tent.

The muscle in Esox corresponds to the posterior portion in Amiurus,
the anterior portion being apparently wanting. In Cyprinus, how-
-ever, the origin is continued forward on the orbitosphenoid, and is

.more like what has been described. 1n neither of these forms, how-
-ever, do any fibres pass to the palatine, being wholly confined to the

anetapterygoid and entopterygoid, and extending in Perca back to

the hyomandibular. At first sight the anterior portion does not
seem to have any rclation to the posterior, since, from its lying on

the outer (upper) surface of No. 4, it seems to belong rather to the

outer surface of the skull than the inner. But, when the relations

of that bone are considered, it is at once evident that this anterior
pomon is a special modification of the anterior fibres of a muscle
sumlo.r to that of the Cyprinoids.
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3. Appuctor Hyowmaxpiouraris, (No. 26, Cuv. iv part ; Depressor
suspensiorit, Stan.; Depressor operculi, Ow.,, in part.)

This muscle is very closely related to the add. operculi, lying im-
mediately in front of it and partly overlapped by it. It arises from
the lower surface of the pterotic, and passes downwards, outwards
and forwards, to be inserted into the hyomandibular immediately
above the opercular process.

Innervatson.— Ramus operculnris facialis.

Action.—It aids the add. arc. pal.

The relations of this muscle correspond almost exactly with those
of the corresponding muscle in Perca. In £soax, however, it is merely
a part of the add. arc. pal., while in the Cyprinoids it has a much
greater origin and insertion than in any of the other forms.

III. —OPERCULAR MUSCLES.
1. Levaror OpercuLl, (No. 25, Cuv.) (Figs. 1 & 2, LOp.)

The levator of the operculum is exposed by removing the integu-
ment from the side of the head and stripping off the posterior
continuation of the fascia covering the add. mand. This poste
rior continuation is not directly continuous with the anterior
portion, but takes origin from the posterior edge of hyomandibular
and preoperculum, and is attached above to the edge of the ptevotic
and below to the upper surface of the operculum, being posteriorly
continuous with the fascia covering the trunk musculature. The
muscle arises from the posterior edge of the ridge on the hyomandi
bular, and from the edge of the pterotic. Its fibres are directed
-downwards and slightly ,backwards, and are inserted into the whole
apper border of the operculum.

Innervation.—R. opercularis fuciolis.

Action.—It pulls the operculum upwards and slightly forwards.
helping the dilatator.

9. DirataTor OpERCULL (No. 25, Cuv., anterior part ; Lev. operculi.
ant. part, Ow.) (Fig. 2, Dil. Op.)

This muscle lies immediately below and behind the lev. are. pal.
and is closely related to it. The anterior part forms a ver
strong tendon, which arises by muscular fibres from the under
surface of the frontal and ectethmoid above the orbit and he
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low the first portion of lev. arc. pal. The tendon passes obliguely
backwards and is inserted into the anterior and upper surfaces of the
process by which the operculum articulates with the hyomandibular.
The origin of the muscle is continued backwards on the ventral sur-
faces of the frontal and sphenotic, a few fibres arising from the lat-
ter behind the postorbital process, and posteriorly a few take origin
from the surface of the hyomandibular and from the ridge on its
posterior superior angle. The majority of these fibres unite with the
strong tendon, only those which arise from the hyomandibular being
inserted directly into the opercular knob.

Innervation—It is innervated by a branch of the nerve which
supplies the superficial portion of ndd. mand., <. e., a branch from the
trigeminus arising behind the branch for the deep portion of wdldl.
wand. and add. tent.

Action.—Raises the operculum, and swings it outwards on its ar-
ticulation with the hyomandibular.

In Esox this muscle is weak and does not extend forwards beyond
the posterior extremity of the articulation of the hyomandibular
with the pterotic. In Perce it reaches the sphenotic, but in none
does it extend as far as in Améurus. Tn other Teleosts the innerva-
tion is from twigs from the branch of I. .. tnf. trigemand, which
supplies the lev. wre. pel., while here the innervation would indicate
a closer relationship with the add. mend.

3. Avpucror Opercurl, (No. 26, Cuv. ; Dr pwssor opereall, Stan. et
Ow.)

This may be seen by cutting through the insertion of the lowtor

operculi and reflecting it, or bester, by the dissection reguired for

. exposing the add. are. pal. and «dd. hyomand. It avises from the

inferior surface of the pterotic, and is inserted into the posterior edge
of the upper border and the upper parc of the inner surfuce of the
‘operculum.
{nnervation.—Ramus oprreaduris fucialis,
detion.—Approximates the operculum to the side of head, and is
therefore the opponent of lec. and dil. operculi.
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IV.—-MUSCLES OF THE HYOID ARCH.
1. Gevionyorneus, (No. 27, Cuv.) (Fig. 3, GH).

This muscle which runs along the imner side of the ramus of
the mandible, may be exposed by removing the integument from
the lower surface of the skull and turning back the éntermandibny.
larie which covers its insertion. It arises from the posterior
portion of the lower (ventral) and outer surfaces of the ceratohyal.
and also from the epihyal at the bases ¢f the upper branchiostegal
rays. It passes forwards as a thick wmuscle, inclining slightly iu-
wards towards its fellow of the opposite side, the inner fibres being
inserted into a median aponeurosis between the two, no interdigita-
tion occurring. The greater bulk of the muscle inclines outwards,
and is inserted into the posterior surface of the anterior part of the
ramus of the mandible, being partly covered by the intermandibu-
laris, Crossing the anterior portion of the muscle obliquely are two
tendinous bands, (Fig. 3, ti, ti'), to which are attached the cartilagin-
ous supports of the tentacles of the under surface.

Innervation.— R. lyoideo-mandibularis facialis.

dction.—According as the hyoid or mandibular arches are fixed
this muscle acts in different ways. If the hyoid is fixed by the
hyocloviculoris it acts on the mandible, depressing it. This is its
usual action. If, however, the mandible is fixed by the powerful
add. mand., 1t raises the hyoid arch and through it the operculum,
thus aiding the lev. and d#l. opere. Through the tendons which
pass across it, it is the means by which the tentacles resting on these
tendons move, but the range of motion thus imparted is very small.

The simplicity of this muscle contrasts somewhat with what occurs
in Bsox, and agrees more closely with the arrangement in Bearbus.
In Cyprinus the origin is similar, and in Bardus the muscles of either
side do not interdigitate as they appear to do in other fishes. In
Esox and Cyprinus a median enlargement of the muscle occurs. The
tendinous hands are of course peculiar to the Siluroids.

2. Hvouvoipeus, (Nos. 28 and 29, Cuv.; Lev. and Dep. branchios-
tegarum, Ow.)
This is exposed by the dissection required for the preceding with
the removal of the integument from the branchiostegal rays. It
may be considered as being composed of two portions, of which the
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posterior belongs essentially to the branchiostegal rays. This por-
tion (Fig. 3, Hh') arises from the inner surfaces of the operculum
and interoperculum, extending from them to the dorsal border of the
first branchiosiegal ray  Thence it passes below that ray to the dor-
gal border of the second, and so on to the most internal ray, beeemn
ing narrower as it nears the median line, and having its central fibres
better developed than the lateral ones. From the last ray the
muscle extends upwards and forwards, and is inserted into the apon-
eurosis which separates it from its fellow.

The anterior portion (Fig. 3, Hh?), avises from the upper border
and surfuce of the ceratohyal and hypohyal, and passing inwards is
inserted into the aponcurosis between it and its fellow.

Innervation.— . hyoideo-mandibularis focinlis.

Action.—Both portions act as constrictors. The posterior portion
will close the aperture of the gill cavity by shutting down upon it
the branchiostegal membrane. The complete closurc of the gill-
slit” is necessary in ovder that the hyoid apparatus and its muscles
may properly perform their pumping action. The anterior portion
approximates the hyoid arches, and thus aids the posterior portion,
drawing the whole hyoid apparatus towards the side of the skull.

The kyohyoideus varvies somewhat in different forms. In Esox it
passes as a continuous sheet over the hranchiostegul rays, not passing
from one to the other as in Amiurus and the Cyprinoids. In Perce
and Esox the muscle passes directly across to the hyoid arch of the
-opposite side, and in the latter there is a separation into two bundles
of which the outermost passes forward and is inserted into the cera-
tohyal and hypohyal, and thevefore corresponds to the anterior
muscle of dmiurus. In Perca neither Stannius nor Cuvier nor Owen
describes an anterior portion, but Owen states! that “ In some fishes
@ transverse muscle, repeating the characters of 21, Fig. 135, (<. e.,
the intermandibularis), passes from one ceratohyal to the other.” Vet-
ter terms that portion of the muscle which runs between the branchi-
ostegal rays the ¢lhyohyoideus swperior, grouping those portions
coming from the most internal ray and from the ceratohyal together
as the ¢ hyolyoideus inferior, an arrangement which in sox ig
~quite proper, but will not hold with Admiurus.

YOmen. — Lue. eit.



392 PROCEEDINGS OF THE CANADIAN INSTITUTE.

3. Hyorecroraris, (No. 1 Cuv.; Retractor hyoidet, Ow.; Steruo.
hyoid, Stan. et Vetter.)

This muscle is exposed by removing the anterior portion of the
hyohyoideus and the inner part of its posterior portion. It arises
from the upper (dorsal) surface of the clavicle and from the strong
ridge separating this muscle from the erector of the pectoral fin. It
passes forwards, lying anteriorly on the upper surface of the urohyal,
and being separated from its fellow by the median crest on that bone,
It is inserted into the anterior portion of the urohyal below its
small upper plate. (Fig. 4, Hy. P.)

Innervation.—Branch from the united first and second spinal
nerves.

Action.—By its contraction it draws the anterior extremities of
the hyoid arches downwards, and so enlarges the cavity of the mouth.
In respiration the branchiostegal membrane closing the gillslit, the
action of this muscle will cause the flow of water into the mouth.
This being then closed by the powerful «dd. mand., the hyo-pector.
alis and hyolyoideus relaxes, and the gendokyoid then acting, draws
the hyoid arches upwards and forces the water out by the gill-slit.

I have ventured to indicate this muscle by a new name. Thut
used by Vetter is not appropriate owing to the absence of any struc-
ture which can be termed a sternum. Owen’s name also is faulty,
since the action is not so much to retract the hyoids as to depress
their anterior extremities. The name applied above is analogous
with those of the other muscles of the hyoid arch indicating its in-
sertion and origin.

V.—MUSCLES OF THE BRANCHIAL ARCHES.
A.—VENTRAL MUSCLES,
1. Muscurus Hyosraxcuians, (No. 35 Cuv. ; Pharyngo-hyoideas,
Pharymgo-wrcualis and Interac. obl. vent. in part, Vetter).

After baving exposed the hyopectoralis, it should he cut through
and reflected, and the fascia covering the under surface of the
branchial arches then removed. The Ayohranchialis (Fig 4, HBr.)
will then be seen as a stout muscle lying to the side of the
median line on either side on the under surface of the branchial
arches. It arises from the posterior surface of the hypohyoid by 2
round tendon, which is continued some distance backwards on the
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dorsal surface of the muscle. Opposite the second branchial arch a
glip (HBr?) separates from the main muscle and is inserted into the
inner extremity of the anterior ridge of ceratobranchial iii. A
second slip (HBr?) is inserted similarly into ceratobranchial iv., the
main muscle passing straight backwards to be inserted into the an-
terior border of the pharyngeal inferior (ceratobranchial v.) In a
specimen of Amiwrus nigricans (Les) Gill, fibres were also seen pass-
ing from the main uscle to ceratobranchials i. and ii. Certain
interarcual slips run parallel to the muscle proper, and, from their
relation to theslips to the ceratobranchials, may be considered as sec-
ondary partsof it.  One (HBr3) arises from the point of attachment
of the slip to ceratobranchial iii., and passes back to the anterior
ridge of ceratobranchial iv., i s insertion being closely related with.
that of slip from main muscle to the same bone. A second bundle
(HB:) continues this first one backwards, and is inserted into the
inferior pharyngeal (ceratobranchial) along with the main muscle.

Action.—The hyoid being fixed it will draw the branchial appara-
tus forward, the interarcual slips approximating the arches to which
they are attached.

As indicated by the synonyms, the muscle under consideration is
probably comparable to two or more distinct muscles in other Zeleo-
stei. Tue main muscle seems to have certain analogies with the
muscle in Perce, termed by Vetter the pharyngo-hyoideus, and by
Owen the dranchi-depressor, which extends from the urohyal to the
inferior pharyngeals on either side. The pharyngo-arcralis, which
is present in Esox and the Cyprinoids (in which the pharyngo-
hyoideus is absent), but absent in Perce, also presents resemblances.
It arvises from the anterior border of the inferior pharyngeal, and
divides into two slips, the outer of which passes to ceratobranchial
iv., and is, therefore, comparable to the interarcual slip extending
between the same parts in Amiurus. The inner portion inserts into
11yp0branchiul iii., uniting in Esox with the obliqui ventrales of
ceratobranchial iv. and hypobranchial iii. The fivst of these latter
muscles in Esox and the Cyprinoids sends a slip to the ceratohyal,
and that of the fourth arch besides passing to its own ceratobranchial
sends alsoa slip to the hypobranchial iii.

" Tam inclined to consider the hyobranchialis of Amiurus as equi-
valent to all these parts. If one imagines the pharyngo-fiyoideus of
Perea. and the pharyngo-arcualis of Esox and the Cyprinoids united,
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one will have a muscle passing from hyoid directly to the inferim
pharyngeal, and, in addition, sending a slip from that bone t.
ceratobr, iv.; and one can see in the slip of the obliquus ventralis
of the fourth arch which passes forwards to the third, a homologu:
of the slip between ceratobrs. iil. & iv. in dmiurus. The hyoid ani
branchial arches being the liemal arches of six of the vertebrae whidl
enter iito the skull; one may suppose that in ancestral forms there
were sheets of muscle extending from one arch to the next, compar
able to the myomeres of the trunk ; or vather, since these arches are
so early concerned in the function of respiration, it may be hinagined
that each head cavity developed into muscle: above and below, i
aborted in its median portion. We would then have on the under
surface of the branchial arches a series of muscles passing from the
hyoid to fixst branchial arch, from that to the second, and so on
Next, the inner fibres of these myomeres united to form a muscula
belly extending from the hyoid dirvectly to the fifth arch. The oute
fibres did not take part in this modification, or at least only to a par
tial extent, certain of them becomwing detached from their anteriwm
atiachment and united to the large belly, the posterior attachinent
persisting. The fibres passing to ceratobrs. 1. and il. in dmiure.
nigricans, are vadinents of these, and those to ceratobrs. iil. and iv.
persisting examples. Those outer fibres which did not become modi
tied form the interarcual slips I ‘cen ceratobrs. iii. and iv., and iv.
and v. In other fishes the process of specialization has gone on tili
further, certain slips becoming aborted and others losing their oni
ginal connections, so that the prin-wy relations are lost.

2. Muscuur INTERARCUALES OBLIQUI VENTRA™ "3, (No. 3§, Cuv.)

On removing the preceding muscle, these  Fig. 4, Ob. V'and Oh. V¥
are exposed. They are three in number in dmiurus, and arve small
and triangular, extending from the hyobrs. i., ii. and iii., to the
ceratobrs. of the same arches.

Activn.~—They draw the arches downwards towards the middh
line and slightly forward.

These may be considered as modified representatives of the inter
arcual slips between the third and fourth, and fourth and fifth arches
The original course of the muscular fibres of the myomeres is repre
sented by these latter, and since that of the fibres of the intevarcus
les obliqui is almost transverse, they must have been tra ~ferred
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from their oviginal position. According to this view the fibres of
the first muscle originally ran from the ceratohyal to ceratobr. i., as
indeed slips do in Esox and the Cyprinoids; those of the second from
ceratobr. i. to ceratobr. ii.; and those of the third from ceratobr. ii.
to ceratobr. iii. This supposition is supported by the fact that in
other Teleostei there is a fourth obliquus ventralis and no slip be-
gween ceratobrs. iil. and iv., as in dwmivrus.

8. Muscunt Travsverst VENTraLES, (No. 40, Cuv.; includes
Transv. pharyngei, Vetter.)

These are two in number, exposed by the dissection reguired for
the preceding muscles. The anterior one, (Fig. 4, TV!), extends
between the ceratobr. of either side of the fourth arch, across the
lower surface of the branchial apparatus, the posterior (TV?) holds a
gimilar course between the inferior pharyngeals (ceratobr. v.)

Action.—They approximate the arches of opposite sides, the an-
terior one also drawing them slightly downwards.

The placing of the posterior muscle in a different category from the
anterior, under the name " wkaryngeus transversus, is'quite unneces-
sary, the fwo being ser.. I, homologous. The origin of these muscles
is indicated by the representative of the anterior one in the Cypri
noids, it being there small and merely part of one of .ne obligwi
ventroles.

4. Puarvsco-Cravicvvaris Exterxus, (No. 36, Cuv.; Bronche-
retractor, Ow.) (Fig. 4, PhE.)

This muscle and the following one may be seen by the dissection

required for the hyobranchialis, et seq., or still better, by dividing

_Specimen longitudinally exactly in the middle line. The hyopec-

‘Epmlis will have to be removed from its attachment to the clavicle
to expose the origin. The pharyngo-cloviculnris ext. arises from
the upper surface of the clavicle behind the insertion of the hyopec-
toralis, and passes upwards, forwards and inwards, to bo inserted
1into the anterior extremity of the inferior pharyngeal (ceratobr. v.)
~ Innervation.—Branch from the first spinal nerve.

" dction.—Draws the pharyngeal backwards, downwards and slightly
outwards, opposing the & anszersus and kyobranchialis,
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5. Puarvnco-cravicvLarls Intersus, (No. 37, Cuv.; Branchi
ratractor, Ow.) (Fig. 4, Ph. In.)

A thin band-like muscle, arising from the upper surface of the
clavicle near the middle line, and is inserted slightly behind the
preceding.

Tnnervation.—Same as preceding.

Action.—Same as pharyngo-clev. ewt.

B.—Doxsar MuscLEs.

6. MuscuLt Levatores Braxcuianes, (Nos. 30-33, Cav.; Birenchi-
levatores and Masto-branchialis, Ow. ; Lev. branch. ext. and int.,
Vetter.)

These may be exposed from the inside by the dissection reguired
for the pharyngo-claviculares, or from the outside by removing the
opercular and hyomandibular apparatus and detaching the membrane
extending from the upper moieties of the gill arches to the under sur-
face of the skull. They are seven in nwnber, three being attached
to the superior pharyngeal.

(«) Avises from a concavity on the posterior part of the under sur-
face of the pterotic. It isa round, stout muscle, which passes almos
directly downwards, and is inserted into the posterior pertion of the
upper surface of the superior pharyngeal.

(b) Arises from the under surface of the pterotic in front of («).
It is broad and thin, and runs obliquely forwards to be inserted inw
the cartilages at the extremity of epibr. i.

(c) Arises from the pterotic in front of and slightly lower than
(0). It passes down between epilns. ii. and iil,, and is inserted inte
the anterior portion of the upper surfuce of the superior pheryngeal.

(d) Arises from the sphenotic immediately below the articulation
of the hyomandibular. It passes down between epibrs. ii. and iii,
and 1s inserted just hehind (¢) (with whose fibres it intermingles some-
what below) into the antero-external portion of the upper surface of
the superior pharyngeal.

(e) Is closely related to () lving on its outer surface. They arise
together, and () passing downwards, is inserted into epibr. iii. at the
base of its process.

(/} Arises in front of () and (¢) from the sphenotic, and is inserted
into the inner extremity of the anterior surface of epibr. ii.
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(9} Arises immediately in front of the last, and is inserted into the
upper surface of epibr. 1, near its inner extremity.

Innervation.—(«) Is supplied by
(b) by « branch from tr. branchialis 3. vayi; (¢), (4) and (e) by branches
from (. branchialis . vagi; (f) by branch from coalesced ¢r.
branchialis 1. and ii., and (y) by a branch from the glossopharyngeal.

Action.—(«) By drawing the posterior part of the pharyngeal up-
wards, depresses its anterior portion ; (¢) and (d) act together, raising
the anterior border and depressing the posterior, and at the same
time the fibres of (d) will raise the outer border somewhat. These
muscles hmpart o rocking motion to the superior pharyngeal, which
must be very effective in grinding the food against the inferior
pharyngeal ; (0) draws the arches upwards and backwards, depressing
the posterior ones ; ie), (/) and (g) draw the arches directly upwards.

Vetter describes these muscles into two groups, ¢ wnternal’ and
fexternel’  The latter in the Cyprinoids are five in number, in
Lsox three. They ave inserted in the former into the pharyngo-brs.
1, ii,, iii. and iv., the three posterior sending a small slip to the epibr.
i., ii. and iii., vespectively. The fifth muscle is inserted into the pos-
terior portion of the superior pharyngeal, and is therefore equivalent
to (a). The extornal muscles are three, being inserted into the phary-
ngobrs. il and iit, and epibr. iv. It would be difticult to homolo-
gize the wrraugement in dmiurus with that of the other described
forms, but it is to be noticed that in the former the superior phary-
ngeal receives three muscles but only one in the latter.

7. Muscuut INTERARCUALES OBLIQUI DORSALES.

These are exposed by the same dissection as the preceding, which
must also be removed. They are three in number. The first avises
from near the inner extremity of the posterior edge of epibr. i., and
runs back above and slightly exterior to the second, to be inserted
into the anterior edge of the upwardly directed process of epibr. iii.
The second, lurge and stout, lies below the first. It arises from the
posterior border of epibr. ii.,, near its inner extremity, and is in-
serted into the extremity and anterior cdge of process of epibr.
ili. The third arises from the inner extremity and anterior edge of
The pharyngobrs., between the third and fourth arches, and, pass-
ing back, is inserted into the extremity and anterior edge of the
process on epibr. iv.
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Innervation.—The first is supplied by a branch from 7'r.
branchialis iii. vagyi, and the second and third by a branch from
Tr. hranchialis 1. of the same nerve.

Action.—They will tend to approximate the arches, and also to
tilt the posterior ones upwards.

In the Cyprinoids there are two sets of muscles, termed by Vet-
ter, ‘obliqui dorsales inferiores, and ‘obl. dors. superiores” In
Amiurus no such division can be made, nor is it possible to indicate
homologies between the forws.

8. MuscuLl TraNsverst Dorsaies, (Cuv. 34 and 39.)

Exposed by removal of the preceding muscles and by the detach-
ment of the branchial arches from the skull. They are, like the cor-
responding ventral muscles, two in number. The anterior passes be-
tween the pharyngobrs. 1., il. and iii., of either side, the posterior be-
tween the ossa pharyngea superiora of opposite sides, the posterior
fibres passing into the fascia forming the posterior boundary of the
branchial cavity.

Action.—Approximate the arches of opposite sides.

These muscles probably correspond with the transversi dorsates of
FPerca, the anterior of which extends between epibr. ii., the posterior
between pharyngobrs. iii. and iv. of opposite sides. In the Cypri-
noids only a single muscle is present, which corresponds to the pos-
terior muscle in Amiurus.

VI.-MUSCLES OF THE TRUNK.

These muscles, which are very numerous, one corresponding to each
intervertebral region, have usually been described as forming one
greav wnuscle on each side, the great lateral musecle. This is conveni-
ent for description, the various muscles making up the great lateral
wass, being serially homologous and ahmost identical in appearance.
Each consists, inits typical form, of a muscular plate, (myomere),
the fibres of which run parallel to the long axis of the body, and arise
from and are inserted into a fibrous band (myocomma)! taking

3 These terms are here employed in the same manuer as by Wiedersheim in bis lately pub-
lished * Handbuch der Vergl. Anat. der Wirbelthiere.” As originally used by Owen, myocom-
ura signitied tle muscle, the derivation being given as xoppa—a segment.  As here used its
aerivation will be froin xoppa—a pause in a sentence.
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origin from the centrum and processes of each vertebra.  Hach
myomere, therefore, corresponds in its position to a primitive ver-
tebra. For the purpose of description, the lateral muscle of each side
may be divided into five longitudinal parts, not in all cases perfectly
scparable, but still sutliciently so for the purpose.

The jfirst, or most superior portion, is not represented anteriorly,
but commencing at the posterior ray of the dorsal fin, it runs back-
ward to the rays of the caudal fin. It is the muscle termed by
Owen the supracarinalis, and by Cuvier le muscle gréle swperieur.
It consists on either side of a thin band of muscular fibres, formed
by the union of slips arising by tendons from the spinous processes
as far forward as that of the second vertebra behind the last inter-
spinal of the dorsal fin. From their tendinous origins the fibres of
each slip run obliquely forwards, the upper fibves being horizontal and
continued over to the next myomere. This muscle belongs, as fur as
its action is concerned, to the dorsal fin, since its function is to depress
that structure, but from its origin it is plainly comparable to the
series of myomeres of the lateral musculature.

The second portion is the largest, and is formed of that part of the
lateral muscle above the lateral line. Sepavated from its fellow
of the opposite side, posteriorly, by the supracarinales, it is in con-
tact with it anteriorly, and shows no division, into myomeres.
Posteriorly, however, the segmentation is distinct, especially towards
the lower edge, the distinctness vanishing anteriorly more rapidlyabove
than below. The myocommata are bent abraptly so as to form an
angle pointing backwards, and, accordingly, each myomere fits into
the succeeding one, a transverse section of the body cutting through
several. Anteriorly this portion is inserted into the supraoccipital
bone and spine, the exoccipital, epiotic and pterotic. Fibres also
pass to the upper surface of the plate formed by the transverse pro-
cesses of the 3rd and th vertebrae, and some of the more superior
ones are fastencd to the under surface of the plate of the dorsal fin.

The third portion lies immediately below the lateral line; it is
not perfeetly separable from the second portion, and still less so from
the fourth. Its fibres anteriorly run between the transverse processes
and ribs, and the myocommata from these, and posteriorly between
the myocommata from the hemal arches. In consequence of this the
plane of the myomere is curved anteriorly, being horizontal in its upper
portion where it is attached to the transverse processes, and vertical
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below where it extends between the ribs. Toward the anterior
vegion, where the ribs become shorter and finally vanish, this portion
diminishes in breadth, the most anterior fibres being few in number
and inserted into the under surface of the transvevse processes of the
2nd and 3rd vertebrw.

The fourih portion is broad anteriorly, diminishing rapidly
behin. Its tibres anteriorly extend between the lower extremi-
ties of the ribs and myocommata ; posteriorly between the corres-
ponding portions of the myocommata of the tail. The mycmeres
have a direction downwards and forwards, so that they are at an
angle with those of the third portion. Anteriorly and below the
portions of opposite sides are in contact, owing to the absence in that
region of the fifth portion, and form a broad, stout muscle, which
may be called the ‘great ventral muscle” The posterior fibres
vun directly forwards, those arising from the anterior shorter ribs
downwards as well, so that there is formed between the anterior
fibres of the third portion and those of the fourth a triangular
space, the base of which is formed by tho supraclavicle. 1lts floor
is formed by a dense membrane, immediately below which is the
swim-bladder. Anteriorly this portion is attached to the posterior
border of the clavicle and to the posterior portion of the lower sur-
face of the coracoid, so that, besides assisting portions two and three
in bending the body laterally. it acts as a retractor of the pectoral
arch. The median ventral portion is inserted by an aponeurosis into
the posterior cartilaginous arch of the pelvis, forming Owen’s pro-
tractor ischit, the more external fibres bending slightly outwards and
inserting into the posterior angle of the pelvic hone.

The fifth portion corresponds to Owen’s infracarinalis, and Cuvier's
muscle gréle inferieur du tronc. It consists of two portions separated
by the anal fin. The anterior moicty extends from the posterior
cartilaginous arch of the pelvis to the base of the anterior ray of the
anal fin. This Owen calls the retractor ischizi, from its function of
pulling the pelvis backwards after it has been drawn forwards by the
fourth portion; in addition to this it has also the power, when the
pelvis is fixed, of separating the rays of the anal tin. The posterior
half extends between the posterior ray of the anal fin and the caudal
fin, and draws the rays of the former backwards, aiding in their
separation. These portions arise, similarly to the supracarinalis,
from the extrewmities of the hemal arches.
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Dnervation.—The fibres of each myomere are, of course, supplied
by the spinal nerve corresponding to it segmentally. The supra-
carinales are supplied by branches from the rumus lateralis trigeming.
The museular mass immediately in front of the dorsal fin is supplied
by the dorsal branch of the fourth spinal, and the musculature
anterior to that is supplied by branches from the »wmn. lat. triy., with
which the rami dorsales . and 7. completely unite. The infra-
carinales are supplied by branches arising from a plexus formed by
the union of the ventral branches of certain spinal nerves.

VIL—=MUSCLES OF THE PECTORAL ARCH AND FIN.
Certain muscles belonging partly to this arch, but acting prinei-
pally on others, have already been described, as, for instance, the
hyopectoralis, and the pharyngo-hyoidel externus and internus. The
muscles here to be considered are those which act ..incipally on the
arch, and those which move the fin.  Of the former, the ¢ great ventral

mauscle, which acts as a retractor, has already been described.

1. Trarezivs.

This muscle arises from the posterior portion of the lower surface
of the pterotic, a few fibres also coming from the supraclavicle. It
passes downwards, expanding as it goes, and is inserted into the base
of the ascending portion of the clavicle, the more anterior fibres
passing into the dense fascia which forms the posterior wall of the
branchial cavity.

1nnervation.—Twigs from main branch of first spinal nerve.

dction.—It draws the pectoral arch upwards, and also makes
tense the fascia into which the anterior fibres are inserted.

In the forms described by Vetter this muscle does not apparently
occur, that named frapezius by him being merely the superticial
anterior portion of the dorsal trunk musculature, which extends
between the posterior surface of the skull and the post-temporal and
supra-clavicular bones The #rapezius as here defined corresponds
rather with that of the Zlusmobranchs. Stannius mentions its
accurrence i some T'eleosts.

Owing to the moditication of the anterior fin ray, whereby it can
be fixed, and only lowered after a certain amount of rotation, the

muscles which move it are different to a certain extent from those
24
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of other fishes. Owen describes them in Perce as forming a pair,
in two layers, on both the outer and inner sides of the antibrachio-
carpal base: and the fibres of one layer run obliquely in a different
direction from those of the other layer in both pairs of muscles.
"The outer pair abducts or protracts the fin, the inner pair adducts or
retracts it, sweeping it back into contact with the flank : the first
movement might be called ¢extension,’ the second, ¢ flexion.” The
muscles in dmiurus can be reduced to a similar plan.

9. ArDUCTOR SUPERFICIaLIS (No. 14, Cuv.; Superficial abductor, Ow.)

Consists of two portions, both lying in the groove on the under
surface of the horizontal (inner) portion of the clavicle, and covered
by the ventral musculature of the trunk. They pass over the bridge
formed by the process of the coracoid, which articulates with the
anterior ridge of the clavicle, and are inserted into the inferior! sur-
faces of the bases or' the rays. The anterior portion (Fig. 5, AbS')
is the smaller, and is partly concealed by the posterior. Tt arises
from the outer portion of the anterior ridge of the clavicle, and is
inserted into the inferior process of the base of the first ray. The
posterior portion (AbS?) avises from the posterior ridge and floor of
the groove, and is inserted by as many tendons into the bases of the
rays, except the first.

Innervation.—Supplied by a nerve arising from a branch which is
composed of fibres from the external branch of first spinal, and from
a branch from the united second and third spinal.

Action.—Abduct the fin. When the deep abductors are acting,
they will also separate the rays.

3. Ampuctok proruNDUS (No. 15, wuv.; Deep abductor, Ow.)
This is also divided into two portions, both of which, however,
are inscrted into the base of the first ray. The first (Figs. 5 and 6,
AbPY) lies below (i.e. dorsal to) the adbductor sup.. and arises from
the posterior surface of the anterior ridge of the clavicle and from
the floor of the groove. It passes below the bridge formed by the
coracoid, and is inserted with the second portion into the base of the
semi-circular process of the first ray. The second portion (Figs. 5
and 6, AbP*) arises from the upper (dorsal) surface of the coracoid

1The terms ‘inferior’ and ‘superior, ete., are applied to the parts as they are when the
fin is abducted, 1. ¢., extended at right angles to the body.
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plate, and from the under surface of the portion of the clavicle over-
lapping this. It passes below this overlapping portion of the clavicle,
in the channel between it and the coracoid, and uniting with the
first portion, is inserted with it.

[mnervation.—The sane as for the abd. supenrf.

Action.—This muscle abducts the first ray, and thus assists in
abducting the entire fin, but at the same time it gives to the first
ray the rotation which is necessary to complete its abduction and
fixation. This rotation is brought about by the muscle being in-
serted into the upper surface of the ray.

The position of the second portion of this muscle appears some-
what anomalous, inasmuch as it is appavently in the upper surface of
the arch, the «abd. superf., and even the other portion of the «bd.
prof., lying in its lower surface. An examination of the structure
of the arch explains the anomaly. The posterior portion of the arch
which unites with its fellow by suture is not the posterior portion of
the clavicle as it has been usually described, but is an enlargement
of the coracoid. Now this latter lies really on the inferior surface
of the arch, and therefore the upper surface of this enlargement is
applied to the under surface of the clavicle, and accordingly 2 muscle
lying upon its upper surface may yet lie on the under surface of the
clavicle. Though the two portions of the deep abductor are widely
separated at their origins, yet their union before insertion indicates
that they originally constituted one muscle, homologous with the
deep abductor of Perca.

4. ADDUCTOR SUPERFICIALIS.

Arises from the inner surface of the ascending porticn of the
clavicle and from the bridge-like spiculum of hone near its base ; the
deeper fibres arising from the radialia. It is inserted into the
superior surfaces of the bases of all the rays, except the first, dividing
into a separate tendon for each ray.

Innervation.—It is supplied by a branch from the combined second
and third spinal nerves.

Action.—Adducts the in. When the fin is abducted the rhythmi.
cal and successive actior and relaxation of the superficial abductors
and adductor will produce an undulatory movement of the fin.
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5. Abpuetor Proreyous, (No. 16, Cuv.)

This muscle (Fig. 5, AdP) lies below the ventral museulature. It
arises from the posterior portion of the lower surface of the coracoid,
extending inwards as far as the middle line. Tt passes below the
thin bridge-like spiculum of bone on clavicle, and is inserted into the
groove at the base of the semi-circular process at the hase of the first
ray.

Iunervation.—-Satne nerve that supplied abductors.

Action.—It draws the ray, and with it the entire fin, towards the
body. When the fin is abducted it acts obliquely on its point of in-
sertion, and accordingly gives the rotation necessary. to release the

ray from its fixation,

VIHL—MUSC LIS OF THE PELVIS AND PELVIC FIN.

The muscles which act on the pelvis have alveady been described in
connection with the trunk musculature. The posterior fibres of the
great ventral muscle and the portions of the infracarinales act as pro-
tractors and retractors of the pelvis.

The muscles which arise from the pelvis are those which move the
fin. These arc arranged in two liyers on the ventral and dorsal sur-
faces of the pelvis, those of one side being separated from those of
the other by a fibrous septum formed by a continuation backwards
of the fascia which separates the two halves of the gr.at ventral mus-
culature. The ventral muscles act as abductors, the dorsal as ad-

ductors.

1. Aspucror SupERFIciALIS PeLvis, (Fig. 7, AdS).

Avises from the thickened outer edge of the pelvis, and posteriorly
from the aponeurosis formed by the median fibres of the ventral
muscle (VA) and the septum between the muscles of opposite sides.
The outer fibres run almost directly backwards, the inner almost
directly outwards, the former being inserted into the base of the outer
ray, and the latter into that of the inner one, while the intermediate
fibres pass to the intermediate rays dividing imperfectly into separate
tendons.

Action.—Abducts (i.e., pulls downwards) the fin, and ulso separates

the rays.
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9. Appuctor ProFunpus PELvis.

This is seen on removing the preceding. It arises from the surface
of the pelvis and from the septum, and is inserted below the preced-
ing into the bases of the rays.

Action.— Assists the preceding in abduction but does not separate
the rays.

3. ABDUCTOR SupERFICIALIS PELVIS.

On cutting through the insertions of the ventral trunk muscles and
hending back or removing the pelvis, the dorsal muscles are exposed.
The superficial muscle does not cover the deep one as in the case of
its ventral equivalent, but is of a triangular shape, expanding as it
passes backwards and inwards to its insertion. It arises from the
thickened outer edge of the pelvis ; its outer fibres pass directly back-
wards, the inner ones backwards and inwards. It divides imper-
fectly into a number of tendons, one being inserted into the upper
surface of the base of each ray.

Action.—Adducts the fin. The onter fibres also help to separate
the rays.

4. Appucror Prorunnus PeLvis.

Lies to the inner side of the preceding. It arises from the dorsal
surface of the pelvis and from the septum. Its outer fibres are stout
and quickly become tendinous. passing under the superficial muscle,
the inner ones heing longer. Tt is inserted into the bases of the rays
below the add. superf.

Aetion.—Aids the superficial muscle and also tends to approxi-
mate the rays.

Innervation.—The musculature of the pelvic fin is supplied hy
branches arising from a plexus formed by the union of the rami vent.
spinales, X., xi., xii., xiii., and xiv. A plexus is first formed for the
supply of the ventral portion of the musculature, but other branches
are detached which form a similar plexus for the supply of the dorsal
muscles,

The avrangement of this portion of the inusculature of fmiurus
corresponds very closely with that described by Cuvier, Stannius,
&e., the only marked difference being the limitation in size of the
ald. superf., which in Perca seems to cover more pertectly the add.
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prof. Davidoff ! in Lis valuable papers on the pelvis and pelvic mus-
culature of fishes, treats the Zeleostei very summarily, merely stating
that the differences in musculature and innervation between the
Teleosts and Lepidosteus, or, more especially Amie, are quite unim-
portant. In comparing Amiurus with his descriptions of either of
the two forms mentioned, although the ground-plan is much thesame
yet the details are much simpler, it being impossible in dmiurus to
distinguish, ‘for instance, in the ventral musculature a pers media, or
in the abd. prof. a caput longum from a caput breve. The names em-
ployed above for these muscles indicate their equivalency with those
of the pectoral arch.

IX.—MUSCLES OF THE DORSAL FIN.

Owing to the modifications of the anterior rays of the dorsal fin in
Amiurus, their muscles are also moditied. Those of the five posterior
rays have a typical arrangement. The extrinsic muscles are two in
number, namely, the anterior superior fibres of the upper portion of
the lateral musculature, which pass from the supraoccipital to the
anterior portion of the plate which supports the defensive ray, and
will have little or no action in moving the fin, and the supracarinales
which will depress the rays.

Of the ¢nirinsic muscles there arve two to each ray, an erector and
a depressor. The typical arrangement of these may be seen in the
posterior five rays. In these each erector lies anterior to the depres-
sor, and arises from the posterior border of the interspinal of the pre-
ceding ray. The depressors arise from the anterior border of the in-
terspinal of the ray to which each belongs, and from the spinous pro-
cess of the vertebra which supports that ray; each crosses its
interspinal obliuely above so as to lie behind it. The erector is
inserted into the anterior and the depressor into the posterior surface
of the base of each ray.

Of the muscles of the next anterior ray, i.e., the fourth? the de-
pressor is normal in its relations, arising from the anterior surface of
the fourth interspinal and the extremity of the spinous process of the
sixth vertebra, and, crossing over the interspinal, is inserted into the

1 Davidof—DBeitr. zur vergl. Anat. der hinteren Gliedinasse der Fische, ii. Th. Morph. Jahrb.
vi., 1880.

S This will e the third apparent ray, the first having lost all its ray-like appearance. Sec
paper on Osteology.
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hase of the posterior surface of the ray. The erector loses however its
proper ovigin, arising instead from posterior edge of the horizontal
plate on which the defensive (3rd) ray rests.

The erector of the defensive or third ray lies in the interval be.
tween the second and third interspinulin. It arises from the pos-
terior edge of the first interspinal, the anterior edge of the second,
and from the posterior portion of the expanded process of the fourth
vertebra. It passes upwards and is inserted into the anterior surface
of the base of the ray. The depressor has also its origin much in-
creased. It arises from the sides of the third interspinal, from the
anterior surfuce of the fourth, and from the spinous process of the
fifth vertebra, and is inserted into the base of the anterior surface of
the ray.

The korse-shoe-shaped or second ray has also an erector and de-
pressor. The erector is small, and consists of a few fibres, which run
obliquely backwards from their origin from the under surface of the
anterior portion of the horizontal plate, and which, passing through
the foramen in this plate in company with the depressor, are inserted
into the antevior surface of the extremity of one of the limbs of the
ray. Lhe depressor is a much stouter muscle, arising from the base
and posterior surface of the anteriorly directed osseous process of the
fourth vertebra, which includes the spinous process of the third. It
passes upwards and backwards through the foramen in the anterior
portion of the horizontal plate behind the erector, and is inserted
into the extremity of the limb of the ray.

The muscles of the first ray are aborted.

Innervation.—Supplied by branches from the ramus lateralis
trigemini with which the B. dors. spinal. unite.

Action.—The action of the muscles of the posterior rays ave sufh-
ciently expressed by their names. With regard to those of the
second ray there is something to be said, since it is by these that the
fixation of the third ray is produced, and its depression permitted.
The depressor draws the horse-shoe-shaped ray downwards, so that it
slips over the smooth extremity of the interspinal, and its limbs
come into apposition with the flanges on the sides of the fourth
spinous process which encioses its interspinal. The third or defen-
sive ray 1is attached to the extremity of the second by ligament, so
that its depression will now be impossible. In other words, it is the
fixation of the second ray which causes the fixation of the third.
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Depression of the defensive ray is, of course, produced by its own
depressor ; but it is permitted by the action of the erector of the
second, which draws its ray upwards, setting it astride of its spinal
process, and releasing its limbs from their apposition with the fourth
spinous process, and so allowing of its depression. It is to be noticed
that the erection of the third and succeeding rays is accompanied or
succeeded by the contraction of the depressor of the second and
similarly their depression with the action of the second erector.

The abnormal relations of these museles can be explained by the
modifications of the parts. Those of the anterior ray, which is
almost unrecognizable and firmly fixed, are aborted. The interspinal
of the first ray having lost its original relations and become bent
upwards from its attachment to the spinous process of the third
vertebra until it les longitudinally, its muscles have lost their atta. h-
ment to it, and so the erector of the second which ought to arise from
its posterior snrface has transferred its attachment to the more solid
horizontal plate. The se.ond depressor ought to arise from the
anterior surface of the second interspinal, but the membrane bone
which develops round the fourth vertebra, growing in as it were
between the muscle and the interspinal, separates them, and the
muscle passes farther forwards on the plate until it reaches the base
of the anterior ascending process, thereby acquiring greater obliquity
of action. The erectors and depressors of the third ray have in part
their normal relations, but owing to the weight and ossification of
the ray they have to move, have become enlarged, and extended their
origin beyond the typical limits. The evector of the fourth ray has
been crowded out from its original insertion by the aggression of the
third depressor, and has become inserted into the horizontal plate
where its action is more forcible.

X.—MUSCLES OF THE ANAL FIN.

The infracarinales act to a certain extent upou the rays of the
anal fin. The portion named by Owen the *retractor ischii, is
inserted posteriorly into the base of the anterior ray, the posterior
portion is inserted into the base of the posterior ray. Thus, when
these act simultaneously, or even when one acts and the other vemains
fixed, the rays will be divaricated.
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ERECTORS AND DEPRESSORS.

"These are on the same plan as the muscles of the posterior rays of
the dorsal fin. The erectors arise from the interspinals supporting
the preceding ray and the hemal process (or fascia connecting the
heemal arches) of the corresponding vertebra. The depressors arise
from the interspinals supporting the rays to which they belong,
These muscles are concealed by the lateral trunk musecles, which
require to be pulled aside to expose them.

Innervation.—Supplied by branches from a longitudinal collecting
stem which form a plexus into which the ventral branches of spinal
nerves xix.—xxx. enter.

LATERAL MUSCLES.

These are not represented in the dorsal fin. They consist of a.
number of small muscles, one on each side for each ray, arising from
the fascia covering the outer surface of the lateral musculature, and
which, passing downwards and towards the median line, are inserted
into the lateral surfaces of the buses of the rays ventral to the inser-
tion of the erectors and depressors.

Innervation.—Supplied by a superficial plexus similar to that
which innervates the preceding muscles, and coming from the same
spinal nerves.

Action.—By the successive contractions of the muscles of one side
from before backwards, a corresponding relaxation of the opposing
muscle occurring at the samne time, the sinuous motion characteristic
of the anal fin is produced.

XIL.—MUSCLES OF TH£ CAUDAL FIN.

The muscles of the caudal fin are formed principally of the pos-
terior portions of the lateral muscles of the trunk. From the inter-
muscular septa of the last few myomeres a fascia (Fig. 8, f) is given
off, which is fastened posteriorly to the bases of the finrays. On
contraction of the myomeres, this fascia acts on the rays and draws
them either to one side or the other, as the case may be. The upper-
most and lowermost portions of the myocomma forming the posterior
boundary of the last myomere are prolonged into separate tendons
(Fig. 8, My' and My?) inserted into the abaxial' surface of the outer-

VThe terms abarxial and axial refer 1o the surfaces of the mys oking respectively away
from or towards the axis of the lndy.
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most two ov three rays above and below, and thus act as divaricators
of the rays.

A deep layer of muscle may be seen ou cutting through the attach-
ment of the fascin and reflecting the superficial muscles. It consists
of two portions separated by the vertebral column. Owing to the
direction taken by the terminal filunent of the notochord, the two
portions are unsymmetrical, that below the column being greater
than that above. The dorsal purtion (Fig. 9, d) consists of a single
muscle avising from,the spinous processes of the last two or three
vertebrwe, and passes almost directly backwards. Three or four
tendons begin near the origin of the muscle, and are inserted into
the bases of the upper three or four rays.

The ventrad portion is divisible into two parts. The upper (Fig.
9, v!) is a triangulu muscle, imperfectly separable into two parts
lying dorsal to the middle line. It arises by an expanded origin
from the broad surface of the fourth hwewal aveh below the noto-
chordal filament ; passing upwards and backwards it crosses the
dorsal portion hefore its insertion, and dividing into two long tendons
is inserted inte the asial surfaces of the two upper fin rays. It
pulls them downwards towards the middle line as well as laterally,
and thus acts as an opponent of the uppermost tendons of the super
ficial layer, and aids the intrinsic muscles.  The lower part forms a
broadly triangulur muscular mass (Fig. 9, v¥), the base resting on the
fin rays. It arises from the ¢ flossentriiger’ and the bodies and haemal
processes of the last two or threc vertebrw, the very lowest portions
arising from the extremities of the hamal processes of the fourth and
fifth vertebre (counting from behind) not reaching up to the centra.
Numerous tendons run along the muscle, as a rule one for each ray,
into the bases of which they are inserted. The lowermost portiors
are inserted into the rays imbedded in the adipose tissue, which are
not functionally parts of the fin. This part of the muscle aids the
superficial musculature, the lower fibres serving to approximate the
rays.

The intrinsic muscles (Fig. 8, It), lic immediately below the integu-
ment posteriorly to the attachment of the fascin. One muscle is sup
plied to each ray of the fin proper, none being inserted into the fins
in the adipose tissue. Each arises from the abaxial surface of a ray,
and is inserted into the axial surface of the next external (z.e., dorsal
or ventral, as the case may be,) to it. Certain of the fibres of each
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nascle do not arise from the succeeding axial ray but may be traced
across 1t and several others to the fascia near the axial line, so that,
viewed as a whole, their wrrangemeunt resembles that of a fan. The
central muscles above and below lic entirely on the axial suface of
the ray to which they are attached, and, since there is no median
impaived ray, their fibres arise from the fuscia between them and
partly also from the fascia of the superficial muscle. These intrinsic
muscles approximate the rays, being aided by the upper and lower
portions of the deep musculuture and opposing the upper and lower
portions of the superficial muscles.

Innervation.—The intrinsic uscles are supplied from a plexus
formed by ventral branches of spinal nerves xxxiil.-xli. The
muscles above the spinal cord ave supplied by branches from A. lat.
trigem., and from the small posterior R. dorsales spinales.

On comparing the myological characters of the head of a Zeleost
with those of a Selackian, the first point that strikes one is the ab-
sence in the former of the well-marked constrictors found superfici-
ally in the latter ; in other words, the dirvection of the muscle fibres
in the Teleosts appears to be more longitudinal than in the Selach-
ians, and therefore the myomeres more similar to those of the trunk.
It has been shown by Balfour and Gette that the musculature of the
head develops in exactly the same manner as that of the trunk, i.e,
from the primitive vertebrwe, and is, therefore, segmental in its ori-
gin, a myomere lying between the arches of each pair of vertebre of
which the heud is composed. In Amphioxus there is no differentia
tion of the myomeres, the musculature from the tail to the head con-
sisting of « series of similar myomeres separated by similar myocom-
mata', and therefore represents more closely the original type than
does the arrangement in either the Selachians or the Teleosts. Ac-
cordingly, the Teleosts would at fivst seem to present a more primi-
tive type than do the Selachians, but a closer investigation shows
this to be a mistake,

When one takes into consideration the presence of an osseous, and
therefore more or less immovable, cranial skeleton in the Teleosts,
the absence of the comstrictors is easily understood. But even then
one would suppose that in the more movable parts the constrictors

1 The ventral musculature of Amphiorus would interfere with this generalization were it not
that it mnust be considered as belonging to & difterent category from the trunk musculature.



349 PROCEEDINGS OF THE CANADIAN INSTITUTE.

would persist to a greater or less extent. And so indeed they have
done, In the Teleosts there are as representatives of the constrictors,
the intermandibularis, the add. and lev. are. pal., lev. and wld. opere.,
the transverst dorsales and ventreles of the branchial arches, the
interarcuales ventrales, ete. In these muscles the course of the fibres
is parallel to a plane at right angles to the axis of the body, and
they act more or less as constrictors of the parts to which they are
attached. The greater mass of the constrictors of the Selachians is
in relation to the branchial cavity. Where the parts about the
pharynx are comparatively elastic, constrictor muscles will be, of
course, of great use in diminishing that cavity, and so forcing the
water out through the gills; but when, on the other hand, the parts
become less movable through ossification, other arrangements for the
propulsion of the water appear. Membrane bones ave developed to
act as valves and protections to the gills, a portion of the constrictor
musculature persisting, attached to them, and the lessening of the
size of the pharyngeal cavity is produced by the elevation of certain
parts in the floor of the mouch, and only slightly by the approxima-
tion of the walls by constrictors. These latter, therefore, become
limited to certain parts, instead of forming a more or less unbroken
sheet over the branchial region.

Bearing in mind the fact that in the head there were originally a
number of myomeres, as represented by the head-cavities, which
have been specialized into a namber of distinct muscles; and thas
to a very large extent the muscle fibres have lost their original
dirvection, it is possible by means of the innervation to refer to their
respective myomeres the various muscles.

The Cranial Muscles.—Leaving ont of consideration the muscles
of the eyeball, which belong to a myomere or myomeres in front of
the mouth, the first muscle segment to be considered will be that
supplied by the fifth nerve. Belonging to this theve is. in the first
place, the add. mand., the fibves of which have, to a large extent, n
longitudinal direction, aud which extends between the mandibular
and hyoid arches. Reasoning from analogy one would have ex-
pected to find this muscle and those belonging to the smne myomere
extending between the first prieoral and the mandibular arches, but
we find them in reality lying superficially to certain wmuscles sup-
plied by the facial nerve. The development of the first preeoral (or
palatine) arch being in comparison with the succeeding ones so-
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limited, may explain the want of relation of the myomere to it, but
still one would expect to find the muscles in relation to parts situ-
ated near it, z.e., in front of the orbit. In the Selachians this is the
case ; the origin of the add. mand. is in these forms entirely in front
of the eye, and its action is essentially that of a constrictor. It seems
that there has been first of all & gradual passage backwards of the
origin of the add. mand., (and also of the other érigeminal muscles),
until in the Teleosts it has come to lie entively behind the orbit, and
that secondarily, there has been a downward growth of the muscle,
so that the fibres have extended on to the kyomandibular, &c., the
lowermost assuming a horizontul direction. The relations of the ori-
gin of the add. mand. in the Cyprinoids, Perca and Esoz, are in sup-
port of this supposition. Vetter has pointed out that the add. mand.
of the yprinoids is very much specialized, that of Perca slightly less
so, and that of Esox, to which dmiurus is most comparable in this
matter, more primitive than either ; and we find that in Esox, the
most primitive form, the muscle arises in part from the cranial bones,
(viz.,, the pterotic and sphenotic), whereas in the others the origin has
passed lower down. .

Why there should have been this passage backwards of the muscle
to behind the orbit, it is rather difticult to say. Perhaps an explana-
tion may be found in the fact that the muscle acts in the Teleosts
more or less as a retractor of the mouth parts, justifying in this
respect Owen’s designation of it as the retractor oris. If an upward
movement of the mandible were all that was required, the arrange-
ment which obtains in the Elasmobranchs would certainly be most
effective, wheveas, if retraction were also required, such a backward
progression would be necessary.

It may also be pointed out that since the muscle lies entirely
behind the eyeball, the size of that structure will necessarily assist
in determining the extent of the limitation of the origin to the
hyoid arch. In Amiurus where the eye is so very small, the origin
persists much further forward than in any of the other forms
examined, in all of which the eyeball is comparatively large.

The adductor mandibule of the Teleosts has been derived from a
constrictor muscle ; its velations to the hyoid arch have been produced
by a necessity for its action as a retractor oris; and the extent of its
departure from its original position ts partly determined by the size
of the eyeball.
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The nature of the add. tentaculi has alrendy been considered, it
being merely a separation of the deeper fibres of the add. mand.
The lev. wrc. pal. i8 plainly derived from a constrictor, but its
function has been changed by the development of osseous structures,
so that instead of assisting in the contraction of the pharyngeal
cavity, it enlarges it by raising the hyomandibular apparatus, ete.
The reason why a trigeminal muscle should act as the opponent of
muscles supplied by the seventh nerve, is that the forward growth
superficially of the hyoidean muscles was prevented by the presence
in primitive forms of the spiracle. The dil. operc. is evidently a
portion of the lev. arc. pal. adapted to the necessities of the opercular
apparatus. The incongruity between its action and its innervation
is even meore apparvent than in the lev. arc. pal., but is explicable in
the same way as Vetter has pointed out.

The intermandidularis is without doubt the representative of the
most anterior ventral portions of the Selachian constrictor. It is
supplied by both the fifth and the seventh nerve, and instead, there-
fore, of being assigned to the group of muscles supplied by the fifth
nerve, as Vetter has done, it must be considered as representing the
ventral portion of a constrictor layer lying between the palatine and
mandibular and the mandibular and hyoidean arches. The antevior
moiety of such a layer would be supplied by the fifth, and the pos-
terior by the seventh nerve. In the Teleosts this layer has con-
tracted in breadth very much, until it forms merely a narrow band
between the extremities of the mandibular arch, but, with the grad-
ual narrowing, there has been, so to speak, a corresponding lengthen-
ing out of the innervating branch from the fucialis and a shortening
of that from the trigeminus, so that even when limited to the mandi-
bular arch it still possesses its hyoidean nerve.

Just as all the muscles of the mandibular arch (i.e., those supplied
by the fifth nerve), are derived from a constrictor, so are all those of
the hyoid arch, (<.e., those supplied by the seventh nerve.) The add.
arc. pal. has apparently an abnormal position, extending between the
skull and the palatine, metapterygoid and hyomandibular, thus com-
ing into relation not only with the arches to which it belongs but also
with the archin front of it. The only explanation to be given for
this is that the muscle has extended its insertion forwards as neces-
sity required it. In Amiurus, owing to the necessity for motion of
the palatine for the purpose of erecting (abducting) the tentacle sup-

~ e - n o~
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porting maxilla, the muscle has extended farther forwards than in
any other Teleosts hitherto desceribed. The muscles are very mohile
structures, moditication heing in them more frequent and more com-
plete than in the nerves, &e.

The add. hyomand., ald. opere. and iev. opere., are all very closely
related, not only in position but also in innervation. They belonged
originally to the same constrictor luyer from which the «dd. are. pal.
developed, constituting the posterior part of it. The lev. operc. is a
specialization of the superticial fibres of the most posterior portion—
that portion from which also the add. operc. orviginated. These three
museles and the «dd. wrc. pel. ave comparable to the dorsal portion
of the constrictor of the Elasmobranchs; the geniohyoideus, hyohyoi-
deus and porticn of the' intermand. being comparable tu its ventral
portion.

The Branchial Muscles.—The muscles supplied by the glossophary-
ngeal and vagus ave small in bulk when compared with those already
discussed. In the Teleosts the muscles chiefly concerned in the re-
spiratory act are not those belonging strictly to the branchial but
those of the mandibular and hyoid arches. It i3 by means of these
that the cavity of the mouth is increased, and thus an inflow of water
produced, and it is by them also that the water is forced out below
the opercular apparatus, passing in its way over the branchial fila-
ments. Accordingly, we find the branchial muscles somewhat retro-
graded in bulk from the condition seen in the Elasmobranchs, and
this retrogression has been accompanied by a corresponding increase
in size and strength of the hyoidean and mandibular muscles.

I regret exceedingly that T cannot give details in regard to the
innervation of many of the muscles, but, nevertheless, there are
certain points which may be indicated. Most of the muscles of the
branchial arches may also be reduced to the constrictor type, however
much they may be modified. In the first place the lev. braach, are
evidently the superior portions of the constrictor musculature, as are
also the mm. trans. dors. and interarc. obl. dors. The Iatter have
been slightly diverted from their constrictor direction, but as their
name implies ave still somewhat oblique. The lateral portion of the
original constrictor has entirely aborted in Amiurus, though in certain
forms, as Fsox, muscles are found at the angles of the arches, i.e.,
where the upper limbs join the lower. No such muscles could,
however, be detected in A miwrus.
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The ventral muscles partly represent the ventral portions of the
constrictors, Certain of them retain their original trunsverse direc-
tion as the transv. vent. and the obliqui vent. The hyobranchiales
however, I feel disposed to consider as comparable to the ventral
musculature of the trunk, in which case they must be considered as
retaining for the greater part their original direction, the lateral
portions merging into the constrictor type. A reason for this sup-
position is the explanation it affords for the dissimilarities between
these muscles in varvious forms, and for the very evident relation
which exists between the obiiqui venl. and the slips from the
hyobranch.  As these points have already been treatod of in connec-
tion with the description of the latter muscles, it will not be neces-
sary to repeat them heve.

The absence of any similar longitudinal muscles in the preceding
arches points to the opposite view, but owing to the great changes
which these have undergone, they may have disappeared by a con-
tinuation of the process by which the #nfermandib. has hecome so
much reduced. Theve is u possibility that the gendohyold may repre-
sent this ventral musculature, but T am vather inclined to refer it to
the constrictor series.

With regard to the museulature of the head it may be concluded
that, in the theoretical ancestral type of the Tleleostel, it consisted of
two portions, a dorsal yreater one, constrictor in its nature, and «
ventral smuller one, the fibres of whick retained their original longi-
tudinal direction.

The Trunk Muscles.—The hyopectoralis by its innervation belongs
to the first, or rather to the first and second spinal segments, and is
referable to the longitudinal ventral portion of those segments. This
being the case its attachment to the hyoid is rather peculiar. One
would expect the musculature of the first spinal segment to be
attached anteriorly to the posterior surface of the last arch or
myocomma of the cranium. Between the hyoid and the first spinal
segment there are five arches, to the most posterior of which one
would expect to find the Ayopectoralis attached, or if it were con-
tinued further forward one would expect to find its anterior portions
supplied by branches from the ¢runc. dranch. vagi. This does not
geem to be the case here, nor does Vetter describe any such arrange-
ment in the forms he investigated. Probabiy along with the
increased development of the hyoid apparatus, and the greater or
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less retrogression of the branchial apparatus, there has been, pasrt
passu, an extension forwards of the Ayopectoralis.  The hyoid
apparatus virtually covers in the branchial arches, and the muscle
losing its attachment to the fifth branchial arch has eatended for-
wards and become attached to extremity of the hyoid, thus retaining,
of course, its original innervation.

The pharyngo-claviculares give a certain support to this idea. The
phar.-clav. int. appears to be composed of the most external fibres of
the ventral musculature of the first or first and second spinal seg-
ments. The innervation in dmiurus would assign it to the first seg-
ment only, but Vetter has described its innervation as being from
the first and second spinal nerves. In this case, then, we have a
muscle whose fibres run in the same direction as those of the Zyopec-
toralis, whose origin is the sume, and whose innervation is the same,
and which retains the insertion which one would assign to such a
muscle on theoretical grounds, and therefore indicates that a change
such as has been described above has tauken place in the hyopectoralis.

The pharyngo-clavicrlaris ext. comes from fibres slightly external
to the internus. Its innervation in Amiurus rvefers it to the first
spinal segment. Vetter, however, states its innervation to be from
the vagus. Theoretically one would certainly expect the innerva-
tion described for Amiurus, or even that described for the phar.-clav.
int. by Vetter. I am inclined to believe that the inuervation given
by Vetter for the eaxternus 1s & mistake, since in all its relations the
muscle belongs to the spinal segments.

The musculature of the trunk is divisible into a dorsal portion,
which is not however constrictor, and a ventral, of which the Ayopec-
toralis is the anterior portion and the hyobranchialis the anterior con
tinuation. The segmentation of the dorsal portion is very complete,
and the innervation of the segments by their proper spinal nerves is
throughout typical. The organs of locomotion have in certain places
brought about certain departures from the general regularity. The
fins, paired and unpaired, will be spoken of later. Just now atten-
tion is directed to the supra- and infracarincles. Concerning these
the points to be noted are the almost complete absence of any signs
of segmentation on the surface, while below it is very evident ; and,
secondly, the innervation. In both cases the innervation is practi-
cally a plexus. In the infracerinales, branches from the ventral
stems of certain spinal nerves unite to form a plexus by which the
muscle is supplied, and in the suprecarinales the E. lat. trigem. acts

25
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as a collector for branches from the dorsal stems.  The action of hoth
museles is on the fins, and the plexus is probably necessary to give
the various parts of the musele simultaneous contraction and so pro-
duce effective action on the dorsal, anal, or ventral fins. .

The Pectoral Fin Muscles.—In the Teleosts the muscles of the
pectoral fin have been described as consisting of two layers, an
abductor and an adductor layer, each being again separated into a
superficial and deep layer. At first sight the arrangement in
Amiwrus appears to depart somewhat widely from this type, but tur-
ther investigation shows that the departure from it is merely appar-
ent, the true relations of the muscles being obscured by the excessive
development of the coracoid, whercby one portion of the «bductor
profundus appears to lie on a different surface of the arch from the
other portion. The explanation of this has alve uly been given in
connection with the description of the muscle.  With regurd to the
innervation of these muscles it is found that, as in higher animals,
th e is n well marked plexus, consisting of the first three spinal
nerves. Following out the line of argument hitherto adopted, what
conclusion is veached?  Simply tiat the pectoral fin, or at any rate
its musculature, is derived from three myomeres. It does not appear
that this conclusion can be escaped.  Dohrn, on embryological
grounds, comes to the same conclusion,! i.e., that the pectoral is
formed by the accrescence of several segments. This 1s, of course,
in direct opposition to the Gegenbaurian theory, which secs now to
have received its quietus, having been founded on the structure of
the fin in an exceptionally modified form, and not representing in the
least the original features.

Ancther fauct may be hore pointed out. The muscles of the fin all
lie on the external, inferior or posterior surface of the pectoral arch.
This would tend to indicate that the arvch, or a part of it, is of the
nature of a rib, or is formed by the union of several rib-ike struc-
tures. The mamner in which certain muscles are inserted into it,
and others take their origin from it, supports this theery. Perhaps,
with Gegenbaur, one can after all, though in a different sense, refer

- the pectoral girdle to the type of a branchial or similar arch, consid-
ering the arches of the other segments of which the fin is composed
-either to have united with this one or to have entirely aborted.

The Pelvic Fin Muscles.—Similar remarks apply to the pelvic fin.

3 Dohrn.—MNitth aus d. Zvol. Station zu Neaple, Vel V., 1834,
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A greater number of segments (5) appear, however, to enter int- its
composition. It may be pointed out shat the direction of the 1. is
not exactly similar to that of the pectoral fin, which is more normal
in this regard.  One may suppose, however, that the absence of «
true pelvic arch has something to do with this. If one imagines a
partially aborted pectoral arch in the normal position, with the me-
tapterygials, etc., directed somewhat backwards, one would have an
intermediate stage between what obtains in the pectoral and pelvie
fins of the Teleosts.

The Dorsal e Muscles.—The innervation of the erectores and
depressores of the dorsal fin is similar to that for the suprecarinales,
2.e., the ram. lal. trigem. acts as a collector for the dorsal branches of
the spinal nerves, and gives off' branches to the muscles. 1t would
seem, from the relations of these muscles, and also from their inner-
vation, that they wre serially homologous with the supracarinales.
Dohrn’s views! on the subject of the impaired fius receives confirma-
tion from the paired nature of the muscles, and still more from the
fact that a blood-vessel passes horizontally along through the hase of
each ray, the ray splitting readily upwards from this channel, point-
ing to a coalescence of two parts, one on either side of the middle
line, in the formation of the fin.

The Anal Fin Muscles.—With vegard to the erectores and depres-
sores of this fin, the remarks made on those of the fin just described
apply equally well.  They are really serially homologous with the
wfracarinales. The Iateral muscles of the anal fin are, however, of
an entirely different nature. Their innervation is from a superficial
plexus similar to that supplying the erectores and depressores. The
muscles lie completely outside the fascia covering the lateral muscles
of the trunk, and the plexus which supplies them is peculiar in being
in a simii>r manner superficial and formed from a plexus. The pro-
bability is that the muscles are dermal in their nature, and that the
plexus is a secondary one, produced from the deeper plexus already
present as the muscles gradually developed from the dermal tissue.

The Caudal IFin Muscles.—These are nearly all modified portions
of the lateral musculature of the trunk. The intrinsic muscles are
not, however, but must probably be referred to the class of dermal
muscles. The innervation of the dorsal portions of the fin and of the
anterior continuation of that dorsal portion is interesting in showing
the relations of these parts to the dorsal and adipose fins.

1 Dohra.—Loc. cil.
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The various systems of muscles have now been considered, and it
merely remains to give tables indicating the general relations of the
various systems to each other and referring the various muscles to
their proper segments. The muscles or their represeniatives belong-
ing to pre-mandibular arches, I will not include in the table, as they
have not been considered in the preceding pages. The first table
indicates the relations of the cranial muscles, the second those of the
muscles of the trunk, including under that term all the body posterior
to the head. .

MUSCLES OF THE HEAD.

NERves., Donsal, CONSTRICTOR MUSCLES. VENTRAL LoNGITUDINAL MUSCLES.

Adductor mandibulx, Add. tentaculi, ) Wantine
Levator arcus palatini, Dilatator opereuli. § ng.

V. & VII. Intermandibularis.

{ Adductor arcis palatini, Add. hyomandib., 1

Add. operculi, Levator opereuli, Wanting.

VII.
Geniohyoideus, Hyohyoirdeus,

Levatores branchiales, Museuli transversi 1
{ dorsalgs, Interarcuales obliqui dorsales, Hyobranchialis.

IX. & X. u
Transversi ventrales, Obliqui ventrales.

MUSCLES OF THE TRUNK.

LaTtERAL PoRTION,

NERVES. Donsat. Portiox. (Upper & Lower Division). | VENTRAL PorTioN
Trapezius ({) Hyopectorali
13 Wanting ‘ Muscles of the pectoral fin. Phary’n 'I:)~‘c:l:::;c:xsl:1res.
4 8. 3 Lateral musculature, Ventral musculature,
y {(anterior part). (anterior part).

e - - . o em—

Vertral musculature,

1 ¢ Muscles of the dorsal fin.f  Muscles of Pelvic fin. (posterior part).
3-30 | Supracarinales, Lateral musculature, (’,Ig{;‘g:)‘;";g:s’
anterior portion). dis . A y
(anterior portion) (median part) Mauscles of Anal fin (except
the lateral muscles.
" Supracarinales, Lateral muscalature, Infracarinales,
30-End (%chtcx?nr ‘Emrltwn)f. s (1t»ostcnr2§- por},ion). . (posterior portio;x).
rsal muscles of reater portion of muscles | Lower
Caudal fin. of Caudal fin, nus&c‘s of Caudal

DERssaL MUSCLES.
Lateral muscles of Anal fin, and the intrinsic muscles of Caudal,
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As regards the frapexius, I cannot state positively whether it
gshould come in the first or second column of the table, and with
regard to how far the muscles oz the dorsal region immediately
behind the skull correspond to the supracarinales and muscles of the
dorsal fin, I am equally uncertain. It is probable that the muscles
corresponding to these portions have, in the anterior spinal region,
completely disappeared, in consequence of the specialization of the
anterior vertebree. The fact that the erector of the second spine of
the dorsal fin is attached to the base of the fourth spinous process,
and this on its part is united with the posterior wall of the skull
closing in above the other vertebrez, seems to favour this view.

GuELPE, June 3rd, 1884.
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ON THE
NERVOUS SYSTEM AND SENSE ORGANS
OF AMIURUS.

BY PROF. k. RAMSAY WRIGHT, TORONTO.

[Read before the Canadian Institute, January the 12th, 1554.)

In the course of the investigations, the results of which are de-
tailed in the following pages, some features in connection with the
nervous system and sens: organs of Amiurus appeared to me of
special interest.  These have been elaborated ab the expense of other
points whicl: would prove no doubt equally worthy of closer exami-
nation, but which did not at first sight appear so promising as fields
of enquiry. The treatment is cousequently not monographical,
although for the sake of completeness a shovt account has been in-
serted of some structures which have not been subjected to special
study.

Of the sense organs, the olfactory does not appear to be either
more or less developed than is usual in Teleosts. The eyes on the
other hand are extremely small, a condition which is compensated
for by the exquisite development of tactile sensibility on the head and
especially on the barblets. The latter serve to inerease the range of
the tactile sense ; especially is this the case with those which are cax-
ried on the ends of the modified superior maxillary bones, for their
muscular connections enable them to be swept freely at the sides of
the head. Also, the auditory organ and the sense organs lodged in
the canals of the lateral line and head are well developed, and the
former is connected with the air-bladder in such a manner as to indi-
cate functional relationships of the highest importance.

The importance of these sense-organs is sufficiently indicated by the
large size of the nerves distributed to them, and the central conmnee-
tions of the latter naturally determine many peculiarities in the
architecture of the central nervous system. Considerable space is
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therefore devoted to the origin and distribution of the trigeminus
group and to the auditory apparatus. The following order is observed
in the description of the various parts :—

L Central nervous system,

II. Peripheral nervous system.
III. Sense organs.

I. CENTRAL NERVOUS SYSTEM.
A—THE BRAIN. )
As in most other Teleosts the cranial cavity of Amiwrus is by no

means filled up by the brain, which is surrounded by a large quan-
tity of areolar connective tissue rich in vessels and fut. This tissue is
continued backwards into the neural canal and into the cavities in
which the semicirculir canals are lodged, to which, and indeed to the
whole auditory labyrinth, the tissue acts as ¢ perilymph.’

The recent observations of Mayser! and Rabl-Riickhard? have con-
firmed Stieda’s interpretation of the various parts of the Teleost
brain, and are thus entively” opposed to the views expressed by
Fritsch in his “ Untersuchungen iiber den feineren Bau des Fisch-
gehirns.”  As was to be expected from: the aflinity of the Siluroils
to the Cyprinoids, I have found Mayser’s researches, which are
chiefly based on the latter group, of the greatest service in studying
the brain of Amiures. The points in which that genus differs from
Cyprinws T shall call attention to in the course of my description
My observations have, however, not been extended to the study of
the tiner structure of the brain, and the sections figured are vather
intended to complete the topographical description than to furnish un
exhaustive account of the nerve-fibre tracts.

Owing to the abundant perilymphatic tissue it is easy to remove
the roof of the brain case without injuring the brain. The appear-
ance of the organ when so exposed is represented in Fig. 13, Pl. 1.
In front we have the so-called cerebral kemispheres (C11) which after
the brain has been hardened appear to be two solid masses separated
by a longitudinal medial groove, but which in the recent condition
are seen to be two oval thickenings in the Hoor of a sac whose roof
and walls are extremely thin and transparent, and whose cavity is the
veniriculus communis of the secondary forchrain, prosencephalon. In
comparison with many other Teleostean forms the cerebral hemis-
pheres of Amiurus arc of large size. From the ventral surface of

’Zcit'. wiss. Zool. XXXVI. 2 Arch. Anat. Phys. 1852-3,
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each, in front of the hilus where the vessels for the fore-brain enter,
arises the long slender olfactory tract (Fig. 14). With its neighbour
it runs along the floor of the brain case near the middle line till it
reaches the olfactory love which lies directly against the nasal sac, so
that the numerous olfactory nerves are cxtremely short. It is only
recently that Rabl-Riickhard has pointed out that each olfactory tract
and lobe is a hollow outgrowth of the secondary fore-brain, carrying
with it a process of the ventriculus communis. Each tract instead
of being a solid cord is in fact a tube, the roof and sides of which
are extremely thin, while the fioor is so thickened as nearly to fill
the cavity of the tube. In young specimens where the olfactory tract
is extremely short and the olfactory lobe still lies close to the cerebral
hemispheres it is easy enough to demonstrate this, but it becomes
more difficult to do so in the adult, when the tracts have become
much clongated.

From the dorsal aspect it is impossible to see anything of the
primary forebrain or thelamencephalon, for both it and the medial por-
tion of the roof of the midbrain are covered by the great impair
cerebellum (CB), which, in fact, partly overlaps the cerebral hemi-
spheres. At each side of the cerebellum, however, are to be seen
the lateral parts of the midbrain, the optic lobes (L0), which in
accordance with the small size of the eyes are themselves very small.
Behind these the cerebellum is continuous by its postero-lateral angles
with the tubercule acustica, which ave themselves joined behind the
cerebellum by a bridge of gray matter which roofs over the fourth
ventricle in front of the trigeminal lobes. The great size of the
cerebellum, its direction forwards so as to overlap the forebrain, and
the great size of the tubercula wcustica ave prominent peculiarities of
the brain of Amiurus. In accordance with the great size of the
fifth and vagus nerves, the lobes of the medulla oblongata i which
these take origin are proportionately large. They project from the
floor of the fourth ventricle, so as to leave mereiy an irregular
sagittal slit in place of the usual rhomboidal groove. Of the two
pairs of lobes, the anterior or trigeminal (LI7) are the larger, and
onc of them not uncommonly projects beyond the middle line so as
to encroach on that of the other side. No fusion ever takes place,
as is the case with the Cyprinoids, so that there is always the slit-like
fourth ventricle between the trigeminal lobes of Amiurus, whereas
in the Cyprinoids they are coalesced into one lobus tmpar. The
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vagus lobes are never so large as the trigeminal ; the slit between
them is always wider, and no encroachment beyond the middle line
is observable. The slit becomes shallower posteriorly and does not
in the postericr planes of the origin of the second root of the vagus
extend down to the central cansl of the cord. This region is that of
the commissura cerebri infima of Haller, where the posterior columns
of the medulla are divaricuted from each other so as to leave a wide
V-shaped slit on section, which, however, does not extend to the
central canal. The posterior boundary of this slit may be regarded
as the point of passage of the medulla oblongata into the spinal cord,
a point which is indicated by no marked constriction, for immediately
behind the vagus lobes the brain tapers off yuite gradually into the
cord.

From the ventral aspect various other parts of the brain may be
seen. (Fig. 14.) The ventral surface of the cerebral hemispheres
is marked by the formation of a lateral lobe which gives on trans-
verse section the outline represented in Fig. 18, P1. V. Immediately
behind the cerebral hemispheres is the crossing of the optic nerves,
which can be followed in the form of the optic tracts towards the
optic lobes. Behind the optic chiasma is the commissure transverse
of Haller; the latter structure lies on the anterior part of the floor
of the primary forebrain or thalamencephalon. We shall see after-
wards that the roof of this part of the brain is extremely short from
before backwards; its floor on the other hand is extraordinarily
developed, for not only is there the large tuber cimerewin with the
hypophysis connected with it, but also the large lobi inferiores (L1)
and the saccus vesculosus enclosed between the posterior tips of
these, all of which structures contain prolongations from the third
ventricle.

Owing to the small size of the optic lobes these are barely visible
from the ventral aspect, and the floor of the nidbrain being chiefly
developed into the swellings, toré semicirculares, which nearly fill up
the optic lobes, is practically excluded from the basal uspect of the
brain. The ganglion interpedunculare (Fig. 7, Pl. V.) represents the
boundary between the midbrain and oblongata.

The points of origin of most of the cranial nerves can be studied
from the ventral aspect. Those of the olfactory and optic tracts
have already been referred to above. The third nerve (oculomotorius)
leaves the base of the midbrain just in front of the posterior tip of
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the lobus inferior which must he raised to see its point of emergence.
Further up on the lateral aspect of the brain, immediately behind the
optic lobe, emerges the fourth nerve (trocklearis). and the posterior
tip of the optic lobe must be pushed forwards to see its precise point
of emergence.

The sixth nerve {abducens) leaves the medulla oblongata by two
slender strands on each side which take their origin near the ventral
longitudinal fissure. All of these nerves after leaving the brain
associate themselves with the trigeminus group in a way which neces-
sitates the description of their further course with that nerve,

The trigeminus group not only includes the fifth nerve, but also
the seventh. The motor root of the latter is quite distinet from the
trigeminal roots, emerging as it does in front of the auditory nerve,
and immediately directing itself forward to join the trigeminal com-
plex. (Fig. 15, P1 1) Formerly this motor root was considered
to be the only representative of the facial, but first Balfour detected
in embryo Selachians a dorsal root taking its course through the
orbit, and more recently van Wijhe discovered the part which the
R. dorsalis VII. plays in the formation of the rumus ophthalmicus
superficialis. In the adult Awmiwrus it is impossible to isolate any
R. dorsalis VII. from the neighbouring roots of the trigeminus,
and I shall consequently only describe the motor root as V. VI/.,
referring to the others as acustic roots of the trigeminal complex ws
they take origin from the tuberculum acusticum.

Curicusly Friant has committed the mistake' of according solely
to these branches (R. buccalis and ophthalmicus superficialis) the
name of seventh nerve, and of supposing that their destination is
“animer tous les muscles sous-cutanés ou peauciers de la face ainsi
que ceux qui entourent Porifice nasal”! He describes the proper
motor facial as R. Ayoideo-mandibularis of the trigeminus.

In studying the roots of the trigeminal complex after the ganglion
has been detached from the brain, Fig. 16, Pl I., the two principal
roots ave readily seen separated by a white band which stretches foi-
wards from the root of the auditory nerve. The upper and more
posterior of these, the dorsal geniculated root of the trigeminus
(V. V., gen. dors.), can be followed at once into the trigeminal lobe,
the lower, which is somewhat anterior in position and considerably

1 Recherches anatomiques sur les nerfs Trijumeau ct Facial des poissons osseux. Nancy
1879. . 84.
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more slender, extends transversely inwards into the medulla oblongata,
and also backwards into the spinal cord. It includes the transyerse
and ascending roots of the trigeminus (N, V., asc. ¢ trans.). Inaddi-
tion to these three other more superficial roots enter the ganglionic
complex, and their points of origin can be seen without dissection.
Fig. 15, PL. I. One of these has been already referred to as the
motor root of the seventh (V. VII), the others, which take origin
high up from beneath the crest of the tuberculum acusiicum, arc
what I have referred to as acustic roots of the trigeminus.

It is desirable at this stage to examine the branches which leave
the trigeminal cumplex, and then to study the mode in which the
various roots contribute to the formation of these. .

Fxamining the ganglionic complex i situ from the medial aspect
(Fig. 17, PL. L), the strong Ramus lateralis V. is seen ascending
obliquely backwards to the toramen through which it escapes in the
occipital region. From the dorsal edge, various other dorsal branches
arise, some extremely slender (6), which may only reach the mem-
branes, or penetrate into the skull, others, the Ramus oticus (R. ot.},
and Ramus ophthalmicus superficialis (R. o. s.), are of greater im.
portance. The course of the former! is outwards and upwards to its
foramen in the sphenotic, o1 the latter forwards to its foramen above
that, through which the larger Ramus ophthalmicus profusndus
escapes. The latter nerve carries with it on its medial aspect the
trochlearis, but entively within its sheath, so that it (. 7V.) can
only be recognized in sections of the complex by its broad fibres
contrasting with the narrow fibres of the ophthalmicus, Cutting
across the . ophthalmicus profundus the slender ciliary nerve, £.
ciharis, is seen to issue behind and outside it by a distinct foramen.
The rest of the trigeminal group emerges by three distinct apertures,
which are frequently not entirely surrounded by bone, but merely
separated by bony spicules. They are for the infero-medial strand,
the supero-lateral strand and the facialis. The two latter frequently
issue together, but there may be a separating spicule of bone. I
have selected the expressions infero-medial and supero-lateral strands
for the bulk of the trigeminus group, because it is only after emer-
gence through the skull, that the rearrangement into R. maxillaris,
mandibularis, &e., takes place.

$Fur the selection of this name fur the dorsal branch in question, v. Van Wiile:—
“Qver het Visceraalskelet en de Zenuven van den Kop der Ganoiden.”  Leiden, 1880, p. 25.
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With the infero-medial strand (ZM.) issue the third and sixth
nerves, the former being merely loosely attached to its medial aspect,
the latter within its sheath along the ventral edge. With the
supero-lateral strand issues the ramus duccalis, but in a separate
sheath.

Of the branches mentioned, the R. buccalis, oticus, and ophthal-
micus superficialis, can be traced directly to the roots from the tuber-
culum acusticum ; their fibres are for the most part extremely broad,
similar to those which form the auditory nerve, but some fine fibres
are received from the dorsal geniculated root. To the latter arve
traceable for the most part the R. laferalis and ophthalmicus, as
well as the infero-medial strand, while the supero-lateral strand is
formed in great part by the broad motor fibres of the ascending and
transverse root. (. V., asc. et trans.). The two principal roots thus
assume a different relative position in the complex to what they
have on emergence, immediately after which, indeed, they cross. It
is to be understood that neither the infero-medial nor sapero-lateral
strands are exclusively formed of fibres coming from one of the
principal roots, but only chiefly so. The facialis, again, as it emerges
from its foramen, although it contains all the broad fibres (13 )
which emerge as the motor root of the seventh, has also acquired
fibres from the tuberculum acusticum (10 ) and others of narrower
diameter from the ganglionic complex, so that, although chiefly sup-
plying the muscles of the palatine arches, the operculum and the
hyoidean apparatus, it serves also as a path for fibres of different
destiny.

The auditory nerve (N. VIII., Figs. 14, 15 and 16, Pl. 1) leaves
the tuberculum acusticum on a level with the motor root of the
facial, and just behind that. Above it those fibres from the tuber-
culum acusticum which are destined for the vagus group, form a
white band coursing backwards immediately under the crest of the
tuberculum. (Fig. 3, PL. V.). Almost immediately after its origin
the auditory nerve divides into the shell-like ramus anterior, and the
more cord-like ramus posterior, and indeed the cords of the latter,
and the division between the anterior and posterior branches, may be
carried very nearly up to the point of emergence from the brain.
The fibres of the ramus posterior would seem to emerge somewhat
higher thaw those of the ramus anterior. (Fig. 15, Pl 1)
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The Vagus Group.—~This group of nerves escapes from the brain
in two parts (Fig. 15, PL. 1), anterior and posterior, vagus I. and
II. The former is chiefly derived from the anterior planes of the
vagus lobes, the latter from the posterior. With the former are
associated the broad nerve fibres from the tuberculum acusticum
referred to as the acustic root of the vagus group. (ZR. wc. vag. 1.)
Certain very slender motor roots, with a pronounced ineclination
backwards, join the two parts of the vagus group from the lower
surface of the oblongata. One of these alone is connected with the
glossopharyngeus after its separation from the antevior part, while
two or three join the posterior part.

From the anterior part is detached the comparatively slender
glossopharyngeus nerve, which escapes from the skull by a separate
small aperture in front of the foramen for the vagus proper, and im-
mediately expands into a large ganglion trunci (G. 1.Y.) The rest of
the vagus group, formed of the whole of the posterior part (Vag. 11.)
as well as of the greater portion of the anterior part (Vag. I.) escapes
through an independent foramen, and then forms the large ganglionic
complex (G. X.) from which the various branches of the vagus group
are derived.

As springing from the oblongata within the cranial cavity may be
mentioned the 1st spinal nerve, which does so by two distinct roots
escaping through the oceipital region in the same horizontal plane as
the osseous roof of the cavum sinus imparis.

Reserving for separate description the course of the cranial nerves
outside the brain case, I proceed to consider certain points as to the
structure of the brain, which the diagrams on Plate V. will serve to
elucidate.

The section represented in Fig. 1 is through the vagus lobes of the
oblongata near their posterior border, and in fact through the com-
missura, cerebri infima of Haller. It may be compared with Fig. 22,
Taf. XVI. of Mayser's paper, but it will be observed that the vagus
lobes are not so widely divaricated from each other in Amiurus as in
Cyprinus.  The sensory root of vagus IT. has a direction somewhat
dorsal as it escapes, so that in horizontal sections of young fish trans-
verse sections of this part of the root are met with above the level of
its emergence from the oblongata (Fig. 11, P IV.) In other re-
spects the architecture is wonderfully alike. The ventral bundles of
longitudinal fibres are subdivided on each side into two compartments



30 PROCEEDINGS OF THE CANADIAN INSTITUTE.

by the commissure accessorie of Mauthuer, and the extremely broad
‘tibres of Mauthner’ are found in the upper compartments. At
cither side of the central canal is the nucleus of one of the motor
roots of the second part of the vagus, and on either side of the ven-
tral Jongitudinal fibres the nucleus of the first spinal nerve.

Fig. 2 vepresents a section passing through the anterior part of the
vagus lobes, and through the orvigin of the first pavt of the vagus.
Those tibres which join the nerve from the tuderculum acusticum are
cut sransversely, and are seen above the eighth nerve in the next
figure. The sensory vagus fibres avise chiefly from the periphery of
the lobe, while fibres which originate near the wall of the fourth
ventricle colleet themselves into a strong bundle, reinforced by simi-
larly originating fibres from the trigeminal lobe (Fig. 3) and are thence
to be traced forwards into the cerebellum as the secondary vago-
trigeminal tract of Mayser. (Szc. V. 7) This strong fasciculus lics
immediately below the ascendiug voots of the fifth nerve. The fourth
ventricle is slit-like in section, except where it becomes somewhat
wider above where its roof is formed ounly by ependyma and pia.
The slit-like section is retained excapt where encroached on by the
trigeminal lobes, until it becomes opened out immediately in front of
these (Fig. 4) to be closed again by the commissuro of grey matter
which joins the twbercula acustice (Fig. 5). These ganglia e
further connected by fibres which decussate below the floor of the
fourth ventricle. (Figs. 3 and 4).

From the various parts of the tuberculum fihves converge to form
the auditory nerve (. VZII1), but it also receives a contingent from
a nucleus lying below the secondary vago-trigeminal fasciculus.

The whole of the trigeminal lobe serves to give origin to the sen-
sory fibres of the fifth nerve which form the powerful ¢ dorsal genicu-
lated root,” trending outwards in Fig. 4. In the same plane the motor
fibres of the fuciulis (V. VIL.) escape, partly derived from a nucleus
represented in the figure, but largely composed of a strand which
stretches outwards, forwards and downwards from the floor of the
fourth ventricle. It may be recognized in transverse section in
Fig. 3, before it has begun to assume the course above named.

Fig. 5 illustrates a section passing through the trigeminal roots.
The fibres derived from the tuberculum acusticum are most superficial,
the ascending and transverse fibres most anterior and ventral ; the
change of position which the latter undergo with regard to the dorsal

o O or e+ T~ e

<~



SENSE ORGANS OF AMIURLUS 361

geniculated root is represented in Fig. . In Figs. 4 and J the
patches of ganglion-cells lateral to the ventral columns are the nuclei
for the anterior and posterior roots of the sixth nerve.

From the floor of the fonrth ventricle vessels (v) ave distributed
up the sides of the vagus and trigeminal lobes as well as up the
posterior face of the luminated bridge of grey matter joining the
tubercule acustica (com. tub. ac.)

This appears to give place gradually to the cortex of the cerebel-
lum without again exposing the fourth ventricle, the root of which is
thus formed in the posterior part of this region by the cerebellar
cortex, (Fig. 6), which is, however, gradually encroached on by the
moleeular layer until it is confined to the peviphery. (Fig. 7).

Two great transverse ventral commissural systems arve readily seen
in sagittal sections of the brain, one behind, the other in front of the
ganglion interpedunculare ; the former of these which appears to be
equivalent to the fibres marked pons waroli () by Mayser, is repre-
sented in Fig. 6. Tt appears to be much more developed than the
similar system in Cyprinus. The latter is the commissura unsulata ;
its postevior bundles are those which stretch towards the ganglios
wmterpedunculare, (Fig. 7), its antervior form the base of the brain
immediately behind its junction with the lobus inferior (Fig. 8).
Between the planes represented in Figs. 6 and 7, the fourth ventricle
gradually becomes slit-like in section, its wall being formed of
vertical fibres which connect the outer part of the ¢ Ucbergangs-
ganglion’ of Mayser, (‘ transitionary,’ because, according to Mayser's
coneeption, it is situated partly in the hind and partly in the mid-
brain) with the molecular layer of the cerebellum. The slit-like sec-
tion of the ventricle is soon altered by the decussations of fibres in
this region, by which a dorsal part is separated off belonging to the
cerebellum (Figs. 7 and 8). Most posteriorly is the decussation of
the secondary vago-trigeminal fasciculi, some fibres of which are re-
presented approaching the middle line in Fig. 7.

Fig. 7 is from a plane immediately behind the optic lobes, the tip
of one of which is just caught in the section figured, with the
fourth nerve emerging below and behind it. The nucleus of that
nerve is in a more anterior plane (Fig. 8), as well as its decussation
between the valvula cerebelli and the ventricle. Fromjthe plane re-
presented in Fig. 8, as far as that in Fig. 11, the valvula cerebells is to
be met with, cortical substance at first predominating, but afterwards
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giving place to moiccular substance especially near the ventricle,
(Figs. 9 and 10).  Itis much simpler in its form than the valvwde of
the Cyvprinoids, as may be judged from the sections: its anterior
tip Iving between the tort longitudinales is formed solely of cortex.

One of the most characteristic features of the brain of Admiurus is
the forward growth of the cerebellum itself. Becoming independent
of the valvula in a plane hetween those represented on Figs. 8 and 9,
it projects forwards as far as the plane of the commissure anterior
(Fig. 19).  Tn its free part which thus overlies the roof of the mid-
Lrain as well as the thin roofs of the intermediate and fore-brain,.the
molecular substance is always completely invested Ly cortex.

The great development of the hind-brain of Amirarus is associated
with a com]mmtively small mid-brain, which only reaches the free
surface in the form of the optic lobes. Itis easy cnough to deter-
mine the boundary between mid-brain and thalamencephalon ; it is
formed by the fusion of the fori longitudinales with the commissure
posterior.  Mayser selects, with other authors, the decussation of the
fourth nerves as the boundary between mid- and hind-brain. The
boundary between the parts formed from the second and third
cerebral vesicles is more difficult to determine in the adult, owing to
the manner in which the valvnle cerebelli is projected forwards into
the mesocoele (ventricle of the mid-brain), but it is to be understood
that the lateral cornua of the mesocoele (ventricles of the optic lobes),
[V1.0], and consequently their walls, which form the lateral parts of
the mid-brain, are to be found both in front of (Fig. 14) and behind
(Fig. 8), the aquaductus Sylvic and its walls, which constitute the
central part of the mid-brain. The lateral walls and roofs of the
ventricles of the optic lobes are everywhere formed by the éecia optica,
while the medial walls and floors are formed by the tori semiciren-
lures. Penetrating the ventricles and thus effecting a union between
the tori semicirculares and tecla optice ave the radiating ¢ Stabkranz’
fibres.  (Radiatio thalami of Fritsch.) A comparison of Figs. 8 to
14 will show the course of the tori longitudinales. At first havdly
projecting into the internal and upper angles of the ventricles of the
optic lokes, they gradually become more prominent. In the more
posterior planes separated widely by the valvule cerebelli, they con-
verge till, at the plane of the commissura posterior, (Fig. 13), they
are almost in contact. Immediately behind that the central part of
the roof of the mid-brain is formed simply of transverse fibres trace-
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able chiefly into the outer layers of the fectu optica. The mode in
which the fusion of the tori, both with each other and the commissura
posterior, is effected at the anterior boundary of the aqueediuctus
Sylvii, is represented in Fig. 14, where their fibres are seen to descend
with those of the posterior commissure into the optic thalami.

At this point the ventricles of the optic lobes die out, and the third
ventricle is alone present in frontal sections. In the plane repre-
sented in Fig. 15, its cavity is prolonged upwards into a diverticu~
lum, the origin of the epiphysis, which makes its way outwards
through the roof (Fig. 16) to terminate in the adipose tissue above
the roof of the ventriculus commanis in the plane of the commissura
antertor. No prolongation into the cranium such as has been de-
scribed especially by Cattie!, occurs here, and the wall is quite simi-
lar, histologically, to the roof of the wentriculus communis. TImmedi-
ately in front of the diverticulum of the epiphysis the molecules of
the ganglic habenule make their appearance (Figs. 16 and 17); the
fibves which collect themselves into the bundles of Meynert soon
gronp themselves into a cylindrical form, and are to be seen on either
side close to the walls of the third ventricle at successively lower
points (J.B., Figs. 14, 13, 12), till they eventually distribute them-
selves, breaking through the strands of the commissura ansulatu, to
the ganglion interpedunculase.

Owing to the fuct that the plane which represents the boundary
of the primary fore-brain and mid-brain is an extremely oblique one,
extending from the gunglic hubenule above, downwards and back-
wards to the ganglion interpedunculars, the third ventricle and the ven-
tricle of the mid-brain (mesococle) are to be met with in communi-
cavion with each other in the same frontal planes (Fig. 11.) In this
region the infundibulum communicates below with the hypophysis,
and from the ventricle two prolongations (VLI ) are sent into the
lobi inferiores, a shorter inforior cornu, and a longer superior and
antevior one, which meet each other at one point, thus partly cut-
ting off from the rest of the lobus inferior a somewhat cylindrical
lobule. Backwards, the cavity of the infundibulum becomes folded,
and is continuous with that of the saccus vasculosus, where all the
nervons matter has disappeared with the exception of two cornua
somewhat crescentic in section (Fig. 8), round which densely.staining
molecules are grouped. )

1 Archives de Binlogic  Tome I1
26
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The wmost powerful of the ventral commissural systems is, no
doubt, that of the commissura transversn Halleri, which is situated
for the most part in front of the ganglia habenule, although part of
it is represented, receiving contingents from the inferior lobes and
optic thalami, in Fig. 17. In Fig. 15, other commissural fibres are
scen higher up on a level with the peduncular strands, these appear
to belong to the commissura horizontalis of TFritsch.

“Figs. 18, 19, 20. vepresent sections through different planes of the
fore-brain, and confirm the views of Stieda and Rabl-Riickhard. that
the secondary fore-brain is not formed of two solid masses as generally
described, but that these—the lobi anteriores or corebral hemi-
spheres-—are nothing but raised ganglia developed in the floor of a
great impair ventricle, the wventriculus communis, the anterior out-
growth of the thivd ventricle. Hach lobus anterior may be described
as formed of a medial and lateral part. The latter becomes especially
distinet behind (Fig. 18), and indeed its tip (CH L), Fig. 17, projects
further back than the boundary between the secondary and primary
fore-brain.  Within the medial part of the lobus anterior, near its
junction with the lateral, are situated the peduncular strands. 1In
front of the commissura transverse the fissure of the wentriculus
communts separating the antevior lobes extends so deep as to leave
in parts very little to connect them, but ependyina and pia. The
optic tracts, however, soon replace the commissura transversa, and
bind the ventral surfaces of the anterior lobes together. (Fig. 18.)
In front of this where the optic chiasma merely rests on the ventral
surface of the brain, the lobes are joined by the commissure anterior.
In its posterior planes this is formed of fibres of two different
characters, which give place in front to the ordinary grey matter of
the anterior lobes.  Still further forwards where the olfactory tracts
are given off (Fig. 20), the lobes are widely separated, and lie free
within the cavity of the ventriculus commaunis, except for a small
place on the ventral surface of the olfactory tracts. This attachment
persists in front, where the ventriculus communis has heen sub-
divided into the ventricles of the olfactory tracts as described above.

B.—THE SPINAL CORD.
I have not devoted any special study to the spinal cord. Sections
in the anterior region resemble in the arrangement of grey and white
matter the condition in Silurus as figured by Stieda.! A gradual

1 Zcit. wiss. Zool. XVIIL., Pl I, Fig. 4.
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tapering may be observed till the upturned portion of the notochord
is reached where the cord suddenly loses its cylindrical form and
dilates into a pyramidal swelling. This is, no doubt, owing to the
greater size of the ventral as compared with the dorsal columns in
this region where two pairs of powerful ventral roots are given off
Lehind the last dorsal roots.

II. PERIPHERAL NERVOUS SYSTIEM.

The intracranial course of the cranial nerves has been deseribed
at page 355. It remains to follow them to their terminations out-
side the skull. Nothing further need be said with regard to the
olfactorius and opticus.

Owing to the small size of the eyes, the dissection of the motor
nerves of the eyeball is a matter of some difliculty, which may
account for the fact that I have not been able to find any trace of
an oculomotor or ciliary ganglion, although I have examined the
whole of the third and ciliary nerves within the orbit for that pur-
pose.

In the course of passing through the skull the third nerve leaves
the infero-medial strand of the trigeminus, to enter a special eanal in
its course to the orbit which it reaches between the 2. ophthalmicus
profuniius and the R. ciliaris. It divides immediately into the
superior and inferior divisions, the former of which runs at once to
the rectus superior while the latter crosses obliquely over the rectus
inferior and medius, supplying them, to end by the long branch in the
obliquus inferior.

In dissecting from the floor of the mouth, (Figs. 1, 2, 3, PLIV.) the
rectus externus has to be reflected to expose the inferior division of the
third taking this course.

The trocklearis accompanies the £. ophthalmicus profundus into the
orbit and leaves it there about the middle of its course to pass
obliquely forwards and outwards to end in the obliguus superior. 1In
its course there, certain fibres from the ophthalmicus may be asso-
ciated with it (FFigs. 4, PL. IV.) which end in the fat near the superior
oblique muscle.

The obducens also leaves the ventral edge of the inferc-medial
sirand, and crosses to accompany the third into the orbit’; this it
does apparently in the saume sheath, although it may ibe readily
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separated from it, and is always lateral to it in position. It immedi-
ately enters the rectus ewternus on the posterior margin of that
muscle.

BRANCHES OF THE TRIGEMINUS GROUP.

The ramus lateralis trigemini leaves the skull by the foramen in.
the supmoccipital, and courses backwards near the middle line be-
tween the lateral musculature, and that of the interspinous bones.
1t is reinforced immediately after leaving the skull by the important
dorsal lmanches of the first, second and third spinal nerves, and acts
as a collector for slenderer branches from all the other rami dorsales.
(Figs. 6, 14, 15, PlL IV,

The ramus oticus emerges from its foramen in the sphenotic and
supplies the mucous canal running backwards and forwards from this
point. ‘Two short cutancous branches penetrate vertically the adduc-
tor mandibule near its dorsal line of origin for the skin overlying
that, and a larger posterior branch runs through the fibres of the
adductor mandibule to become superficial over the levator operculi.
The mucous canal in the preoperculum is supplied in its upper part
by a descending branch, which runs underneath the adductor mandi-
bule, and on the surface of the dilutator operculi to become super-
ficial at the posterior edge of the former muscle. The ramus oticus
thus contains ordinary sensory fibres in addition to those destined for

the mucous canals.

The ramus ophthalmicus superficiulis emerges from the skull
through a canal which is considerably larger than, and lies dorsally
from that through which the &. opht. profundus emerges. It gains
the orbit immediately under the osscous roof of which it lies, and
escapes from it on to the upper surface of the skull through a foramen
above that through which the profundus passes. In its course to the
mucous canals in the neighbourhood of the nasal sacs it crosses super-
ficially to the outside of the profundus, but does not communicate
with it. In the orbit it is separated from the grofundus by the
origin of the dilatator operculi.

The ramus ophthalmicus profundus follows the course implied
avove through the orbit, gives oft' a slender branch to join the ramus
ciliaris, another to the skin and fat in froné of the eye and along the
outer border of the nasal sac. Immediately after reaching the upper
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surfuce of the skull a strong branch enters the nasal barblet, and
the vest passes toward the middle line, a branch being given off along
the medial border of the nasal sac as far as the extremity of the snout.
(Fig. 4, PL.IV.)

The remus ciliaris takes origin from the ophthalmicus after that
nerve has separated from the trigeminal complex, but within the
cranial cavity, and partly also from the supero-lateral strand. It
-escapes into the orbit by a foramen lateral to that for the . ophthal-
micns profondus. Tts branches there are partly represented in
Fig. 3, PL. IV.

The ramus buccalis emerges through the sume foramen as the
supero-lateral strand, but in a separate sheath. At its origin from
the trigeminal complex it is very closely connected with the ramaus
ophthalmicus superficialis, although it contains fibres other than those
derived from the tuberculum acusticum. 1In dissecting the ramus
mazillo-mandibularis from the upper sarface after reflection of the
eye, the ramus buccalis is found on the surface of that nerve. Asit
courses forwards it divides into two branches, of which the deeper
and more medial accompanies the ramus maxillaris to the sub-
cutaneous tissue below and outside the nasal sac, and the lateral and
more superficial is destined for the infraorbital mucous camal. A
cntaneous branch becomes superficial at the posterior inferior angle
of the orbit (Fig. 3, Pl. IV.), and afterwards commuuicates with a
cutaneous branch of the facial below the edge of the «wdductor man-
dibulee.

The remaining branches of the fifth proper arve formed from the
supero-Jateral and infero-medial strands after they have emerged
from the skull. The mode in which this is effected may be seen
from Fig. 1, Pl. IV which represents a dissection from the roof of the
mouth.

Ramus cutancus palatinus.-~This small branch is derived from
the infero-medini strand just after its escape. It ramifies in the
mucous membrane of the roof of the mouth aver the M. adductor
wrens palatind, but also sends a branch backwards to the mucous
membrane lining the gill-cover, and covering the adductores hyoman-
dibularis and opercul.

Ramus palatinus.—This is w large branch of the infero-medial
strand which runs forwards between the adductor wreus palating and
the skull, being fattened between the ligamentous attachment of
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this muscle to the parasphenoid and that bone. Here it detaches «
superficial branch for the mucous membrane over the entoptergyoid,
and then penetrates the Heshy anterior part of the wdductor arcus
palating where it forms two branches. The more medial of these is
stronger and more superficial in the substance of the muscle, but
both end in the premaxillary teeth and the mucons membrane of the
lips and anterior part of the roof of the mouth.

Ramus ad. m. alductorem mundibule.—"This strong branch is
derived from the supero-lateral strand immediately on its emergence
from the skull, soon gains the dorsal aspect of the retractor muscle
of the maxillary barblet which it supplies, and then distributes itself
in the fleshy mass of the adductor manddule after giving oft’ a super-
ficial branch. This (Fig. 3, PL IV.) contains fibres for the leralor
arcus palatint and déilatator operculi, and also furnishes a cutaneous
branch which communicates with a similar branch of the facial
crossing the surface of the adductor mandibulce.

The mode in which the fir. mazillaris and mendibularis are formed
by the redistribution of the fibres of the supero-lateral and infero~
medial strands is shown in Fig. 1, PLIV. Each nerve contains cle-
ments from both strands.

Ramus maxillaris.—This branch is considerably smaller than the
L. mandibularis, owing, no doubt, in part to the reduction and con-
version of the superior maxillary bones. It is accompanied by the
ramus bucealis as far as the hinder end of the palate bone where it
divides into medial and lateral branches. The former turns over the
dorsal surface of the palute bone, and ends in the luceral premaxillary
tecth and the neighbouring skin, while the latter, after detaching
some cutaneous branches, passes between the split tendon of the
retractor muscle of the maxillary barblet and divides into two
branches for the anterior and posterior aspects of the barblet.

Ramus mandibularis.—The two constituent strands may remain
separate while the nerve gains the dorsal aspect of the retractor
muscle of the maxillary barblet. Here it gives off a branch which
accompanies the tendon of that muscle to the posterior aspect of the
barblet, and then divides into the external and internal branches.
The former, . cxternus is given off at the anterior border of the
insertion of the adductor mandibule, and passes along the external
edge of the lower lip communicating with a fine cutaneous branch
of the facial which accompanies it at a somewhat lower level. The
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ramus inferaus gains the inmer aspect of the jaw where the R
ecternus is given off, and after passing under a cartilaginous loop
ends in the mandibular barblets, teeth and mucous membrane, as
well as in the intermandibular muscle which it helps to supply along
with a motor filament from the facial.

Facialis.—The mucous membrane lining the gill-cover has to be
removed to expose the facial in its passage from its foramen of exit
from the skull to its point of entry into the hyomandibular canal.
In the exposed part it gives oft (1) a ramus operculuris which runs
backwards to the adductores hyomuandibularis and operculi, and (2)
a remus ad M. adduet. arc. pulatine which curves forwards round
the posterior edge of that muscle, passes through the muscular sub-
stance supplying it, and then enters the anterior part of the muscle
where it is situated more superticially, and is joined by a branch of
the ramus pelatinons V. While in the hyomandibular canal a few
branches escape to the muscles of the branchiostegal rays, and to the
mucous mewmbrane there. On escaping from the hyomandibular
canal a stout ramus externus is given ofi' which courses along the
lower edge of the wlductor mandibule to communicate with the r.
ext. mandibularis as described above. In its cowrse several small
cutaneous filaments are detached, two of which effect communication
with branches of the fifth emerging under the edge of the levator
arcus palatini.

The remainder of the seventh passes along the posterior border of
the ceratohyal, and then into the fbres of the geniohyoid and inter-
mandibular muscles.

Glossopharyngeus.---1 have already described this nerve as rar as
the formation of its ganglion. From this the nerve runs forward in
contact with the skull and medial to all the levatores branchicrum, the
most anterior of which it supplies. Before being distributed to the
first branchial arch it gives a filament to the wedge of fat and con-
nective tissue between the pharyngobranchials and the adductor arcus
palating.

Vagus. —From the large ganglionic plexus in which lobes can be dis-
tinguished belonging to the different trunks (Fig. 13, PL IV.) the
trunci branchicles vagi are given off.  The first and second trunks come
off together, and are somewhat slenderer than the third and fourth.
With the fifth come off the branches to the contractile palate and
behind it a truncus intestinalis. Between tr. branch. /11. and IV.
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an independent branch arises for the oblique dorsal musculature of
the gill arches, which is, however, in part supplied by & branch of
tr. branch. IV.

Directly behind the most posterior of the levatores branchiarum,
and separated by it from the nerves in front, the ramus lateralis
vugt originates from its subdivision of the ganglionic complex. Tt is
at first parallel in its direction to the transverse portion of the
supraclavicle, but afterwards crosses it (Fig. 14, Pl. I'V.) and becomes
superficial over the air-bladder and behind the ascending process of
the supraclavicle. Here it gives off its branch in the course of the
accessory lateral line which can be traced along the line of junction
of the ventral and lateral musculature as far as the line of attach-
ment of the superficial muscles of the anal fin (Fig. 6, Pi. 1.), while
the stem is continued backwards in the line between the dorsal and
ventral parts of the lateral musculature. Whether as Mayser asserts
for Cyprinus the fibres of the ramus lateralis are those which I have
named radiec acusticus vagi 1., T have been unable to demonstrate in
Amdurus, but the fact that the mucous canals of the head are sup-
plied by fibres from the tuberculum acusticem would lead one to con-
clude that the same is true of those of the trunk.

SPINAL NERVES.

Of these there are forty-one pairs, of which the first emerge
through the exoccipitals, the more anterior of those which follow
by separate apertures for the dorsal and ventral roots through the
arches of the corresponding vertebra (e. g., the 7th pair through the
arch of the 6th vertebra) and the more posterior through notches on
the posterior borders of the arches, which are closed into foramina by
articulating processes from the succeeding vertebrz.

The second and third spinal nerves have no foramina, for owing to
the modification of the anterior vertebrse in connection with the
auditory organ, the wall of the neural canal is membranous in that
region. The dorsal and ventral root of the second are further apart
from each other than those of the third, but they emerge very close
to these, much closer than their points of origin from the spinal cord
would indicate. (Fig. 8, Pl. IV., and Figs. 2and 3, Pl VI.) This
backward position of the points of emergence of the roots of the
second nerve is to be explained by the formation of that diverticulum
of the dura mater known as the atrium sinus imperis and the alteration
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of the arch of the first vertebra in contact with it. The fourth nerve
is, however, guite normal in its emergence, escaping through the arch
of the third vertebra towards its union with the arch of the fourth.
Further particulars as to the neural canal in this region are to be
found under the description of the auditory organ. There also the
nature of the saccus paravertebralis is described in which the ganglia
of the first four spinal nerves lie,

The ventral branches of the first four nerves go to form the
brachial plexus, according to the diagram, Fig. 5, PL.IV. The dorsal
branches, especially of the second and third, are of large size, and join
the ramus lateralis V., as already described. As the ventral branches
of the gsecond and third pass outwards towards the plexus, they are
extremely close together and may lie in the same sheath in a groove
between the ventral edges of the strong anterior part of the fourth
tranverse process (Fig. 13, P1. IV.) and the transverse process of the
supraclavicle. The ventral branch of the fourth is much slenderer,
~nd after escaping from the neural canal gains the posterior aspect of
the part of the fourth transverse process referred to.

After the ventral branch of the first nerve leaves the saccus para-
vertebralis, it rests on the trapezius muscle which it supplies, and
then divides into medial and lateral branches. The former (1 Fig.
3), is intended for the pharyngo-clavicular muscles, the latter
reinforced by a branch from the second nerve is destined for the
supply of the abductor muscles and the deep adductor. (2 and 3,
Fig. 5).

The remainder of the second nerve joins the third; the superficial
adductor is supplied from this junction, a slender cutaneous filament
courses to the skin in front of the fin, and a large nerve enters the
defensive spine of the fin. The fourth nerve assistsin the supply of
the superficial adductor, it sends a delicate filament to the skin below
the fin, and is distributed also to the upper part of the ventral mus-
culature there. Fig. 5 also represents the method in which the
following myotomes are supplied by the fifth, sixth and seventh
nerves, and the nature of the communications between these. The
ventral branch of the fifth runs down the intermuscular septum
between the third and fourth myotomes of the ventral musculature
and the following nerves conduct themselves similarly, supplying
<hiefly the myotomes in front of them.
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Five nerves (the teunth, cleventh, twelfth, thirteenth and four-
teenth) enter into the supply of the musculatuve of the ventral fin,
branches tor the superficinl muscles forming an iudependent plexus
from thay into which the branches for the deep muscle enter.

A general scheme for the move posterior nerves is represented in
Fig. 6, PL. IV., in which the rami dorsules ave seen to furnish branches
for the R. lateralis V. as well as branches for the interspinous muscles,
Bach R. ventralis, as described by Stannius, crosses over an inter-
muscular septum into the followinz myotome, where the branches
(Hme) for the ventral parts of the lateral musculature ave given off,
and then all are connected by two longitudinal cords (like nervi col-
lectores) from the nodal points of which the branches for the deep
(Lmp) and for the superficial musculature (Ams) of the anal and
caudal fins are derived. The infracarinal muscles are supplied by
nerves which are apparently homodynamous with those going to the
superficial musculature of the fins.

The nineteenth to the thirty-third remd ventrales take part in the
innervation of the anal fin, while the caudal tin receives the succeed-
ing nerves, of which the two last pairs consist only of very strong
ventral branches corresponding to the terminal swelling of the up-
turned tip of the spinal cord.

SYMPATHETIC NERVOUS SYSTEM.

1 bave not devoted any attention to the sympathetic system ; a
thorough study of it, especially in its relations to the somewhat
puzzling suprarenal capsules of the Teleosts, would no doubt yield
facts of much interest.

The most readily-detected ganglia are to be found on the sides of
the body of the first vertebra, giving off there branches with the
branches of the aorta, as well as the ganglionated cord backwards
along each of those vessels. Two branches of large size pass for-
wards and downwards under the branchial veins and are joined by a
transverse commissure under che basioccipital. Thence the anterior
communicating branches to the ganglia of the vagus and trigeminus
groups pass forwards.

1II. ORGANS OF SPECIAL SENSE.
Although my detailed observations have been confined to what is

unquestionably the point of highest interest in connection with the
sense organs—the relationship of the air-bladder to the auditory
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labyrinth—1T prefix, for the sake of completeness, a few particulars
as to the olfactory organ and eye.

With vespect to the former, Amiwrus differ very slightly from
Silurus glants.  Like most Teleosts the nasal sacs communicate with
the outside by two apertures, which are separated by the whole of
the length of the voof of the sac, as much as 12 mm. in specimens
of moderate size. The anterior aperture is somewhat oblique and
prolonged into a short tube of 2 mm. in diameter, while the poste-
rior. twice as wide, is overhung by the nasal barblet which originates
immediately in front of it. In connection with the roof of the sac are
both the nasal and adnasal or antorbital bones. The apertures arve
situated in the same sagittal plane, but after the removal of the roof,
it is evident that the sacs themselves converge backwards. (Fig. 12
PL. 10 A high epithelium clothes the roof and the posterior part of
the floor of the sac. The rest of the floor is elevated into the
Schneiderian folds which are disposed on either side of a median
raphe.  On each side of the raphe there are fifteen to sixteen
of these arvanged in a somewhat fan-like fashion. Immediately be-
hind and underneath the folds is the olfactory bulb from which
the short nerve fibres distribute themselves to the neuro-epith-
elium,

The small size of the eye in dmiurus renders it a somewhat un-
favorable sulject for investigation. As far as concerns the disposi-
tion of the muscles of the eye, the retrobulbar tissue and the coats
of the optic nerve, I have not observed anything departing from the
normal condition of affairs. The sclevotic coat is destitute of bone.
is entirely fibrous in the neighbourhood of the entrance of the optic
nerve, but becomes cartilaginous forwards until it passes into the
substantia propria cornec. A comparvatively thick layer of subcon-
junetival tissue separates this from the external epithelium.

T have not satisfied myself of the presence of any rudiment of the
chorioideal gland ; but the existence of a rudimentary pseudobranchia
renders worthy of more careful investigation the distribution in the
eyeof the arteria ophthalmict magna. The argentea is well developed,
especially in the iris, but there is no tepetum. Like Adnguille, which
Amiurus further resembles in the small size of the eye, the pigmen-
tary epithelium of the retina is extremely thick, as much so as the
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rest of the retina, but unlike 4nguille there are no retinal vessels,
So far as I have observed the lens; its capsule, campanula Halleri and
processus falciformis offer no exceptional features.

AUDITORY ORGAN.

In many respects the labyrinth of Amiurus resembles that of the
‘Cyprinoids. The pars superior and inferior are equally widely sepa-
rated, and while the connecting narrow but thick-walled ductus sac-
culo-utricularis is very distinet, the pars inferior lies largely behind
the pars superior. The latter is especially distinguished by the large
size of the recessus utriculi, and of the contained macula and otolith
(lapillus), Fig. 9, PL. 1. Unlike the pars inferior it lies comparatively
free in the cranial cavity, except for certain parts of the semi-circular
canals. The wall of the skull opposite the fovea rec. utr. is extremely
thin, but over against the thin-walled ufriculus is much thicker
Where the durtus sacculo-utricularis opens into the pars inferior, the
latter also looks freely into the cranial cavity. At this point the
JSovew sacculi, which are hollowed out on the upper surface of the
basi-occipital bone, are separated from each other by a median crest,
somewhat wider anteriorly, where the anterior tips of the sacculi
(processes of Comparetti)' diverge forwards into swmall recesses of the
prootics. To this crest the wall of the labyrinth is attached, as repre-
sented in Figs. 8and 9, P1. VL.; the relationship toit of the posterior
branches of the auditory nerve is seen from the same figures. Fur-
ther back the fover are separated by the median cavum sinus im-
paris ; whose floor is hollowed out in the basi-occipital, but whose
walls and roof are furnished by the ex-occipitals. The relationship
of these cavities may be gathered from Fig. 15, Pl IV., which repre-
sents a frontal section through the head of a young fish of 3-4 ctm,,
and from the figures on Plate VI. It will be seen that the ex-occipi-
tals also form the lateral wall and roof of each fovea sacculi, and that
especially the lagence cochlewe are lodged in these bones.

Figs. 9 and 10, PL 1, represent the medial and lateral aspects of the
labyrinth. The relative position of the legena cochlee, and sacerlrs,
and of the contained maculee acustice, may be better seen from Fig. 1,
Pl. IV. The otoliths which rest on the macule acustice of the
recessus utricult, lagena cochlew, and sacculus respectively, and which

— —_— e .- e

1 Hasse :—Auatomische Studien 1., 592,
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are designated lapillus, asteriscus and sagitie, ave vepresented X six
diameters in Figs. 18, 17, 16, PL. IV,

As will be seen from Fig. 11, PL I., the inferior parts of the
labyrinth of both sides are neurest to each other where the ductus
sacculo-ntricnlares open into them. TIn front and behind that plane
they diverge from each other, but where they are nearest are con-
nected by a short, thin-walled, transverse ductus endolymphaticus,
which sends back a pyriform thin-walled saccus endclymphaticus (sinus
impar) into the cavm sinus imparis, but by no means filling up the
cevum. (Figs. 7 and 8, Pl. VI.) The horizontal section, Fig. 13, Pl
1V., passes through the ductus. T find no macule ecustica in either
ductus ov sinus endolymphaticus, such as described by Nusbaum' and
figared by him? for Cyprinus. The horizontal series from which Fig.
13 is taken is quite perfect, and although the small macule acustice
neglectee are easily enough detected, no trace of any thickened neuro-
epithelinm exists in the parts referred to, nor does any Lranch of the
cochlear nerve reach them.

The mode of branching of the auditory nerve is indicated in Fig.
10, Pl. I. It presents no difference from the scheme propounded by
Retzius.® As alveady mentioned, the anterior division which, imme-
diately after its origin, spreads itself out in a shell-like fashion, arises
somewhat lower from the tuberculum acusticum than the posterior.
It furnishes branches to the marule acustica recessus wiricult, crista
acustica ampullee sagittalis, and criste acustice ampulle horizontalis
The cords of the posterior division may be separated nearly up to
their origin ; of these the most anterior in origin and ventral in
position is destined for the macule wcustice swcculi, the next is for
the pupille acustice lagence cochlee, and the highest and wmost pos-
terior in origin, as well as the most dorsal in its backward course, is
fov the crista acustica ampulle frontalis. The latter slender cord,
which furnishes a twig to the macwule «custice neglectee, may be
coalesced with the foregoing for some distance after leaving the
brain. I have not noticed the maculw neglectz in the fresh adult
labyrinth, but they are very plain although of small size on opposite
sides of the basal part of the utriculus in the horizontal series

1Zoo0l. Anzeiger IV., 552

3 Relations of the Auditory organ and Air-bladder in the Cyprinoids (Polish) Leinberg, 1883.
T. IV., Fig. 19.

3 Arch. Anat. Phys. 1880, p. 240.
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referved to above, and in the preparations from which the figures on
Pl. VI. are taken. Fig. 8, Pl. L. represents the medial macula
neglecta from one of the horizontal sections.

ON THE RELATIONSHIP BETWEEN THE AIR-BLADDER AND
THE AUDITORY LABYRINTH.

E. H. Weber, in his treatise ¢ De aure animalivm aquatilium’ first
made known the fact that the Cyprinoids and Siluroids are character-
ized by a remarkable communication between the aunditory labyrinth
and the air-bladder, which is effected by a chain of hones named by
him stapes, incus and malleus after analogy with the auditory ossicles
in the mammalia. It was soon ascertained that this chain of bones
represents certain altered constituents of the anterior vertebra, but
the procise morphology of the parts involved was first ascertained hy
Baudelot,! and afterwards by Nusbaum (L ¢.) for the Cyprinoids.
Weber's interpretation of the number of vertebre concerned in
Silurus is even further from the truth than his account of the parts
in Cyprinus, owing to the more intimate conlescence of certain of the
altercd vertebrae.?

These it will be convenient to deseribe in the fivst place.  The sixth
vertebra resembles in all respects those which immediately follow it.
It is the fivst rib-bearing vertebra, the ribs being articulated to the
extremities of the costiferous pedicles or ¢ Basal-Stiimpfe.”  The
vertebre in front have only structures homodynamous with the basal
pedicles ; they are generally spoken of as transverse processes. In
front of the sixth all the vertebra are coaleseed in the adule.  Of
these the fifth is the most independent, espeeially as regaurds its neu-
ral arch, and spinous and transverse processes, but its body, which
resembles those in front of it and differs from that of the sixth in
having a deep ventral furrow for the aorta (nortic canal). is completely
fused with that of the fonrth. The suture may srill he evident on
the outside (Fig. 7, Pl. IV.), although generally concealed by mem-
brane bone deposited in connection with the air-bladder here, but
can always be seen on vertical section (Fig. 8, PL. IV.) The second,
third and fonrth vertebral centra are completely fused in the adult.
The neural canal over them is i continuous tube of membrane bone,
the ossification of which originates near the rudimentary cartilaginous

1 Comptes Rendus, 1868, p. 330.
3 Sce my preluninary note on this subject. Zool. Anz. VII., 248,
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neural arches of the third and fourth vertebra in the young. (See the
borizontal section, Fig. 12, PL IV.)  The tube is perforated near its
posterior margin by the roots of the fifth nerve, not far from its
anterior margin by the roots of the fourth. and its anterior margin
has two notches which correspond to the roots of tho third nerve.
That part of the tube which intervenes between the third and
fourth nerves represents, therefore, the third newral arch; that
between the fourth and fifth nerves the fourth neural avch. The
second neural arch, apart from its cartilaginous rudiment, is entirvely
membranous in the adult.  lmmediately behind the point of emer-
genge of the fourth nerve the tube expands into the fourth transverse
process, which forms a broad, flat plate (Fig. 7, P1. TV.), extending
back as far as the fifth transverse process, and forwards to articulate
by its thick anterior margin with the transverse process of the supra-
clavicle. Immediately in front of and below the same point the
modified third transverse process, or ‘ malleus,’ is articulated move-
ably to the line of junction of the neural canal and the vertebhral cen-
tra.  The form of the malleus may be gathered trom Fig. 7; its
posterior sickle-shaped end. which rests partly on the ventral surface
of the fourth transverse process and on the side of the body of the
fourth vertebra, is really developed in the tunica externe of the air.
bladder, and its junction with the anterior part is only secondary.
Fig. 12, P1. IV. Its anterior part passes forwards and outwards,
lying in a horizontal plane, and its tip projeets shahtly heyond the
anterior surface of the body of the first vertebra.

The neural tube is continued above into two neural spines. (Fig. 8,
PL IV.) One of these, which projects upwards and backwards from
over the fourth vertebra, is the fourth neural spine. 'The other projects
forwards from over the third vertebra, and is continued as a perichond-
drial ossification of the cartilaginous roof of the most anterior part of
the ncural canal and articulates in front with the supra- and exoccipi-
tals above the foramen magnum.  As the osseous neural canal is defici-
ent over the second vertebra, so its transverse process is obsolete.
The cartilaginous neural arch in the young is. however, quite as dis-
tinct as in the other vertebra. (See Figs. 12and 13, PL IV} We
shall meet with a further rudiment of the second neural arch shortly.

Like the more posterior vertebrae the fifth is amphiceelous ; the
posterior cone of the fourth is of large size, (Figs 8 and 13, P1. IV.)
while the anterior cone is very small and the intervertebral growth
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of the notochord does not take place between the fourth and third
vertebree. Nor does it do so between the second and third, because
there is only one notochordal plug hetween the comparatively flat
posterior face of the first vertebra and the deep conical hollow of the
anterior face of the conjoined second and third vertebre.

Dorsally the first vertebral centrum is quite free from that which
follows, but ventrally they are suturally united by delicate plates
which dovetail into each other on either side of the aortic canal. Also
the anterior face of the first centrum is comparatively flat, much more
so than the posterior face of the basioccipital bone against which it
abuts. The dorsal surface—that which looks into the neural canalee
has two sockets, separated by a narrow median partition, (Fig. 3, Pl
V1) In these, rotate freely, the permanently cartilaginous balls
which represent the proximal parts of the first neural arches, and
which, in fact, are the articular processes of the ‘stapedes.’” It will be
observed from Fig. 12, Pl IV., that move cartilage is present in the
first vertebra than in any of those which succeed it. Fig. 8« represents
the form of the complete stapes. Besides the ‘articular’ it possesses
two other processes, which are merely ossified in membrane ; these
are the slender, ¢ ascending ’ process which lies in the neural canal
immediately in front of the point of emergence of the second spinal
nerve-roots, and the spoon-shaped ‘anterior’ process which does not
form part of the wall of the neural canal, being separated from the
spinal cord by a diverticulum of dura mater, the atrium sinus im-
paris, (Figs. 12 and 13, PL IV, and 4, PL. VL), to the lateral wall
of which the spoon-shaped process fits closely.

It is obvious that the anterior process of the stapes passes beyond
the anterior face of the vertebra to which it belongs. It rests upon
the exoccipital at the side of the posterior aperture of the cavum
sinus imparis, immediately below the foramen mugnum (Fig. 5, Pl
V1) and its rounded anterior border fits into a notch on the posterior
margin of that bone, which is very distinet in a profile view of this
part of the skull.

Retarning to the malleus it will be remembered that its tip also
projects in front of the body of the first vertebra. The internal edge
of the tip will be found to be connected by a stout ligament whose
fibres have a tendinous lustre with the roughened lateral surface of
the spoon-shaped process of the stapes. In the ligament is a small
bone—the incus—irregularly oblong in the adult, but style-shaped in
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the young, which may be connected by a few tibres with thit cartil-
aginous patch which represents the proximal part of the second neu-
ral arch (Fig. 12, PL IV.)

From the study of .lmiwrus alone it would be impossible to say -
that the meus bears the same relation to the cartilaginous neural
arch of the second vertebra as the anterior process of the stapes does
to that of the first, but in Catostomaus the proximal end of the style-
like incus contains cartilage and projects from the second vertebra,
and in Cyprinus the incus has not only articilir and anterior, but also
an ascending process like the stapes of Aminrus.

A fourth ossicle—the ‘clarstrimn — assists in forming the wall of
the neural eanal between the ascending process of the stapes and the
exoccipital. Tt is somewhae triangular in form, and its apex project-
ing downwards and backwards fits into the angle hetween the ascend.
ing and anterior processes of the stapes. (Fig. Se, Pl IV.) 1t is
developed in cartilage, and represents the first pair of intercalary neural
arches which were first pointed out by Geette in the pike, but which
are present to a greater or less extent in the anterior region of the
vertebral column in most Physostomous forms. Over the second
vertebra in the roof of the neural canal, a considerable amount of car-
tiluge persists even in the adult. This does not exhibit any segmen-
tation, or very little trace of such, (Fig. 10, PL LV.), but probably
helongs, in part, at least, to the system of intercalary neural pieces.
For the relation of the dorsal ends of the claustra in the younyg, vide
Figs. 9 and 10, PL. IV. According to Baudelot they meet in the
middle line of the roof of the neural canal in Silwrus glenis, but this is
never the case in Amawrus.  (Fig. 4, Pl V1) Unlike the shird and
fourth vertebrae both the first and second are destitute of transverse
processes, at least they are almost vbsolete in the first and guite so in
the second.

The cavum sinus imparis has been referred to above as hollowed
ont inthe basi-occipital bone, which also furnishes part of its lateral
walls. The ex-occipitals furnish the remainder of the Jateral walls and
the osseous roof of the cavum. (Fig. 6, Pl. VI.) This roof is in-
clined downwards anteriorly, (Fig. 8, PL. IV. and Fig. S, P1. VL) in
such a manner as to narrow the aperture of communication between

the cavion and the cranial cavity. The aperture suffices, however, to
o
27
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admit the sinus endolymphaticus from the transverse duwetus which
crosses immediately in front of and below the aperture. (Fig. 8,
Pl V1) Neither the covum nor its osseous roof continue back-
wards as far as the posterior face of the basi-oceipital, but the roof
becomes membranous and is continuous with a thickened patch of
dura mater which forms the posterior wall of the cavum, and is
attached to the centre of the exposed upper surfuce of the basi-
occipital and to the crest separating the sockets on the upper surface
of the body of the first vertebra. (Figs. 3,4, 5, PL. VI.) On cither
side of this patch the cawum is continuous by its posterior aperture
with a diverticulum, the atriwm sinus.impuarts, resting on the upper
surface of the exoccipital, bounded medially by the thickened dura
mater and laterally by the spoon-shaped process of the stepes. The lat-
ter rests moveably on a thizkened cushion of dura mater, which is at-
tached in front to the notch of the exoccipital referred to above, and is
perforated by the ligament connecting the stapes with the tip of the
malleus. Were it not for the stapes and its ligament the atréium
stans imparis would be in free communication with the saccus pare-
vertebralis by the so-called apertura eaterne atrii.  As it is the saccus
has no other aperture of communication with the crauial cavity such
as exists in Cyprinus,' and the contained semi-fluid tissue which fills
the saccus and permits the movements of the malleus is therefore not
part of the perilymphatic tissue surrounding the brain, nor is it simi-
lar to the entirely fluid contents of the cevum and atrie sinus imparis.

One or two further points may be noted with regavd to the neural
canal before investigating further the nature of the movements of the
ossicles.

The white thickened patch of dura mater which bounds the cavum
sinus tmparis posteriorly is continued back somewhat further than
the body of the first vertebra, and has important velations to the walls
of the neural canaul.  From it an oblique stripe asceuds in the wull,
parallel to and behind the ascending process of the stepes and reaches
the roof of the neural canal. (Figs. 8 and 8e, P1.IV.) Behind it
lie the roots of the third nerve ; the ventral root of the second escapes
in front of it and in the angle behind the ascending and articular pro-
cesses of the stapes, while the dorsal root perforates the stripe above
the tip of the ascending process. That part of the patch which forms
the medial wall of the atrium is further connected in front of the

1 Hasse—loc cit, p. 589.



SENSE ORGANS OF AMIURLUS. 381

ascending process with the claustrum, but the claustrum can hardly
be szid to have any relation to the atrivem. It lies dorsally to it, but
its thin edge bears no such relation to the roof of the atrium as the
claustrum does in Cyprinus!, nor can it have any influence on the
shape of the atrial cavity. The patch is further connected with the
thickened cushion of dura mater which partly closes the apertura co-
terna atrii.  The cushion is somewhat horseshoe-shaped, the convex-
ity fitting into the notch of the exoccipital before referred to, while
the ligament of the stapes fills up the concavity. Of the two arms
the lower is connected with the patch of dura mater, the upper be-
hind the cleustrum with the obliquestripe referred to above, which
possibly represents the ascending process of the ncus.

THE AIR-BLADDER OF AMIURUS,
When exposed in situ is found to be covered by peritonenm which is
reflected on to the asophagus by the air-duct. Outwardly it appears
to be oval in form and undivided. It is formed of a thick tunica
externe and a delicate tunica interna which contains very few vessels.
If the external tunic be cut into, the internal tunic may be removed
readily without its collapsing. It differs at first sight from the outer
in form, for its anterior third is impair, while its posterior end is
formed of two separate sacs opening into the antervior one. A neaver
examination of the external tunic shows that it is also divided pos-
teriorly by a median vertical partition forming two chambers in
which the sacs of the internal tunic are received. Immediately in
front of the ventral end of the partition is the orifice of the air-
duct which thus opens into the anterior chamber. The partition
does not terminate by a sharp edge, but splits as it were into two
flattened bands which are attached dorsally to the vertebral column,
and slant downwards and forwards as they grow wider to become
continnous with the ventral surface of the air-bladder. They narrow
the apertures of communication between the posterior and anterior
parts of the air-bladder, and simultaneously form two smail ventral
culs-de-sac from the posterior chamber on either side of the median
partition. Except for these bands the posterior part of the bladder
is entirely free from the vertebral column; it is only in the anterior
division that we have to look for certain connections with the osseous

1 Hasse—loc cit, 591.
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structures lyving above it.  The lines of attachment may be under-
stood from Fig. 7.

it is necessary to look morve closely at the connections of the
malleus.  As observed above it articulates in an oblique groove on
the side of the third vertebra. Outside this point its upper surface
is connected by liganment with the ventral face of the fourth trans-
verse process, and its postero-external angle liere passes into the
crescentic ossification (co), which may be described as the posterior
sickle-shaped part of the malleus, although it is not developed as a
part of the third transverse process. [t is in fact an ossification in
the tuniea externa of the air-bludder, and only secondarily becomes
connected with the third transverse process. A sharp ridge separates
these anterior and posterior parts of the wmwllens. The dorsal and
lateral b of the crescent rests on the ventral face of the fourth
transverse process, while its ventral and medial limb rests on a
groove on the sides of the body of the fourth vertecbra.

In the concavity of the crescent, and connected with it in the
recent state by fibres of tendinous lustre, is the thickened knob-like
end of an oblique ossification (0.0) which is free from the bhody of
the vertebra, but becomes coalesced as it runs backwards and out-
wards with the posterior part of the ventral face of the fourth
transverse process. Between the body of the vertebra and this
obligue ossification is a triangular space in which lies the zene cerva
inferior. The course of this vessel is ventral to the origin of the
third and fourth transverse processes, hut dorsal to both the oblique
and crescentic ossifications, the intervening space being larger on the
right than on the left side to accommodate the larger vessel.

Acvoss the posterior part of the triangular space described the
upper end of the flat band is attached. All the dorsal median wall
of the anterior chamber is likewise firmly bound down to the sides
of the bodies of the fourth and fifth vertebrae, and especially to the
sharp ridges bounding the aortic canal.  Further forwar s also, the
dorsal wall is attached to the sharp ridge separating the third and
fourth vertebrze by strong fibres to the knob of the oblique ossifica-
tion, and to the ventral edge of the thickened anterior part of the
fourth transverse process.

The fibres of the unattached paris of the anterior chamber chiefly
converge (1) from the anterior wall to the crest separating the anterior
and posterior parts of the malleus, and (2) from the rest of the
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chamber to the convex margin of the posterior part, leaving, how-
ever, the medial end free. These are the points with which fibres
are left in connection if the air-bladder be removed forcibly trom the
vertebral column.

It is easy to demonstrate that if the fibres of the air-bladder
attached to the sickle-shaped part of the wmallews be put on the
stretch, it (the posterior part of the mallews) is pulled outwards and
downwards from the vertebral column, the lignment between it and
the knob serving as a hinge. Simultancously, however, owing to
the form of the articulation with the third vertebra, the anterior
end, and consequently the spoon-shaped process of the stapes move
inwards, the cavity of the afriwm sinus tmpuris is diminished, and
the contained fluid urged onwards. As the result of more fluid
being forced into the cavim sinus impuris, the saccus endolymphaticus
which floats freely in it must be compressed, and a current of
endolymph urged forwards which must impinge very directly on the
macule acustica secewli of each side.  (Fig. S, Pl. VI.) The position
of these maculw with relation to the seccus and ductus endolyne-
phaticus would appear to render unnecessary the special maculie
deseribed by Nusbawm in Cyprinus.  In any case altered tension in
the anterior part of the air-Lladder will be brought within range of
perception by the anditory nerve.

Hasse has snfgges.tcd (loe. cit. p. 396) that in Cyprinus such
altered tensions will divectly affect the spinal cord, the semi-fluild
tissue swrrounding it undergeing compression through the medial
wall of the atriwm and the clewstrum. A glance at Fig. 4 will
show that this is havdly likely to be the case in Admiurus, for the
medial wall of the «ériwmn is formed of somewhat dense tissue, and
the cluustrum can be affected very little by the movements of the
stapes. It is certain, however, in dmivrus that when the fluid in the
cacwn stnus imparis is urged forwards, that in the spinal canal is
propelled in the same direction.  The reason for this is to be sought
for in another diverticulum of the cwcuwm which lies above the spina!
cord, and communicates with the «fri at their points of entrance
into the ceywm. (Fig. 5, Pl VL) From this point the sac is cun-
tinued some little distance forwards through the foramen wagnum
into the adipose tissue above the medulla oblongata. It terminates
there in twou lobes, the division into which is indicated in Fig. 6,
and is filled with the same fluid contents as the cacune and atria.
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‘Whether the sac, receptaculum dorsale (rsi), acts as a reservoir for
this fluid or serves to receive any excess driven outof the «trie, Ium
unable to say, but its distension is not likely to produce any imme-
diate effect on the spinal cord, separated as it is from it by the thick
cushion of loose adipose tissue which would entirely redistribute any
pressure.  That the forward movement of the fluid in the cevum
sinug impares should have any direct effect on the base of brain, as
suggested also by Hasse, is, I conceive, improbable, owing to the
thick cushion of adipose tissue which separates the brain from the
floor of the skull. (Fig. 9, PL. VL) I am inclined to believe,
then, that it is solely through the auditory nerve, and specially through
its saceular branches, that the central nervous system is informed of
the movements of mallens and stapes, and consequently of the state
of distension of the air-bladder.

It is probable that the curreats in the endolymph produced in this
way are different in chavacter from those brought about by ordinary
sound waves, but on the other hand the difference is not likely to be
of such moment as to remove the phenomena in question entirely
from the domain of sound.

Whether the air-bladder and apparatus in connection with it arve
also sensitive to the alternations of pressure incident to sound waves,
and whether this be not one of the principal channels through which
the endolymph of the partes inferiores of the labyrinth is set in
motion, must be a matter for further investigation. No very free
interchange of endolymph can take place between the superior and
inferior parts of the labyrinth, for the ductus sacculo-utricularis is
thick walled and its narrow lumen is blocked up by a valve project-
ing obliquely across it. Although the endolymph, then, in the
superior part may be very readily set in motion by the vibrations
transmitted through the thin wall of the skull opposite the recessus
utriculi, yet the inferior part must be in a great measure protected
from such by its concealed position.

Hasse (L.c. 599) while not entirely excluding the possibility of
alterations in volume of the air-bladder exerting an influence on the
production of auditory sensation, adduces several arguments for
believing that such must be of very subovdinate nature in the

Cyprinide. The first of these is that the direction of the stroke
of the staupes not being coincident with the plane of the apertura
posterior of the cgvum, the fluid contents of the atrium will not be
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urged into the cavum with tull force. Secondly, the fluid is imbedded
in reticular tissue ; and thirdly, any impulse communicated to the
wransverse ductus will be deadened by the close apposition of the
saceular nerves.  But in Amiuras the fluid in the afria and cavum
is not imbedded in the meshes of the reticular tissue, the wall of
the saceus endolymphaticns is so thin that any motion in the sur-
rounding fluid must disturb its contents, and the currents so pro-
duced must certainly affect the neuroepithelium as much if not far
more than the currents produced by ordinary sound waves. I should
be inclined to look upon the dorsal veservoir which I have deseribed
above rather as a safety-valve to prevent too great a distnrbance of
the neuroepithelium by the violence of currents produced by sudden
expansions of the air-bladder.

1t is interesting to cousider, in the light of Moreau’s researches!,
what advantage it is to the fish to be provided with an appavatus
which records the varying states of distension of the ahr-bladder de-
pendent on the greater or less weight of the superincumbent colunn
of water. The chief funetion of the air-bladdor, according to Moreau,
is to enable its possessor to alter its specific gravity so as to be in
equilibrium in one particular plane where it may remain with little
or no muscular effort, but from which it can only displace itself ver-
tically upwards or downwards by muscular effort.

12 Physoclystous fishes (those with no air-duct), this complete ac-
“commodation to a new level takes place slowly, for the volume of air
in the aiv-bladder is not altered by muscular contracsion but is re-
duced in amount through absorption and increased in amount through
excretion by the walls of the bladder, the retia mirabilia there
being probably the orgauns engaged in this physiological process. In
Physostomous fishes, on the other hand, accommodation to a new
higher level is move quickly effected by the ejection of bubbles of air
through the air duct, while the additional amount of air necessary to
produce equilibrium under increased pressure is slowly formed by the
walls of the air-bludder. The Physostoimi ave therefore possessed of
greater freedom of movement than the Physoclysti under artificially
diminished pressure or ata higher level than that in which they were

1 Recherches experimentales sur les fonctions de la vessic natatoire.
Ann. des Sei. Nat. T, 4, 1876,
[t would be extremely interesting to examine the morpholugical nature of the *safety-valve ’
deseribed by Moreau in Caranc trachuwrus.
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in equilibrium, and the recording apparatus connecting the air-bladder
with the anditory organ, when present, probably enables them to meas-
ure the precise amount of air, which must be disengaged in ovder to
restore cquilibrinm at a new higher level. The mode in which air is
discharged in dmiwrus is not known to me, but the duct. tortuous
where it opens into the oesophagus, must be much straighter when
the ventral wall of the anterior part of the air-bladder is distended
than when such is not the case.  Further investigation must show
whether the duct participates actively in disengaging the air-bubbles,
and if so, under control of what nerve it does so. )

The whole physiology of aundition in the Teleosts is so ohscure that
it is worth while reopening the question of the possible role of the
air-bladder and its accessory ossicles in connection thevewith. Amiwrus
would be admirably adapted for physiological experiment, for it is
very readily kept in captivity, and has extraordinary vitality. 1f
the above deseriptions serve as an accurate morphological hasis for
such experiments part of my object will be fulfilled.

Tn my note on this subject in the Zooloyischer Anzeiger cited above,
I have remarked that the parts concerned in A miurus indicate a much
further specialization of the condition in the Cyprinoids. I propose,
in a future paper, to investigate the alterations which the antevior
vertebrae have undergone in other sub-families of Siluroids, for the
researches of Reissner (Miiller’s Archiv, 1863). and those of Miiller
himself, (same journal, 1842) indicate thuat these must depart very
widely from the condition found in Amiwrus.

It is among the Cyprinoids, nevertheless, that a less altered and
more primitive condition of affairs must be sought, and it is possible
that an extensiun of research, anatomical and developmental, may
explain the steps by which parts of the anterior vertebrae hecame
moditied in connection with the air-bladder.
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ALIMENTARY CANAL, LIVER, PANCREAS,
AND AIR-BLADDER OF AMIURUS CATUS.

BY A. B. MACALLUM, B.A.

{Read before the Canalian Institute, April the 5th, 13S4.)

THE ALIMENTARY CANAIL

COARSE ANATOMY.

The cavity of the mouth is very capacious. Its entrance is guarded
by plates of teeth situated on the maxillaries above and on the
mandibles below. These are the only regions of the mouth where
teeth ave found. In front of them above and below along the
margin of the mouth portions of skin, frequently pale or discolored,
are transitional between the outer skin and the membrane of the
meuth, and function as lips.

Behind the pads of teeth and running concentrically with them
are folds, one above and one below, arising from a relaxation of the
lining membrane ; that behind the maxillee is largest, but both may
be absent. In one specimen of Amiurus niyricans, the fold reached
downward and backward into the cavity of the mouth fully one-half
inch.

The lining membrane of the mouth is generally colorless. That
of the sunken palate may have a dark color. When hardened the
membrane shows minute blotches on a white ground, caused by
beaker organs (taste-buds ¢, and the vascular papille of the subjacent
tissue.

The ‘tongue’ is most distinctly observable when the hyoid bone
is pushed up by the finger from below, and is then an oblong flat-
tened elevation. A ridge or rather a row of papillee runs medially
over its surface backward into the pharynx. This is the seat of
numetrous beaker organs, especially in the young cat-fish.

The palate is sunk from the maxille and is divided into two
shallow depressions by the parasphenoid.

The surface of the pharyngeal floor anteriorly inclines on each
side somewhat toward the base of the gill arches.
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In the immediate neighbourhood of the epipharyngeal bones, the
membrane becomes much thickened and thrown into folds, tor the
most part longitndinal.  The thickness of the membrane here is due
to the accumulation of striated muscular fibres, which at the com-
mencement of the wsophagus forms a species of sphincter muscle.

The passage of the pharynx into the wsophagus is of a funne]
form, its base being some distance posterior to the epipharyngeal
teeth-pads. The folds give an appearance of ribbing to the funnel.
this being seen most distinctly when the jaws are widely separated,

The superior teeth-pads, one on each side of the middle line, are
of round or oval shape, and situated on the epipharyngeal bones.
The membrane surrounding and covering the pads is thin, sensitive.
and contractile.

The hypopharyngeal pads are rhomboidal on surface view and are
placed opposite the epipharyngeals, with their long axis directed out-
ward and backward.

Both sets of structures ave extremely sensitive. When the
epipharyngeal pads are touched, the membrane shrinks, the pads ave
thrast down, and at the saine time those of the floor are elevated in
opposition. This is for the purpose of comminuting the food as it
passes into the cesopbagus, mere contact of food or other matter
serving to bring the pads into action.

The lining membrane of the straight sophagus is longitudinally
folded, and is pertectly colorless in the fresh condition. Its muscular
walls are thick. Near its posterior end the wsophagus receives the
opening of the duct of the air-bladder.

The folds which anteriorly are longitudinal, hecome arranged in
the stomach in every direction and disappear when it has been dis-

tended by, and hardened in, chromic acid and alcohol. The openings
of its glands are scarcely observable with the naked eye.

The stomach of Amiwrus belongs to the ceecwl type, the coecum,
however, not being distinctly marked off as such. It possesses with
the cardia the same axis longitudinally placed, and is short blunt-
cone like. Its rugee are like those of the cardia, and both portions
are tinged chocolate-red when the stomach is in the digesting state.

The pylorus, which is of smaller diameter, starts from the left side
of the junction of the cardia and cecum and extends forward beside
the former to near its antevior termination, where a circular con-
striction visible on the outer surface of the pylorus denotes its
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termination and the commencement of the midgut. This constrie-
tion gives rise on its inner surtuce to a low pyloric valve.

The lining membrane of the pylorus is pale in contrast to the
color of the cardia and ccccum. TIts folds are at first low and broad,
but approaching the valve they become higher and thinner, and are
arranged longitudinally.

The midgut passes forward beside the @sophagus until it reaches
above the posterior lobes of the liver, at which point it takes a sharp
turn to the right under the msophagus. In this transverse portion
it receives the pancreatic and bile ducts, after which it turns back-
ward to run on the right of, and on a level with, the stomach.
Behind, it is thrown into loops of greater or less magnitude, which
rarely touch one another, and may number from eight to twelve.
The part of the midgut in the neighbourhood of the stomach is pro-
vided with slightly thicker muscular walls than the postevior half.

The outer serous coating is unpigmented. The longitudinal folds
on the inner swrfice are thick and high, but their continuity is not
distinetly marked, owing to slight transverse furrows, which give to
a fold the appearance of a series of low villi.

The lumen of the midgut is separated from that of the endgut or
rectum by a circular valve which is of little height in the relaxed
specimen, but when distended by chromic acid and aleohol, and thus
hardened, it is broad, thin and semi-membranous, leaving a lumen of
small diameter in the centre. The folds of the midgut in the neigh-
bourhood are distinetly longitudinal and pass over into those of the
midgut. TIts course is quite straight but for the slight downward
curve to terminate in the vent.

The body cavity and the pericardial chamber ave separated by a par-
tition formed of the partially apposited pericardial and pevitoneal mem-
branes which contain between them a quantity of aponeurotic fibres.
This aponeurotic wall, as it is called, is perforated by the cesophagus
and the hepatic veins, and over these latter the peritoneal membrane
is continued to join that covering the liver forming a support for
that organ. From the aponeurotic wall the mesentery spreads out
on each side, above and backward, enclosing the duct of the ai-
bladder between its folds. Below the cesophagus the membrane runs
out over the liver to form its serous coat. This fold also passes
down over the stomach on the commencement of the midgut when
it embraces the gall-bladder, the bile and pancreatic ducts.
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From the ciecum a fold of the left portion of the mesentery pusses
to the larger loops of the midgut.

The air-bladder is covered by a peritoneal plate arising from the
lateral walls of the body cavity and meeting in the middle line. To
the walls of the air-bladder it is less closely applied than elsewhere.

Large pellets of fat ave distributed in the mesentery, most
frequently in the fold connecting the cweeum and midgut.

The mesentery is not always continuous, there frequently appear-
ing in it large, clear spaces, the positions of which are, however,
irregular.

The following table of measiwrements of the intestinal tract, in-
cludes those of one specimen of A. entus and two of .. niyricans,
The length of the body, as here given, is from the termination of
the snout to the hase of the caudal fin. Tt will be seen from
examination that the lengths of the same parts in the three are not
relatively proportional.  For instance, in . catus the length of the
midgut is 1-25 times that of the body, while in the smaller specimen
of A. nigricans it is 1-14, and in the Luwer 1-8. In the nuaerous
measurements that I have made of the intestinal teact of cat-tishes
of vavious sizes, it was ohserved that with the increase in hody
length there is more than a corresponding increase in the various
parts, and especially so in the midgut.  The whole intestine alse
from the commencement of the wsophagus to the vent vavies from
15 to 2-3 times the length of the body.

Boby caviry,

7
| E e f
c. c.
A catus ... 31 35 3 2 440 5 10 55
A. nigricans (1)...." 38 2-2 2 15 32 4-S 5 3§
A. nigricans (2).... 60 S5 6 3 110 Q - -

MOUTH

FINE ANATOMY.

AND PHARYNX.

The mucons membiranes of the mouth and pharynx are exceedingly

similar in structure. so that the following description applics justly
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to any portion of both cavities, not excepung the inner survfaces of
the gill arches.

It falls very distinctly into two coats, of which the outer is the
epithelial and the deeper corresponds in position to the dermis. The
latter is formed of connective tissue fibnves, elastic fibres, and nerve
strands, the latter apparently very numerous ; imbedded in this coat
ave a large number of capillavies.  Pigment cells arve found at the
lonndary of the two coats. The lower is at no point marked oft' from
the subjacent stratum which is tormed largely of areoku conncetive
tissue ; above it gives off both vascular and sensory papillae, which
rise into pockets of the epithelial cont.  The vascular papillac are rave,
the great majority of the papillae form the base on which the beoer
organs are sitnated.  These have been alveady described in the paper
treating of' the skin. The vaseular papillae are provided with several
finely hranching capillaries which ascend to their summit.

Below the base of the heaker organs there is a rich deposit of
nerve cells easy to be observed, through the deep staining of their
auelel with Bismarck brown. The nerve fibrils are at this point
also observable and can be followed into the epithelial coat. Forked
pigment cells abound in the summit of the papillae and elsewhere
along the boundary may form a one-celled layer.

Most frequently one beaker organ only is to be found on the sum-
mit of each papilla, bue three to five may occur.  The epithelial coat
is clearly marked oft’ from the deeper by columnar cells at its base.
Initself there is a marked division into regions corresponding in
position but not in consistency to those of the skin of higher verte-
brates, denominated horny and mucous layers.  Here they pass im-
pereeptibly into one another.

The superficial layer is formed of cells, generally triangular, each
provided with a nuclens and a thickened peripheral wall.  (Fig. 1).
They are succeeded below by somewhat horizontally fattened cells
whose nuclei also bear the appearance of being slightly flattened, and
are swrounded by but little protoplasm.  There are several layers of
this description.  They pass gradnally below into cells which ave at
first cubical, thin columnar, their long axis directed perpendicular to
the surface.  While the flattened cells show but little protoplasm,
these have much and it is finely granular. The columnar shape is
not a perfect one, heing variously angled until the base of the super-
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ficial stratum is veached, where they are much more elongated than
clsewhere, and here they evidence the possession of & cell membrane.

At the lower half of the layers formed of colummar cells, are
structures which when viewed cavelessly appear as nuclei of the cells.
Yet they are everywhere quite distinet from these in that they are
smaller and they take on a deeper staining in Bismarck brown. Pro.
fuse in the lower columnar layers, they arve sparsely distribnted
towards the layers formed of cubical or flattened cells. They are
about the size of the nucleoli of the surrounding cells. Each, how-
ever, containg a nucleolar body and is provided with a short, delicate
process divected towards the deeper stratum. As they stain more
deeply than the nuclei and nacleoli of the surrounding cells, I must
regard them as separate structures. They are most fuvorably scen
in the lips.  They may be regarded as the terminal free nerve end-
ings to the fibrils which come from the deeper coat below.

Besides the structures described, there ave in the epithelial layer
two others which merit special deseription.  The first of these is the
‘glime cell.” Tt is present in all portions of the epithelial stratuw,
and in accordance with this distribution it presents various shapes.
On the surface it is of flask shape, the long neck of which is thrust
out between the cuticular cells. (Fig. 1). The body of the flask
is rounded and rests on the layers of flattened cells. The contents
of the flask project beyond the superficial berder in the form of a
plug. No separation can be seen in ordinary preparations between
its mucigenous and its protoplasmic portions. Such can only be
observed in osmic acid specimens. The rounded body is not con-
tinued downwards into fine processes, as is usual in beaker cells.
The nucleus is seen with the aid of osmic acid, and is usually swr-
rounded by a clearly defined protoplasmic stroma or reticulation,
which stains vividly in Bismarck brown or hematoxylon. The reticu-
lation is observable even in the neck of the cell.

Three, most frequently four, cuticular cells separate two neigh-
houring slime cells.

They take an intense brown color in Bismarck brown and a
deep purple color in Kleinenberg's hematoxylon, even when the sur-
rounding cells are little acted on. They are of oval shape in the
deeper cpithelial layers and their long axis is generally perpendicular
to the surface. They are placed sometimes horizontally in the layers
formed of flattened epithelium. Their reticulation is wider meshed,
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and permits a view of the large oval nucleus piaced in the centre of
the cell. In the lower columnar layers they are of smaller size
becoming more so towards the base, where one can easily observe
their differentiation from the surrounding cells. The reticulation is
at first fine and delicate, but becomes coarser and more marked as
the cell increases in size and thrust upward.

These cells have been described in other fishes under the name of
beaker cells. I have prefered to use the term ‘slime cells,” some-
times employed in referring to them. They do not conduct them-
selves towards reagents or staining fluids in the same mamner as
beaker cells, from which they differ in shape. In no portion of the
alimentary tract does the beaker cell show a reticulation in its
mucigenous portion, nor does it stain generally with Bismarck brown
or hematoxylon any more deeply than do the surrounding cells.
The beaker cell again, it is quite probable, is simply a degradation
of the ordinary surface cylinder cell, while the slime cells show a
gradual growth and differentiation from those of the deeper epithelial
layers. The beaker cells and the slime cells must be regarded as
two distinct kinds of cells producing secretions, which probably are
chemically different.

The other kind of cells referred to as present in the epithelial
layers of the membrane is known under the names of slime cells,
club or clavate cells. They are found in the outer skin also more
highly developed, and of a slightly larger size than in the membrane
of the mouth.

These clavate cells are confined to the deeper epithelial layers
touching with their rounded heads the layers of flattened epithelium.
They are shaped exactly like a club, the larger ends rather blunt,
while the neck or handle tapers away into a fine thread-like continua-
tion, which I have traced to the base of the epithelial stratum.
(Fig. 1). The structure is provided with a distinct wall, and con-
tains in it two materially different fluid substances. That filling the
greater part of the head is strongly light-refracting and contains,
situated toward the base of the cell, one or more rounded or oval
bodies provided with radiating strands which have been termed the
nuclei. They may sometimes be found in the fluid which fills the
neck of the cells, and are provided with nucleoli. These nuclear
bodies stain slightly in Bismarck brown, much more so than the sub-
stance of the neck which lines the walls of the head for some dis-
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tance, thus serving as a cap for the clear glassy portion. This
substance takes a dirty brown stain in hematoxylon. So much is
to be lewned from specimens hardened in aleohol alone.

When these cells are obtained by maceration in Miiller’s fluid, or
in a solution of potassic bichromate preferably, they show some in-
teresting points, in addition to what has been given. The light
refracting substance is less in quantity, the strands come out more
clearly, and the substance filling the neck and serving as a cap to
the clear glassy substance is very finely granular. This latter was
observed in some cases to enclose the nuclear bodies and the élear
glassy substance in the form of w capsule. The nuclear bodies may be
one for each clavate cell, but varies, there being often three or four,
and I have observed in one case six. Two in each cell is & common
occurrence, and then they are placed tooneanother in such a manner
as to lead casually to the belief that they were just previously
formed from a single one by division. The cell wall often appears
shrunken, probably owing to the action of the veagent emyployed.

A great deal of attention has been given to these cells. Kiollikert
first described them in the Lamprey under the name of slime cells,
Max Schultze® observed a transverse striation on the neck of the
cell, which conducted itself as far as regards polarization the sameas
striated muscular fibre. He also observed longitudinal strie which
united at the blunt end in concentric lines. According to his
view, they are probably end organs of a neuro-muscular nature. F.
E. Schulze® also describes the striation of these forms in the eel,
and found globules, apparently composed of fat, in the centres of
several cells. No cell membrane was observed by him, and in many
cases he found an opening at the head of the cells. His view is that
they are comparable to the cells of the sebaceous glands of higher
vertebrates.

My own observations arc not confirmatory of the striation de-
scribed by Max Schultze and F. E. Schulze. There are to be found
neither openings in the cellular walls nor fat globules. In one or
two cases I have observed a portion of the clear glassy material situ-
ated on the outside of the cap, and separated from the surrounding
fluid on the field of the microscope by a clear line which was continu-

1 Verhandl. der Physik. Medic. Gesellschaft in Witrzburg, Bd, VII, and VIIIL
2 Arch. filr Anat. und Physiol. 1561, pp. 228 and 281.
3 Arch. fiir Mikr, Anat. Bd. 11, 1867,
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ous with that bounding the remainder of the cell ; this was clear
enough evidence of the possession of a cell-membrane. Again, seve-
ral other forms or variations of structure were observed in a few
cases, and these I am in doubt whether to classify as normal or patho-
logical. They were obtained by maceration in Miiller’s fluid, and in
them the finely granular material of the neck and cap of the cell was
aggregated into cluwnps, with clear spaces between them ; in the cens
tre of each of these clumps a round body, much smaller than the
nuclear body proper, was observed. The nuclear bodies themselves
retained their usual appearance. Sometimes an optical section of the
cell instead of showing clumps yet revealed their round central bodies
as regularly disposed as those of the clumps.

Whether these structurcs are secretory or nervous in function it is
impossible to say. From the constant presence of the clear glassy
fluid, and its disposition at the head of the cell, one would be in-
clined to the former view.

As already mentioned, the description of the mucous membrane of
the mouth applies equally to that of the pharynx. The slime cells,
however, increase in number, and just behind the teeth-pads they
become aggregated together into patches, one above and one below.
At the commencement of the cesophagus they dwindle away, and
before the posterior moiety of the wsophagus is reached have com-
pletely vanished.

The clavate cells are distributed equally throughout mouth and
pharynx.

A tranverse set of striated muscle fibres comnnect the two hypo-
pharyngeal bones. Bcehind them it gradually surrounds the pharynx,
and immediately before the wsophagus is veached it formsa thick
muscular layer. At this point is the origin of the muscle fibres
forming the inner longitudinal layer of the wsophagus.

ESOPHAGUS.

The low epitheliumn of the pharynx passes into that of the wsopha-
gus, with a gradual increase in the height of the constituent cells.

The muscularis mucose is represented by but a few fibres, while -
the submucosa is thin and shows no distinction from the tissue
sheathing the longitudinal muscle bundles. These latter are widely

separated and coarsely grouped, and, although first appearing an-
28
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teriorly at the commencement of the foregut, yet they may take ori-
gin anywhere at the base of the submucosa.

The outer circular layer is also composed of striated fibres, very
coarsely arranged, more so towards the serous coating. The connce-
tive tissue sheathing, which separates the longitudinal muscle
bundles from each cther also widely separates them from the outer
circular muscle coat.

When the inner surface of the wsophagus is folded a small quan-
tity of the submucosa enters into the summits of the folds whose cen-
tral cavities are filled by the fibres of the muscularis mucose and by
the blood capillaries which pierce the muscularis and delicately branch
just under the epithelium.

The epithelium of the cesophagus is several layered, that is, between
the base of the superficial cells are one or two series of cells destined
to replace the cast.off superficial ones. The cells constituting the
epithelium are long, slender and cylindrical, interspersed among
which are a number of beaker cells. The protoplasm of the cylinder
cells is granular in the upper half of the cell, to which there is a dis-
tinet peripheral wall. The tapering continuations of these can be
traced between the younger cylinder cells into the fibrous tissue rest-
ing on the muscularis mucose. Their nuclei are oval and are situ-
ated near the basal process of the cell.

The beaker cells show a size attained nowhere else in the intesti-
nal tract. The theca ot the cell is much inflated and filled with a
mucigenous fluid, in which are scattered faintly refracting bodies.
The protoplasn of the cell is found in the basal process surrounding
the oval nucleus, which possesses 2 reticulation, frequently strongly
marked. The protoplasm also passes up the sides of the theca for a
short distance, in the forw of a cap for the mucigenous portion, both
portions being quite distinct after maceration. The opening may be
as wide as the diameter of the theca, or it may be as narrow asa
transverse measurement of the cylinder cell.

Studied in fresh condition cylinder cells show every stage of degra-
dation into beaker cells. The first stage is evinced by the loss of the
peripheral wall, followed by a swelling up and transformation of the
contents near that end of the cylinder.

STOMACH.
At the junction of the cesophagus and stomach the mucous mem-
brane becomes more broadly plicated, the folds being irregularly
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directed over the cardia and cecum. The opening of the glands on
the surface of the membrane can scarcely be detected with the naked
eye.

The inner longitudinal layer of muscle fibres of the cesophagus
vanishes, its place being taken by the more abundant submucosa.
The outer wsophageal layer of circular fibres becomes the inner circu-
lar layer of the stomach, in the anterior portion of which is still
found a certain amount of striated fibres. At the same point an
outer longitudinal layer of smooth muscle takes its origin.

Oblique muscular layers are almost totally absent, such as are pre-
sent being modifications of the two other layers.

The muscularis mucosee acquires quite a thickness. 1In it smooth
fibres alone ave present, and a more abundant mucous tissue separ-
ates it from the epithelium.

Two portions may be distinguished in the stomach, the pepsin-
secreting region (including the cardic and coecum) and the pylorus.
The two portions can be observed as distinet by the naked eye, the
former being always more or less flushed while the lutter is uniformly
pale or discolored.

The superficial epithelinm of the anterior section does not differ
from that of the posterior or pylorus. In both it consists of delicate
crlinders, not quite as long on the average as those of the cesophagus,
difficult to isolate to their fullest extent, as their basal processes run
into and are interwoven with the fibrous tissue of the mucosa. In the
first state their contents are similar throughout and finely granuled.
The nucleus is large, oval and situated near the inner third of the cell.
The contents of each cell project beyond the general surface with a
faintly arched refracting border, which, at first view, may be taken
for a membrane for that portion of the cell ; it is destroyed by the
action of water after some minutes or by the immediate action of
Miiller’s fluid.

F. E. Schulze! who first described fully and carefully the superficial
epithelium of the stomach, denied the presence of a peripheral wall
for these cells, and stated their function to be that of secreting mucous
to cover the surface, which should thus be protected from injury by
the digesting fluid. Haidenhain? describes these cells as perfectly
closed on their peripheral border, and states that the appavent opening

! Archiv fur Mikr. Anat., Bd, I1L.
2 Archiv fir Mikr. Anat. Bd. VI., page 372.
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of the cell un its free surface is due to the reagents employed. Ebstein!
found both closed and open cells, the latter form arising from the first
through the transformation of their contents into mucous. Bieder-
mann’ found the cells always open and the mouth of each containing
a plug which is chemically and morphologically different from the
remainder of the cell.  The stopper shows a longitudinal striation,
Regéezy® regarded these cells us ciliated, having found cilia on them
in the frog and in some fishes, frequently oua portion of the peri-
pheral membrane. In some cases the cilia were cemented in one
mass at the end of the cell, and in others, again, he observed the
absence of thesc cilia apparently through their withdrawal into the
cell. They are very easily destroyed by chemical reagents, which
cause 2also a swelling up of the contents of the cell.

The many different views of the structure of these cells are no
doubt due to observing epithelium prepared in a manner which
changes more or less its normal appearance.  Aleohol, Muller’s fluid,
solutions of potassic bichromate, and ammonia bichromate, cause a
swelling up and an emptying of the contents of the cell in its outer
third. When examined in the fresh state all cells have the arched,
glancing border, apparently due to the meeting of two fluids of dif-
ferent cousistency. The contents are similar throughout the cell,
and finely granuled, Owing to the action of the reagents mentioned
the outer two-thirds of the cell becomes clear and glassy, and the
arched border is absent. When a specimen is hardened in oswmic
acid, on the other hand, the arched border is preserved, the outer
third of the cell contents is somewhat more coarsely granuled, and
more darkly stained than the remainder, the latter effect not by any
means due to the greater ease with which the ucid attains to that
portion of the cell. Rarely did the use of this reagent betray the
absence of the arched border or the apparent presence of a peripheral
cell-wall. At the same time the division of its contents into muci-
gen and protoplasm not coinciding with that shown by other reagents
was a constant one throughout. A structure closing the mouth of
the cell and answering to Biedermann’s ¢ plug,’ has never been
observed by me in the stomachs of the many fishes which I have

studied.

b Archiv fiir Mikr. Anat. Bd. VI,, page 519.
2 Wiener Akad. Sitzungberichte LXX., Bd. 111, s. 377.
3 Arcluy filr Mikr. Anat, Bd. XVIII., page 408.
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The cell is long and slender, passing down into a smooth, delicate
process, imbedded in the tissue of the mucosa. In transverse sec-
tion, it is irregularly six-sided, the membrane of which, if there is
one, is approximated to those of the neighbouring cells in such a
manner as to surrender its appearance of being a structure inde-
pendent of the substance cementing the cells together, which
cementing substance Fdinger! indeed believes it to be. Maceration
by various methods, however, produces isolated cells provided with
a distinct membrane at every point, except at the peripheral end.

In the crypts into which the peptic glands open, these cells are
slightly shorter and broader, the mucigenous portion being more
distinctly marked in osmic acid specimens. In these erypts, and
especially towards the pyloris, there is another variety of cells, few
in number it is true, but quite distinct from the previously described
cell. They are slightly swollen in their outer halves, their basal
processes are short, and the whole cell is not acted on by osmic acid,
but remains clear and distinet while the surrounding cells are very
much darkened. These cells are grouped in twos and threes, here
and there.

Peptic glards ave absent only in the pylorus.  From four to ten,
or more; may open in one crypt of the membrane lined by cylinder
cells.  Several glands may open by one common neck into the crypt,
but branching never occus below the neck in the body or base of
the gland.  Each consists of three portions, a neck, by which it is
attached to the surface crypt, a body, and a base.  In all three parts
the cells differ considerably in shape and structure, but pass into one
another generally. Those of the uelk form the ¢ Schaltstiicken’ of
Rollet, and are transitional Letween those of the crypt and those of
the body of the gland. They are subcubical in shape, and finely
granular in contents, like cylinder cells or those of the crypt.
Although the transverse diameter of the gland is narrowest at this
point, yet the lumen is quite distinct. The cells of the body of the
gland are cubical or rhomboidal in longitudinal section of the gland,
and are provided at their inner lower edges with a process which
overlaps tile-fashion the cell next below. The nucleus is large, oval,
and situated in the inner half of each cell, while large coarse granules
abound in all parts, but principally in the outer half. These granules

1 Archiv fiir Mikr. Anat. Bd. XIV.
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take a brownish-black tinge in osmic acid, by which also the nucleus
is rendered indistinct. '

The cells in the base of the gland are nearly oval, not provided
with a process, coarsely granuled, and the large nucleus situated in
the centre of the cell. The granules are to be found equally in all
parts of the cell, which, on the whole, takes a slightly darker
stain than those ot the body of the gland, which are never fonnd to
bulge outside the general limit. The former when not in a resting
stute give an irregular appearance to the base. This was best seen
in young specimens of cat-fish which are always feeding. Macerat-
ing the mucous men:brane of such specimens in Ranvier’s alcohol,
Miiller's fluid or in a mixture of the latter and serum, appearances.
such as Fig. 5 gives, were obtained. There the cells of the body of
the gland are rhomboidal in outline and form a pretty regular inner
border. Those at the base, however, cause a bulging out of the
membrane, some being situated in wedge-shaped niches betwern the
other cells. During activity they preserve this form, shrinking to a
certain extent when resting.

Between the cells of the body of the gland and those of the base,
staining reagents show not the slightest difference, carmine, hema-
toxylon, aniline blue, stain all alike in intensity. The slight differ-
ence obtainable in osmic acid hardly merits mention. The granules
in all are equally coarse, and four or five hours after the introduction
of food into the stomach are arranged about the lumen, which in
these glands is more or less indistinct. The cells are unprovided
with a membrane, and in serum are all spherical, the processes being
retracted. They, however, preserve their original forms in Miiller's
fluid and Ranvier’s alcohol.

F. E. Schulze' describes in Silurus glanis large spherical cells
lying in niche-like swellings of the basement membrane, and he evi-
dently intended a comparison of these with similarly situated cells
in higher vertebrates. As Améurus and Silurus belong to the same
family, it is quite probable that these structures arc alike in both
and that they have no more morphological value than what I have
attributed to them.

Edinger® discovered in Perca fluviatilis differences in these cells
which, however, he does not deseribe. Still he believes that a dis-

1 J.oc, cit. 2 Lac. cit.
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tinction of these into parietal and chief cells, such as obtains in
higher vertebrates, is totally absent in fishes. Nussbaum'® describes
two varieties of peptic cells in the pike; one consisting of large
coarsely granuled cells situated anteriorly and followed by a zone of
second variety behind, which includes small finely granuled cells.
Such a distinction in these cells, hoth as regards structure, relative
position and size, it may be remembered also exists in the frog.
Langley and Sewall® find but one kind of cells in the stomach of
Gasteropodus trispinatus.

Cajetan® corroborates Nussbaum's description of the cells in the
pike, and also finds a similav distinction in the cells of Cobitis
barbatula.

In spite of these discoveries of Nussbaum and Cajetan, which
are of but doubtful value as regards a functional difference, Edinger’s
statement, that chief and parietal cells, as such separately, are absent
in fishes, is still to a great extent true, and it may be regarded as
established that whatever may be the functions of these cells
higher vertcbrates, such functions are performed by one kind of cclls
in fishes. 1In those fishes of which I have studied the stomach
glands for the sake of comparison with those of Amiurus, all, with
the exception of the sturgeon, showed not the slightest difference
from the description alveady given above. T can only compare these
glands to those of the cesophagus of the frog, as described by
Langley*.

The pyloric mucous surface is like that of the cardia and ccecum
in the forms of its constituent cells. Time glands are absent, what
is usually called such in fishes, being simply indippings or crypts of
the memnbrane, and clothed with long cylinder cells which are not
different from those of the general surface. They are found up to
the pyloric valve, where they pass gradually into the crypts of
the midgut. It may be mentioned that as the pylorus is approached,
the crypts into which the peptic glands open elongate, the glands
diminish in length, and finally vanish, leaving in their place a much
elongated crypt.

The membrana propria of the peptic glands consists of fibres of
the mucosa closely applied in the form of a sheath, in which are

! Archiv fir Mikr. Anat. Bd. XXI. 2 Journal of Physiol. Vol. II.
3 Zur Lehre von der Anat. und Physiol. des Tract. Intest. der Fische., Boun, 1883.
¢ The Histology and Physiology of the pepsin-forming glands. Phil. Trans. Vol. 172, Pt. IIL.
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scattered connective tissue corpuscles. Lt never separates with the
gland from the mucosa.

The relation of the capillaries to the various portions of the fish’s
stomach has been pretty accurately described by Melnikow for Lota
vulgaris. These vessels in Amiwrus present no difference from the
given description, except in their connection with the glands. The
following description must. thervefore, follow Melnikow's! to a great
extent.

The arteries of the mesenteric coat become divided into two or
more branches, which pass between the longitudinal muscle bundles,
the proper vessels of which are accompanied by venous capillaries.
The greater branches run into the circular layer hetween whose
bundles they pass to the submucosa. The outline of the vessels
formed around these bundles is generally quadrate. Tn the sub.
mucosa the arterial branches take an upward and a back ward course
toward the muscularis mucosae. Those distributed to the base of a
crypt or suleus immediately pierce the muscularis. within which they
run parallel to the surface and then in between the base of the
glands.  Arteries of large diameter in the submucosa run parallel to
the surfaces of the folds. and give off branches which ascend into the
extreine summit. each of which again in the immediate neighbour-
hood of the mucularis muscosae divides into two or three smaller
branches.  These latter pierce the muscularis mucosie and then
break up into a number of very fine twigs, which ascend between
the glands and parallel to them. Each of these give off to the
others near it a transverse twig, and in this manner arise a polygonal
often an hexagonal field when the glands are viewed in transverse
section.  As many as ten or twelve transverse bands may surround
a gland.  When they reach the base of the epithelial layer and the
hase of the crypts they run very close to these and pass over into
venous capillaries which collect gradually into ones of still greater
size till thev reach the submucosa.

MIDGUT.
The folds of the mucous membrane are highest in the neighhour-
hood of the pyloric valve and appear most distinctly it villi-like
prominences. Such a view is not always obtainable, only so in the

1 Jeber die Verbreitungweise der Gefiisse in den Hiuten des Darmkanals der Lota culgaris.
Archiv fitr Anat. und Physiol. 1866.
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relaxed intestine. A partial distension of the midgut with chromic
acid and alcohol easily demonstrates the connected character or con-
tinuity of thesc prominences as longitudinal folds.

The musculature consists of an outer longitudinal layer with an
inner one of smooth fibres. The latter is the thickest, and in the
pyloric valve increases so as to form the constricting muscle.

The muscularis mucosae is but a thin layer compared to that of
the stomach, and is formed of smooth fibres. The submucosa is very
much supplied with fissure-like cavities which are part of the larger
lymph vessels. Frequently these and the mucosa to the height of the
fold are closely beset with lymph corpuscles, so much so as to obscure
the fibrillar character of the tissues. Thev frequently are more numer-
ous, approximating to patches. but with no definite limit at certain
points. at the base of the cylinder cells in the height of a villus.
‘They are prohably the analogues of Peyer’s glands which appear to
be absent in fishes, although the sturgeon has in the mucosa of its
spiral valve a number of closed spherical cavities surrounded by a
sheath of dense adenoid tissue and filled by a great quantity of
corpuscles. These, I would say, are the nearest, probably the only,
approach to a likeness of Peyer’s glands in fishes.

The surface of the membrane is increased by deep crvpts which
are lined with an epithelium like that of the general surface. These
erypts are never branched, being simply straight tubules. They
represent in fishes the Lieberkiihnian glands of higher vertebrates,
although the epithelium constituting them is not differentiated.

The epithelium consists of long cylinder cells. among which are
found modificati~us of them in the form of beaker cells. The cylin-
der cell is of equal diameter in its upper two-thirds, and has a fine
basal process running into the tissue of the mncosa. T have never
succeeded in isolating it to its fullest extent. As far as it has been
separated it was observed to be varicose in its cowrse and frequently
hranched. The situation of the large oval nucleus is vavious, and
when a section is viewed several layers or stratifications of nuclei
are observed. Nucleolar bodies may be present in the nuclei. In
the protoplasm of the upper half of the cell are a quantity of
granules, fine and coarse, the latter abounding, and after food has
been in the midgut for some time, fat globules. These diminish in
quantity towards the nucleus. In transverse section these cells
appear hexagonal in outline. The peripheral wall is quite thick,
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and is provided with the usual pere canals,  Outside of the cell
walls, and of a diameter equal to that of the cell, are sometimes in
hardened sections small masses which show a swiation parallel to
the pore canals. These are probably in all cases due to a destruction
ot the excessively fine cilia which has been described by Thanhofier
in the frog, and by Edinger® in the cel, pike. carp, &c., and observed
by myself in serapings from the intestine of the living fish. I have
never succeeded in observing their movement. LEdinger suggests
that they are in constant action during digestion. It is impossible
to verify this with certainty, as removal of the cell apparently causes
instantaneous death.  In this respect, as in their extraordinary
delicacy, they are comparable to the cilia of the cylinder cells mingled
with the olfactory cells of the nasal cavity of higher vertebrates.

The beaker cells are guite different from those of the wsophagus,
and this difference correspouds to that between the ordinary cylinder
cells of the midgut and the wsophagus. 1In both cases the beaker
cells are not original structures, but are metwmorphosed products of
evlinder cells. I might mention here that I observed in fresh ciliated
epithelinm from the spiral valve of the sturgeon, several cases of
bueaker cclls still possessing a fringe of cilin.  On the other hand the
effects of the drug pilocarpin teaches quite clearly the origin of the
beaker cells.  After the peristaltic contractions caused by this druy
have passed away, beaker cells are found to he totully wbsent trow
the surface of the intestine und Lieberkithnian crypts, their place
being oceupied by ceylinder cells. A fresh supply is obtained in the
resting intestine, and these can only come from the cylinder cells.

The theca of the beaker cell presents various shapes and sizes
grav.d from the cylinder cell. Sometimes a short portion of the
wall is swollen to form the theea ; the peripheral wall is lost and the
contents become very coarsely granular, the remainder of the con-
tents of the cell being unchanged. Further progress shows the
advance of the wtransformation nearer the nucleus, which, however,
it does not embrace; at the same time the theca loses its swollen
character and becomes elongated. The opening may be as wide
or wider than the original cell. and through it frequently projects
a ronnded mass of the swollen contents.

The crypts of mucous surface are simply those of the pylorus in

1 Pliiger’s Arckiv, Bd. VIIL, p. 391, 2 Loc. cit.
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which the gastric epithelium is replaced at the pyloric valve by
epithelium proper to the midgut.

Edinger found in the carp these crypts surrounded by lyumph
vessels imbedded in the fibrille of the submucosa. Such has been
my observations with these structures in the cat-fish.  Soluble
Prussian blue injected by means of a hypodermic syrvinge into the
wall of the intestine, generally filled vessels of irvegular size sur-
ronnding the crypts.

The arteries of the intestine pass through the muscular lavers at
right angles and reaching the submucosa, the large branches run for
a short distance parallel to the surface, and give ofi’ divisions which
ascend into the mucosa and between the crypts. Their twigs then
forin meshes embracing the crypts.  The capillaries run immediately
under the superticial epithelium. Fine venous capillaries are con.
tinued from these and unite as they progress towards the submucosa
into larger branches. The arterial branches in the summit of a fold
also form a connected mesh of fine capillaries.

ENDGUT.

The muscular walls of the endgut or rectum assume a thickness
greater than in the midgut. The outer longitudinal fibres hecoms
arranged in separate bundles posteriorly which go to insert them-
selves in the walls of the vent. The circular layer has a thickness
relative to the longitudinal one proportionally greater than in the
midgut. Large bundles from it grow inward carrying the sub-
mucosa with them between the two surfaces of the valve separating
the midgut and endgut. This acts as a sphincter muscle in making
the valve tense. The folds of the mucous smface of the endgut are
less conspicuous than they are in the midgut. Tley are fewer in
number, narrow and longitudinally arranged.  No transverse furrows
on these give the appearance of villi. The crypts are about as
numerous as in the midgut, but nwrower and longer.  Crypts ave
present on both surfaces of the valve, and like its epithelium pre-
sent transitional forms between those of the midgut and those of
the endgut.

The epithelium is constituted of cylinder cells not differing in
shape from those of the midgut. They are, however, not so long,
that is, the portion outside the nucleus is shorter, the peripheral wall
is thinner, and appears to pass without clear distinction into the
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protoplasmic contents below, which are of the smme character as
those of the superficial cells of the midgut. The peripleral wall
rarely shows pore canals ; when these are present they are few to the
cell. The beaker cells are like those of the midgut in every respect,
excepting that their theca are rounder and shorter.  The crypts are
clothed with an epithelium like that of the ordinary surface. As
the vent is approached the height of the epithelial cells grows less
and less, until finally at the vent it is columnar or even flattened.
In the latter half of the endgut clavate cells have been sometimes
observed differing not from the description given of these above.

The arteries and capillavies are arranged in the endgut just as in
the midgut. The course of the arteries in the snbhmucosa is parallel
to the conrse of the folds. tu every one of which there is apnmarently
a larege submucous branch.

THE LIVER.

The liver of the cat-fish is sitnated at the anterior termmination of

the belly cavity., and is closely applied both to the aponeurotic

vall and to the @sophagns.  The peritoneal covering of the aponeu-
rotic wall is reflected over the hepatic veins to the liver, while a
fold of the mesenteric membrane, embracing the wsophagus expands
to cover the liver. and, passing behind it. is closely attached to the
surface of the gall-bladder to the pancreatic- and bile-ducts.

The liver is in weight about from one-thirtieth to one-twentieth
that of the body as a whole.  Tts color is reddish-brown, —pathologi-
cal conditions, which also increase or diminish its weight, vary its
color, especially during the summer months. I have in several cases
observed an extremely yellow color, due, probably, to the resorption
of the bile. There is no pigment in any part of the liver bevond
the proper pigment of the bile and such blotchings as sometimes
were present were due to no discoverable reason.

The liver is easily lacerable, and is of a jellv-like consistency.
This latter property is due to oily fluids which show their presence .
in pieces hardened in alcohol by the strong * fishy’ smell.

The lobated formation of the liver is not distinetly marked. The
lateral halves are quite similar, although that of the left may have
quite a number of lappits distributed on its posterior surface which
are absent from the right.  The bridge connecting the two portions
is not as thick as the remainder of the mass of the liver. A sulcus
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on the postero-inferior surface forms a line of division over which
sometimes a lappet from the left stretehes on the rvight halt for a Jit-
tle distance.

The lobes distinguishable on Loth halves. in the mwajority of cases
observed, are as follows :— .

An antero-lateral lobe, not constant, stretching upward and back-
ward ; it is generally long and slender.

A postero-lateral, somewhat smaller than the preceding, and
directed horizontally outwards.

A postero-median, large, directed backward, that of the right side
almost covering the gall-bladder.

These lobes may or may not be the same in size for both halves, as
a considerable amount of variation is always present.

The lobulation on the surfuce of the liver in the cat-fish does not
appear prominently or clearly.  This is owing to the smallness of the
lobules and to their passing almost without interruption into one
another. In the gorged condition of the liver they can be easily
seen as polygonal spaces, and measure ubout (-5 mm. on the average.

The gall-bladder is of elongated oval shape, with its long axis
directed straight backwards.  Anteriorly it passes into an arch-like
eystic duct toward the middle line which receives 810 hepatocystic
ducts in its course and hecomes the ductus choledochus, at first large
but decreasing in diameter backwards. It enters into the intestine
in mtimate connection with the pancreatie duet which lies above it.
Both open separately, each on papillie on the inner surface of the
transverselv ducted portion of the mid-gut, ahout two centimetres
from the pyloric constriction.

There are two coats to the liver. The outermost, the serosq, easily
separable, is simply the peritoneal fold, and having all the characters
of the mesenteric tissue.  The other, more clasely applied and inside
the former, is apparently of flat epitheloid structures, hardly isolable
from the close arrangement of the hepatic capillaries on which they
lie. They may be analogous to the cortical cells described by
Eberth! in the amphibian liver.

The liver of the cat-fish is very poor in interlobular tissue. A fair
amount enters the portal canal, but following the finer ramifications
of the portal vein. the pancieas increases in volume, its acini twining

b arehiv fiir Mikr. Anat.—=Bd. 11, page 430,
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around the walls of the vein leaving but little room for other strue-
tures than the gall-ducts and hepatic arteries. Tn the finer interlo-
bular septa picrocarmine reveals very little connective tissue.

The arrangement of the blood vessels in the liver is, on the whole.
the same as in the higher vertebrates. There are, however, minor
differences. The interlobular veinlets, before they pass into the
radial capillaries, are closely gathered together to form as it vere a
wall to sepurate two neighbouring lobules which are theveby sharply
detined.  The course of the radial capillaries from the central vein
outwards is very irregular. The spaces enclosed by two adjacent
radials and their transverse branches, instead of being uniformly
gradrilateral as in higher vertebrates, are more or less rounded.

The different gall-ducts are lined with an outer fibrous and un
inner epithelial coat.  The fibrous layer is formed of connective tis-
sue tibrils and plain muscle fibres, the latter situated inside the for-
mer. which passes into the differently arranged scanty connective
tissae surrounding the duct. Staining with picrocarmine easily
reveals this arrangement. The inner or lining coat of epithelium
cousists of a single layer of short cylinder cells. They are slightly
granular, and their nuclet are placed near the bases of the respective
cells. A peripheral wall is present.  As the ducts become more
finelv beanched these cells become columnar, then oval ; at the sune
time the fibrous layer loses its connective fibrils, those of the muscu
Lar coat becoming much decreased in gquantity and finally vanishing.
When the connective tissue is absent hut the muscular fibrils still
present, the epithelium becomes scale-like, forming, when the muscle
fibres vanish, a thin wall for the Iumen of the gall capillary. I
have not succeeded in following them to their terminations in the
hepatic cylinders, but believe that they terminate, as Hering and
others describe, by their epithelium becoming exchanged for liver-
cells, which here. however, do not pussess a thickened border disposed
toward the lumen of the gall capillary.

As already stated, very little if any connective tissue enters be-
tween the lobules, and thence the sole supporting stroma is formed by
the blood capillaries. Thereis a complete absence of those cells. other
tha.a hepatic, which sometimes characterize the livers of higher ver-
tebrates. Kupffer's stellate cells, which are rendered remarkably
distinct in other livers by methylene blue, cannot be detected here.
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The hepatic cells are of small diameter, speaking comparatively,
measuring on the overage 12, the smallest obhserved being 9-5 u,
and the largest twice that size. Their charvacteristics are most easily
observed in the fresh state, when they are obtained by drawing the
edge of a knife over the cut surfuce of the liver. Examined in salt
solution, at the ordinary temperature of the room. the single cells
exhibit curious movements and forms. This fact has been fully de-
scribed for the hepatic cells of mammalian livers. The movement is
usually designated as an ameboid one, but is sensibly different from
it, as no protrusion of processes occurs. In the majority of casesa cir-
cular constriction appeuars at one pole of the cell, and slowly travels
toward the opposite pole ; when at the eguator of the cell it gives
the appearance of a dumb-bell. Before this constriction has disap-
peared a second one may arise, and even a third. at the same pole.
The locomotion arising from this wmay be little or nothing. An in-
crease of temperature has no effect on the rapidity of the contraction
or constriction. A flow of the contents of the cell from one part to
the other during contraction occurs, while that porsion of the cell
which forms a thin sheath for it apparently brings about the contrac-
tions or counstrictions. The sheath is quite free from granules, and
formed ~f a clear substance not marked off definitely from the granu-
lar central mass other than by the absence of granules.

When in the resting state the cell is perfectly spherical, although
such is not the case in the fresh liver. Young cat-fishes of about
one to two inches in length, offer iivers which when carefully re-
moved give good opportunities on account of the thinness of the
lobes for observing therefrom any movement of the cell.

The liver cell contains beside large nuclei of 3 12 and 4 1 in diam-
eter, oil globules, and a few pigment granules. In the nucleus may
be one or more nucleolar bodies. In the cell itself, in fresh condi-
tion, there can be observed five processes radiating from the nucleus.
Hardened in Miiller’s fluid or in a solution of potassic bichromate,
the fine intracellular reticulation can be observed to be unequally
distributed throughout the cell. It seems to be aggregated around
the nucleus, and from there radiates to the side of the cell which
borders on the gall capillary, i.e, away from the blood capillary.
"The reticulation encloses nearly all the pigmented granules, the 1e-
mainder of the cell being pretty free from them.
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Kupffer has described delicate offshoots of the wall capillary pene-
trating the cell and terminating in swollen cavities occupied by oil
globules, T have tried to verify such a deseription as far as the
liver of the cat-fish is concerned, and although T have employed arti-
ficial injections of Berlin blue and natural injections of sodium
sulphindigodate, yot I have found nothing answering to Kupfler's
view. In the artificial injection which Kupffer employed it is guite
possible that lateral canals penetrating the hepatic cells with bulb-
ous terminations may have been due to mechanical causes.

The hepatic cells are arranged in a definite way, and this arrange-
ment appears different according as the lobule is cut longitudinally
or transversely. When cut longitudinally the capillaries, when
they run parallel, are separated by cylinders usually of two rows
of cells, this cylinder being interrupted at cvery fifth or sixth
cell by a branch between the two capillaries. Between the two
rows of cells will always be found a gall capillary. In this case
the resemblance to the tubular gland is very striking. It is also to
be noted that nuclei of the hepatic cells are situated nearest the
blood capillary.

When the lobule is cut transversely, towards its centre there are
a number of capillaries also cut across and placed in the field of the
microscope at pretty definite positions. Around these capillaries the
hepatic cells are circularly arranged in such a way that the circles
are contiguous and that invariably two cells separate two neighbowr-
ing capillaries. Here, again, the gall capillary is to be found be-
tween the two cells. When the section contains a number of capil-
laries cut regularly across, and at a position where they are joined
by cross branches, such a view as that given in Fig. 10, is obtained.
In this figure the resemblance to a gland tubule is complete.

If the fresh isolated cell be carefully observed no trace of thicken-
ing or marking on the cell surface can be found; when the gall
capillary was situated where the blood capillary cannot now be dis-
tinguished. This has special importance regarding the question of
the absence or of the independent existence of the gall capillary.

Hering' maintained that the liver cells were a direct continuation
of the epithelium clothing the coarser gall ducts and that the liver cells
enclose between them the gall capillaries as intercellular passages.

1 Sitzungherichte der Wiener Akad., Ad. LIV., and Arch. fur Mikr, Anat., Bd. III.
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Eberth! also describes them as ending in the same manner. but also
finds that they are lined by a doubly contoured membrane very
delicate and browning in silver nitrate injections. This membrane
is no where isolable or independent of the cells in contact with it,
and is absent altogether in fishes. Haidenhain and Peszke,? by fill-
ing the gall capillaries with sodium sulphindigodate and macerating
the liver tissue in a solution of potassic bichromate and sodium
chloride obtained the capillaries filled with the blue compound com-
pletely isolated as minute pieces of tubules, formed of a doubly con-
toured membrane otherwise apparently structureless.

My observations agree in the main with those of Hering and
Eberth : in the case of the latter aunthor as faw as the structure of
the capillaries in fishes is concerned.

In uninjected livers it is almost impossible to tind the gall capillary.
On the other hand, when injected artificially or by the natural
method, it is of considerable breadth. Injection of silver nitrate
will but fix and harden the adjacent portions of the liver cells, and
thus is formed, apparently only, a capillary membrane. Peszke’s
method will not show the presence of an independent capillary in
tishes. From these facts I would conclude that the capillary is an
intercellular passage, which in hardened sections is absent, but which
during life exists by reason of the power of the cells to select and
deposit in that particular position the necessary products of its secre-
tion. If the cell is in active secretion the passage has a greater
diameter. If secreted products be absent, or if they be dissolved
out, as is the case in hardening reagents, the passage disappears.
The presence or absence of it thervefore is much like the presence or
absence of a lumen in the gastric glands in some vertebrates.

The gall-bladder is not folded to any extent on its inner surface
when in the fresh condition. In hardened portions when the muscular
coat has shrunken, the mucous coat is thrown into minute folds.
These two coats are not sharply distinguishable. The outer bundles
of muscular tissue are longitudinally arranged, but in quantity are
very few. They frequently take an oblique direction, especially
about the mouth of the bladder and in the cystic duct. The inner
circularly arranged coat of muscular fibres is by far the thickest.
Into it the fibrous tissue of the mucous coat enters and frequently

1 Virchow’s Archiv, Bd. 39, and Arch. fir Mikr. Anat., Bd. IIL.
2 Hernann’s Handbuch der Physiologie, Bd. V.
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separates the fibres into bundles. Both muscular coats may at posi-
tions quite change their directions, so as to leave it doubtful if there
is more than one coat. Fibrous connective tissue enveloped these
on the outside, and on this again is superposed the mesentery. The
mucous coat contains coarse connective tissue fibres and has imbedded
in it numerous arterial branches which divide and rise under the
epithelium layer. Very few lymph corpuscles were observed
Beneath the epithelium the fibres hecome arranged more densely
and give the appearance of a muscularis mucosae. They form a
basement on which the epithelium sits. This stratum of densely
arranged fibres runs up into wninute ridges in which small arterial
capillaries and venous capillaries anastomose.

The epithelium consists in the main portion of the bladder of
long cylinder cells, slender, but of larger transverse diameter in its
mouth and in the cystic duct. The protoplasm is very finely granular
and surrounds a large oval nucleus. The outer peripheral border,
easily lost in reagents, does not possess the striation that Virchow!
describes for other vertebrates. The basal processes are very slender,
often divide into two or more branches, and interlace with the fibres
of the mucosa.

In the main portion of the gall-bladder there are but few glandular
follicles or erypts. In the arched portion of the duct of the bladder
they are much more numerous, and a few may be of such length that
a portion of it is bent so as to be parallel with the mucous layer.
The cells lining them are cylindrical or rather columner, which in
sections never exhibit a peripheral border, at least it is not manifest
in fresh. A cross section of the tubules very often reveals slimy
masses in the lumen. The cells do not differ otherwise from those
of the general surface, and may have each a peripheral border like

them.

THE PANCREAS.
For nearly half a century betore 1573 the presence or absence of
a pancreas in the Teleost fishes had been one ot the disputed ques-
tions among anatomists. It may be convenient to go briefly into the
history of this dispute, as it led to the discovery ultimately of a true
pancreas.

1 Virchow's Archiv, Bd. XI., page 574.
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As early as 1827, Weber! deseribed the presence of a duct in
Cyprinus curpio running parallel to the ductus choledochus and
originating in the central lobe of the liver ; as he found no distinet
pancreas, he regarded the portion of liver mentioned as performing its
function, since it differed from the rest of the liver in color, form,
attachment to the intestine, and division into lobules.

A little later Brandt and Ratzeburg described a glandular body
in Silurus glanis, much like the liver and extended behind it envelop-
ing the ductus choledochus. This organ, they helieve, to be the
pancreas.

Cuvier® maintained that the pyloric coeca were glandular organs
performing the functions of « pancreas.

Alessandrini® discovered a pancreas in the pike and the sturgeon,
the latter having also a complicated pyloric appendage.

Johannes Miiller! and Steller separately showed that in some fishes
both pancreas and pyloric coeca may coexist, while in others the former,
as a well developed organ, may occur in the absence of the latter.
The genus Lote was mentioned as an example of the first-named
condition and Silurus and Murane of the latter condition.

The organ described as the pancreas in the pike by Weber, Cuvier
believed to be part of the liver proper, and added that he had seen
an excretory duct in a very large Stlurus, opening into the midgut
and terminating in the right lobe of the liver. This duct he ve-
garded as an hepato-intestinal dnct.

The view that the organ generally regarded as the liver in fishes
is divided into a bile-seereting portion and a trypsin-secreting portion
was held by Stannius.

Bernard® in 1856 described a pancreas present in the intestines of
an unknown specimen of fish and also in the turbot. In those fishes
in which a pancreas was not observed, Bernard supposed that its
functions were performed by the mucous coats of the midgut.

Nothing important was added to these observations until 1873,
when Legouis® determined the presence of a pancreas in all fishes
studied by him. His work has been the most important yet as lay-

1 Meckel’s Archiv, 1827,

2Cuvier ¢t Valenciennes. Histoire Naturelle des Poissons, Paris, 1828,
3 Novi Commen. Acad. Scien, Institut, Bonon, 1836, Tome IL.

4 Miiller’s Archiv, 1840, page 132,

6 Legons de Physiologie experimentale. Tome IL., page 478.

6 Anuales des Sciences Naturelles, 1873,
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ing at rest a question of long standing, although his statements were
contradicted by Krukenberg' and coutirmed by Nussbaum?®  Cajetan?,
a pupil of the latter, studied and described the pancreas in Anguille
vlgaris, Esox lucius, Truatie fario, Perce fhuviatilis and Cobitis
barbatule, and tests his results by digestive experiments in several
cases.

There are no pyloric appendages in the cat-fish. In searching the
intestines microscropically a pancreas also is not to be found. I could
find no organ in .{miurus as that described by Brandt and Ratzeburg
as occwrring in Silwrus.  On the other hand, in endeavoring to find
the duct described in the last named fish by Cuvier, T discovered
one which hut little answered to it, but which as I found afterwards
is the duct of the true pancreas.

This pancreatic duct runs almost parallel to the ductus choledochus
and above it.  The pancreatic duct is always the paler of the two, as
the other takes more or less the color of bile. Half way between
the intestine and the liver it divides into two or three branches,
which run above the arched portion of the ductus choledochus into
the liver substance along with the cystic ducts on both the right and
left side of the middle line.

In the larger channel cat-fishes the duct is large enough to admit
the insertion of a canula for the purposes of injection, and by this
means the branching of the duct can be easily perceived. The finer
tubules, . e., those of the gland proper, cannot be injected.

If the interlobular branches of the portal vein be injected with some
material which will fill them to the exclusion of the finer branches,
and if a section of liver thus injected be made, in such a section we
can at once see the distribution of the gland tubules of the pancreas.

They are found to be arranged some cireularly, some obliquely and
some longitudinally about the interlobular vein, the arrangement
being so distinet as at once to mark them off from the surrounding
hepatic tissue. The cellular elements of these acini are light colored
when compared to the hepatic cells, and take a lighter ov a darker
stain than thosc, according to the staining fluid used.

Fig. 11 gives a view of such a section. It is there observed, as is
usual in other sections, that the gall ducts are to be found outside of
the pancreatic tubules, some of which are cut across.

1 Kukne’s Physiol. Untersuch. Bd. I1. p. 385. 2 Loe. cit. 8 Loc. cit.
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A glycerine extract of the liver digests fibrin in a 0-3 7, solution
of sodium bicarbonate, requiring but a few hours for a picce of
moderate size.

In young cat-fishes, of from one to two inches in length, and from
which I made a series of sections in the neighbourhood of the liver and
midgut, I was unable to find a trace of pancreas. This is possibly to
be explained, as Bernard suggested, by the supposition that digestion
by the stomach is quite sufhicient for the food of young fishes. It is
also to be observed that hepatic tissue does not penetrate between all
the capillary vessels of the liver. It is quite sufe to say that the
pancreas is of later development, and is connected with the portal
vein in some such way as to be dragged by it into the liver when the
latter increases in size.

The fact discovered by Krukenberg that the extracts of the livers
of different fishes accomplished a tryptic digestion may he explained
by the possible distribution of the pancreas in the liver in the way
that is describe 1 above. Awmong those fishes studied by this physi-
ologist, were Perca fluviatilis, Labrax lupus, Belone rostrata, Crenila-
brus prvo, Dentex: vulgaris, Trigle hivundo, Sargus Rondeletit, Gobius
niger, &e.  In Perce fluviatilis, according to Cajetan, the pancreatic
ducts entwine about the portal branches till they sink into the liver.
It may be added that it is possible in this fish, as well as in those given
above, that the pancreas follows the portal vein as it does in the cas-
fish. The organs so affected are, however, by no means to be denomni-
nated a hepato-pancreas. as that name is understood in invertebraze
anatomy.

A more careful study of the pancreatic tubules in the cat-tish
shows that it undergoes the ordinary changes effected during diges-
tion. In a fasting condition the cells ave filled with granules. the
round nucleus situated near the outer part of the cell. and the whoie
stains feebly in carmine. When the liver is cut out four or five
howrs after the fish has heen feeding, the granules are gathered into
a region adjacent to the lumen of the gland, and this portion stains
feebly, the rest of the cell strongly, in carmine. Fig. 11 gives a
representation of this stage.

I could observe a membrana propria for these gland tubules as
little as in those of the gastric glands. The fibres of the connective
tissue surrounding them are arranged in a dense sheath which serves
all the purposes of membrane.
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THE AIR-BLADDER.

The air-bladder of the cat-fish takes up in length about one half
that of the belly cavity, and measures across at its broadest end
from one-half to two-thirds its length. It narvows posteriorly and
hag a rounded termination, while the anterior face is broad and is
covered by the head portion of the renal organs. It is covered up
on its lower surface by the peritoneal folds.

The dorsal surface has a groove into which the vertebral column
fits, elsewhere the suirface is even. The duct arises from it at the
commencement of the middle third, and passes forward and down-
ward to the esophagus.

There are three cavities in the air-bladder, two of which each
communicate with a third, the anterior one. The long axis of the
last named is directed transversely and occupies the broadest portion
of the bladder. The long axis of the two others are parallel and are
directed backward. The connection of each of these with the
anterior one is by an aperture narrower than its own transverse
diameter. Tt is with the anterior chamber that the duct communi-
cates, opening at its posterior lower edge.

There are two coats in the wall of the air-bladder. The onter
white, and of some thickness, exists as such at all points, except a
part of the dorsal surface. On the sickle-like auditory ossicle and along
several vertebral segments it is but a thin transparent membrane,
closely connected with and united to the ossicles and vertebrz,
Opposite the opening of the duct into the bladder the membrane
again becomes thick and opaque white. This coat alone is connected
with the auditory ossicles, and to its thickness, as well as to its
constituents, it owes some of its stiffness.

The inner coat is very thin and membrane like, and is conformed
to the walls of the various chambers. Between the median walls of
the posterior chambers is a single wall due to the fusion of the two
outer coats. The outer coat also surrounds and enters closely into
the constrictions of the openings of the posterior chambers into the
anterior one.

The outer coat is formed of connective tissue fibres and elastic
fibres. The former are long, needle-like, and whitish as if calcified.
The stiffness of the outer coat is due wholly to these fibres. When
put into dilute acetic acid for several hours they swell up into a
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jelly-like mass.  These fibres are arranged in every direction, but for
the most part longitudinally, then transversely. The longitudinal
fibres ave generally outside. In acetic acid the jelly mass shows
stringy portions arranged parallel, not constantly, however. The
second set, or clastic fihres, are very numerous, and show an exten-
sive branching and inter-communication sometimes swrrounding,
sometimes penetrating, the bundles of gelatinous’ matter.

The inner coat, the membranous wall of the bladder cavities, con-
sists of a layer of flat hexagonal cells, and outside this « fibrous layer.
The flattened epithelium is disposed alike over the inner surface and
does not, differ in development over the capillaries, as has been de-
seribed to be the case in other fishes. The contents of each cell are
clear and the nucleus is round and conspicuous. The mucous layer
beneath consists of connective tissue fibres not very closely arranged.
No elastic fibres were found. No muscle fibres could be made out
either plain or striated.

The blood supply of the air-bladder is obtained from the arieria
celiaca, the vessel entering the organ at the origin of the duct, and.
after giving several branches to the outer coat, it enters the inner
membranous coat, and is there ultimately distributed. Tt divides
into two main branches and several smaller ones; the main branches
pass one to each side on the walls of the posterior chambers, while
the smaller ones traverse the walls of the anterior chamber. Each
anch is accompanied by a vein arranged both in such a mauner
that the two are in parallel course and side by side. Both branch
simultaneously, and the different branches are again connected after
some distance by capillaries. It also often happens that the area
supplied by one branch also possesses some of the capillaries and
finer twigs of a second branch. Usually each fine arterial branch has
a region set apart, and there it nltimately divides into fine anastom-
osing capillaries which ave drained by various capillaries also origin-
ating in the same way.

The larger venous branches are very often varicose, appearing often
like sinuses.

There is no blood-gland in the wir-bladder of Amuinrus in the sense
in which that word is used.

The blood of the air-bladder is collected in the mesenteric veins
and carried onward to the heart.
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THE BLOOD-VASCULAR SYSTEM,
DUCTLESS GLANDS, AND URO-GENITAL SYSTEM OF
AMICRUS CATUS.

BY T. M(KENZIE, B.A,,

Follew of Universitic Colleas, Trente

The object of the present paper is to complete. as far as possible,
the description of the anatomy of Amirrns.  The works of Stannius!,
Owen? and Wiedersheim®, have furnished the basis for the points de.
seribed, but special papers have also been consulted.

1. THE BLOUD-VASCULAR SYSTEM.
This has been carcfully worked out in the different croups of fishes,
and as the parts and relations in dmivres are in the main similar to
those of other Teleaster, sucit genersd knowledae is assumed.

THE HEART.

The heart is situated entirely in fre A the fivst vertebira, The
pericardinm which encloses it, is in contact with the corucoids on the
ventral side.  The hyvopectorales museles which arise from the inner
carved surface of the coracoids form t! - lateral houndaries. and
coming together anteriorly give a trizngular shape to the cardiac
space.  Above, it is covered by the floor of the moutls Lad the copula
of the posterior branchial arches or their eyuivalents.  The prsterior
houndary is formed ventrally by the upward curve of the posterior
horder of the covacoids, and dorsally by the aponeurotic membrane.
The stout coracoids are about 30 mm. wide in the median hne. and
extend from behind the sinus venosus to the upward curve of the
truness arteriosus. Tt is plain that no other spot in the hody out-
side the brain-case would afiord such security to this vital organ.
The outer coat of the pericardium is inore or less attached to the sur-
rounding surfaces.  The heart lies free within the pericardium, which
is attached anteriorly to the truncus and posteriorly to the dovsal and

U Handbech der Avstotie der Wirhelthiers
2 Anatomy of Vertelrates,
" Lebdlaceh derverah, At dor Wik eltt g e
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ventral surfuces of the sinus venosus and ductus Cuvieri, and con-
tinued over their anterior surfuces.

The sinus venosus lies between the pericardium and the ‘aponeu-
rotic wall’ and is but little larger than the sinuslike vessels of
which it is the termination. Its anterior surface is attached to the
posterior surface of the atrium in the median line of the body. The
apening hetween them is guarded by a pair of large semi-lunar valves
which not uncommonly hecome united at their extreinities and pre-
sent the appearance of a diaphragm with a central opening, the ordi-
nary slit, 3-5 mm. in length, being reduced to « morc or less rounded
passage as small as T mwm. in diameter.

The atrinm is a flattened chamber, 14 mm. long and nearly as
broad at the posterior end. It lies to the left and over the dorsal
surface of the ventricle, extending from behind its apex to the anter-
ior extremity of the bulbus. The thick rounded posterior border of
the atrium is divided into two lobhes; laterally and anteriorly the
chamber thins out to an edge and narrows anteriorly to a blunt apex.
The wall is formed 0 -nective tissue and is very thin. To this
wall the Zibecule oy iae are attached and run in various directions
along the wall and across the chamber. leaving, however, several free
spaces.  The Iavgest of these spaces is opposite the opening into the
ventricle. and the muscle-bundles which surronnd it arve directed to-
ward this point and expel the blood by drawing the wall of the
atrium toward the opening, while by the same contraction they ex-
pand it.  The wall of the atrium snrrounding the osiivm atro-vent si-
~ulare s strengthened by a muscular ring and thickening of the con-
nective tissue.  The union of the atriuin and venwicle ix effected by
the attachment of the outer smifices of the connective tissue of each
wall.  Where this takes place the connective tissue sends strong in-
terlacing processes into the museular ring and the muscles of the
ventricle. At places muscular tissue also passes from one to the
other.  Where not interrupted by these muscles the connective tissue
of the wall joins similar tissue covering the inner surface of the mus-
cular ring to which the pair of vertical semi-lhmar valves closing the
opening are : ttached. .

The ventricle is somewhat cvlindrical in form and slightly curved
tewards the dorsal surface.  The connective tissue-coat is as thick as
that of the atrium. The muscular tissue is divided into two distinet
portions, wn outer layer, the muscles of the wall, and within this the
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muscles of the trabeculie.  Processes from the connective tissue layer
pass in amony the muscles of the wall, and, uniting again, form an
inner layer to which the muscles of the trabeculwe are attached. The
fascicnli of the latter resemble those of the atrium, but are placed
more closely together. Their arrangement leaves a central cavity
which extends from behind the atro-vencricular opening to the bul-
bus, and many swaller spaces as well.  The surface of the ventricle
is smooth, and between the two sets of muscles there are no lymph
spaces as deseribed by Kasem-Beck and J. Dogicl' in their investiga-
tions on the heart of Zsorx and Acipeaser.  There are Lurge spaces in
the inner conneetive tissue layer toward the apex, opposite the ostiwm
atro-ventriculare, but they are blood-cavities connected with the
other spaces of the ventricle.  While I have not attempted to demon-
strate the endothelial layers deseribed by the above-mentioned inves-
tigators, I doubt the existence of the inner one in Aminrus, for at
points the muscle-fibres of the one layer pags into the other as do alsa
the connective tissue fibres, except at the spaces.  In comparing the
structure of the ventricle with that of the atriumn the only differenc:
is that the former has a dense musenlar layer without blood-spaces
developed between the connective tissue layerand the rabecnle corne,
which greatly strengthens the wall.  The heart of such fishes as are
supposed to possess double walls should be further studied, and
especially its development.

The basc of the halbus is provided with a narrow neck which is
inserted into the central cavity of the ventricle to which it is attached
by its outer surface. At this opening a pair of valves is attached
to the muscles ot the ventricle similar to those attached to the atrium.
Their extremities, however, extend forward as ridges upon the wall
of the bulbus to strengthen them. Curving upward the bulbus
passes into the truncus arteriosus, which runs ahmost at right angles
to the axis of the ventricle.

The walls of the bulbus, ventricle and atrinm are well supplied with
blood-vessels. An artery passes along the dorsal surface of the bul-
bus to the ventricle; where it divides in two steins which distribute
themselves on each lateral surface.  Another artery runs along the
ventral surfice of the bulbus and ventricle and gives off a branch ou
the former to the dorsal surface of the latter. The veins pass back-

1 Beitrag zur Kennt. d. Structur u. Function d. Herzend. Knocien-fische, Zeit. fur wiss. Zoe
Vol. XXXVIL, p. 247,
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wards over the atrium and sinus venosus. These vessels are confined
to the connective and muscular tissue of' the walls, the main stems
lving wholly in the connective tissue layer.

THE BRANCHIAL SYSTEM.

The hranchial arteries to the third and fourth arches arvise from
the truncus arteriosus by a single stem which runs backwards and
npwards to the anterior end of the median ventral ridge of the
triangular cartilage uniting the fourth and fifth arches. Over this
it divides into two stems, which immediately divide again, the
anterior divisions curving forwards and outwards to the third arch,
and the posterior pair backwards and outwards to the fourth «-ah.
This arrangement is not uncommon among Teleosts according to
Stannius.!  The truncus passing forward gives off the arteries to the
second and first arches, not in pairs, but alternately from the dorsal
surface, first to the right and then to the left, ending in the left
stem of the first arch.

The general features of the hranchiel arches have already been
deseribed by Prof. MeMurrich in his paper on the osteology of
Aminrns® T shall therefore content myself with following the
cowrse of the blood through them, without attempting a description
of their histelogical structure, which has been exhaustively done for
other Teleosts by Riess,® Hyrtl, Droscher.! &e.

The wrt. dranchiales enter the gills upon the posterior side of the
arch, nearly 10 mm. from the termination of the filaments which are
continued forwards upon the membrane, in posterior arches beyond
the attachment of the adjacent arch. To supply these filaments with
blood the artery sends back a branch after entering the canal. In
the canal the branchial artery is placed farthest from the bottom
of the groove, beneath the rudimentary diaphragm, and gives off a
hranch to each filament of the double row. The artery passes out-
wards upon the inner side of the filament, while the vein, which
gathers the blood from the capiliaries, veturns upon the outer side
and passes avound the branchial artery to enter the branchial vein
which lies along the bottom of the groove. The branchial nerve lies
directly between the artery and vein.

¥ Loc. cit., p. 240, 2 Vide, p. 292,
3 Arch. fiir Nat., 1881, Jahry, 47, p. 582
4 Areh. fiir Nat.. 1882, Jharg. 48, Heft. I. & 11.
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The vene branchiales leave the gills at the dorsal end of the arch
much as the arteries entered at the ventral end. Both the artery
and vein of the first arch arve straight vessels entering and leaving
near the termination of the filaments, and so not reguiring a branch.
The fourth vein leaves the gill below the bend in the areh.

Each braunchial vein sends a branch backwards to the hyoid and
mandibular regions while yet within the gill.

THE ARTERIAL SYSTEM.

The course and relation of the branchial veins (Pl VIIL, Fig. 1,
I, I1, 111, IV.) are as follows. The first branchial vein runs at
right angles to the longitudinal axis of the skull, and near its base
gives off’ two branches (c. e, and e <n.). which I have called the
external and internal carotids. It then twns hackwards along the
ventral surtuce of the anterior cardinal, and is joined by the second
branchial vein.  The vessel thus formed unites with its tellow from
the opposite side to form the aortee descendens.  An artery to the
pharynx, &e., springs from it at varying points.  The vessels f “med
by the union of the thivd and fourth bhranchial veins enter from each
side immediately below.

The first branch from the descending aorta, after the junection of
all the branchial veins, is a small impaiv artery from its median
ventral surface to the heand-kidney. (Fig. 1, 24 Immediately
hehind it arises the awtrrin colicco-ms senterice (Fig. 1, cm), a large
single stem which supplies all the viscera, except the kidney. It
passes downward between the air-bladder and the head-kidney, and
w the right of the wsophagus. The first branch supplies the air-
hladder, the second the esophagus and stomach, the third is the
hepatic artery, the next branches pass to the antevior end of the
intestinal tract, and then the splenic artery is given off.  Here the
mesenteric artery divides into two stems which follow respectively
the right and left walls of the mesenteric fold and supply by many
nearly parallel branches each its own Lalf of the intestine.!  The
left eis. that branch sitnatel upon the attached pertion of the
mesentery is the larger, and from it springs the genital avtery near
the anterior end of these organs.

One other impair artery is given off’ into the body cavity at its

1 For the sdhistribution in the various organs of the branches of the artevin eazliacoaneseuterniea,
Neepting the splende and gemial arteries, see Mo Macallian's paper,
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posterior end.  This vessel passes directly downward through the
substance of the kidney to the mesentery, and anastomosing with
the left mesenteric artery is distributed with it to the rectum.

The descending aovta behind the orvigin of the ceeliaco-mesentevic
artery enters a deep groove (PL IV, Fig. 7) on the ventral surface
of the fourth vertebra to pass the attachment of the air-bladder.
Throughout the vest of its cowrse in the hody-cavity it lies upon the
ronnded surfaces of the centra. In the tail as the wrt. eandulis it
occupies the bottom of a groove on the centra, and is further pro-
tected by the hwmal arches and by the short spines which arise from
the sides of the groove between these arches. A longitudinal dorsal
ridge projects into its lumen as in some other forms.

The arteries given off to the trunk and tail arrange themselves in
three sets, newral, lateral and Awnuwd.  Bach pair of neural and
lateral branches arise by common stems, which, passing around the
vertebra, give off the lateral arteries about the middle of the centrum,
and ave then continued upwards along the posterior surface of the
neural spine as the neural arteries.

The lateral arteries pass outwards by the division in the lateral
trunk musculature along the ‘lateral line,” giving branches to these
muscles.

The nenral arteries divide into branches which run between the
lateral muscles and supracarinales, and branches which pass upwards
in the median line hetween the supracarinales.

The Lemal avteries have similar relations to the ventral muscles.
They arise independently, and run upon the anterior surface of the
hemal spine.  Throughout the length of the body cavity these
arteries (zrtercosteeles) run with the nerves between the peritoneal
lining and the muscles of the body wall.

These vessels present the sawme irregularity in Amawrus as is found
in other Teleoster. A large number have entirely disappeared or
been greatly reduced in size, and the blood is distributed by large
single stems, now from the right side and now from the left, giving
branches to both sides of the body and spreading over from two to
five myomeres.

The lateral arteries and the hamal arteries of the body cavity can,
from their position, supply only one-half of the body, and conse-
guently present greater regularity than the others.
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The art. cuadaelis terminates by dividing beneath the second last
centrum into two branches, which pass upwards and backwards on
the sides of the last centrum benea*’ its hamal spines, which are
widenad by being attached to small lateral processes on the lower
portion of the body so as to afford space and protection for these
vessels. A horizontal ledge of bone which projects from each side
of the spine 4 (Fig. 5, Pl. II.) almost closes a bony foramen with
the spines. As a rule, the right branch distributes itself entirely at
this point by dorsal and ventral branches to the deep wuscles of the
caudal fin, and branches along the surface of the flat spines to its
intrinsic muscles. The left branch, however, after giving off similu
vessels sends w large branch along the dorsal surface of the bony
ledge and thence in the median line between the spines B and (',
(Fig. 5, PL. I1.) to the tail-fin.

The fin rays consist of two separate halves, each half being con-
vex on its outer surface and deeply grooved on the inner. They arve
attached by their hase on each side of the flat spines of the bodyless
vertebre, and so form an arch in which a canal runs the entire
width of the fin. The artery upon entering this canal divides into
a dorsal and a ventral stem, from which a branch passes out between
the halves of each ray, or several of these hranches may arise by
common stem. The artery in the vay usually divides into two
which run parallel to each other.

In sections of the fin a layer of connective tissue is seen to
occupy the median plane passing between the halves of the rays
where it forms a median canal for the arteries and two lateral canuls
for the veins.

The short rays of the dorsal margin are supplied by the arteries
the muscles mentioned above. The dorsal and ventral fins, with
their musculature, are supplied hy two orv three of the ordinary
spinal arteries somewhat enlarged at these points.

The art. renales ave given off' from the hwmal vessels passing
around the kidney, of which there are usually three or four puirs
specially enlarged. The most posterior of these is continued to the
pelvic fins entering on the posterior surface. A large branch is also
continued forward to the muscles attached to the pelvic arch.  The
arrangement of the vessels in the caudal fin may be taken as repre-
sentative of what occurs in the others.
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The sibelavian arteries are the largest and most anterior pair of the
intercostales. They arise from the dorsal surface of the aorta descendens
in the groove upon the fourth vertebrs, and issue by foramina he-
tween it and the third. They pass outwards along the anterior surface
of the transverse processes of the fourth vertebra beneath the strong
peritoneal continuation of the aponeurotic membranc. Each artery
gives off’ two branches to the muscles of this region and then turns for-
wards, oves the head-kidney and downwards to the median spine of
the scapula, at ~vhich point it distributes itself. 'Three or four
branches to the anterior portion of the ventral museulature of
the trunk ; a branch to the pectoral fin and its muscles, which also
sends u strong branch backwards on the outer surface of the muscles
of the wall, and a branch which passes forwards beneath the girdle
and anastomoses with certain of the hyoide: . arteries are supplied
by it.

The arteries of the head have already been mentioned. It remains
to add a short deseription of their relations and distribution.

A few small twigs arise at the junction of the branchial veins for
the aponeurotic wall and the fatty tissue on the base of the skull.

An artery from the united first and second branchial veins, which
[ shall designate as pharyngo-branchial, passes down around the
pharynx, which it supplies with blood, and also gives hranches to the
posterior lev. hranchicales, and in some cases the pharynyo-branchicles.
Small arteries for the antevior lev. branchiales arise from the first
branchial vein near the origin of the carotids.

The A. cwrotis externa arises from the dorsal surface of the first
branchial vein at the angle where it turns backwards to join tho
second. (Pl VIIL Fig. 1, ¢c.ex). There is necither carotis commu-
nis nov circulus eephalicus in Amiwrus. It passes upwards over the
lateral surface of the V. trigeminus on to its dorsal surface and along
the ramus mandibularis towards the eye. A large branch supplies the
abductor mandibule turning backwards beneath the muscle and also
sending a branch through the mesethomoid bone to the nausal sac.
A second branch passes beneath and behind the eye, also terminating
at the nasal cavity. After giving a branch to the antero-luteral
portion of the roof of the mouth, the remainder of the artery turns
outwards, beneath and slightly anterior to the eye, and divides into a
branch to the large maxillary barblet and another to the mandible.
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The latter divides and sends a branch backwards and another for-
wards along the outer dorsal surface of the mandible.

The A. carotis interne (Pl VIIL Fig. 1, ¢ 2n.) avises from the
anterior surface of the first branchial vein close to the carot’s externa,
and passes forwards along the side of the skull. A short distance from
its origin it thickens into a gland-like structure (p s) nearly 8 mm. long
and 3 mm. wide in the middle and tapering towards hoth ends. This
organ is exposed from the roof of the mouth by dissecting away the
adductor arcus palatini from its attachment to the side of the skull.
From this surface (ventral) the channel of the artery is distinctly
seen passing directly through it fromr end to end  Transvirse see-
tions show that the wall of the vessel i thickly perforated throughout
the length of the organ by small openings of vessel-like passages
(Fig. 2, b), which are guickly lost in the fine interspaces of the con-
nective tissue of which the thickening is formed. Secattered through
it arc seen the small arteries by which the blood is again collected
from the interspaces (Fig. 3, ). An examination of the position and
relations of this structure leaves no doubt but that it is the remains
ol the pseudobranchia which has become reduced to a mere rete
mirabtle. It is worthy of note in connection with its reduced state
in Amiwrns, that Owen mentions Silurus as one of those fish in
which it is entirely absent. That it is the pscudobranchia is shown
by the fact that the arteric ophthalmica magnu (Fig. 1 @. 0. m,) arises
from its anterior dorsal surface which is in contact with the optic
nerve, in company with which the artery passes to the eye.

Three small arteries arise from the same surface, posterior and
medial to the former, and immedia* v enter the braincase. These
are the encephalic arteries, and their origin from the pseudobranchia
is unknown among other Z'¢leostez! In this point, however, as also
in the structure of the organ dmiurus shows a singular agreement
with dcipenser.®

As faras I am awarve the pseudobranchia has not the peculiar

, direct relation to the cavotid, described above, in any other fish, but
is sitnated upon a branch of that vessel even in the sturgeon.

The internal carotid supplies ithe adductor arcus pulating, a branch
to the posterior part arising behind, and those to anterior part after

1 Dr. F. Maurer—Ein Beitrag z. Kennt. d. Pseudobranchien d. Kuochenfische Morph
abrb. Bd. IX. Taf, XI.

Owen—l. ¢. Vol, I, p. 489.
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the vessel passes through the pseudobranchia. It then cnters the
wide flat anterior portion of the brain cavity as the nasal artery
(Fig. 1, ), and joins the olfactory tract wt the hulb, tfrom which puint
dividing it distributes itself to the nasal sae, and alse gives a strony
lateral branch to the large maxillary barblet. [t is ditlicult to under-
stand why the internal and external carotids should cross theh
branches in order to supply these two parts.

The three arteries to the brain may be designated as anterior,
medial and posterior. (Fig. 1, ant. med. post.)

The anterior runs at first beneath and then along the posterior
surface of the optic nerve direct to the optic chiasma, where a trans-
verse stem unites it with its fellow of the opposite side. The uniow
of this pair and also the posterior pair in the median line closes «
cirenlus cephalicus, but within the brain-case.  From this connecting
stem a small anterior and a posterior artery are given oft to the
perilymphatic tissue of the brain-case.  From the point of junction
the arteries run backwards parallel to one another upon the dorsal
surface of the optic tract, turn upwards bebind the cevebral commis.
sure, and enter respectively the right and left cerebrad hemispheres
at their base. where they distribute thewmselves,

The median and smallest lies behind the optic nerve and russ
back wards about the angle of the floor and side of the skull, lateral
to the hemispherves, and divides into a stem to the thalumencephalon
and another to the lobus inferior.

The posterior and largest lies abuve the former, behind and slighuly
above the optic nerve and runs backwards along the side of the
skull in the same plane. It passes inwards along the anterior
margin of the fourth nerve and gives off a branch which is continued
along this nerve behind the optic lobes to the anterior under surface
of thie cerebellum, which it enters at its basc. The artery twrning
slightly forwards passes under the brain and joins its fellow in the
median line immediately behind the swecus vasculosis, to which a
vessel is at once supplied. From this point a single median stem
runs backwards and ends cn the medulla oblongata. Three branches
from this median artery pierce the floor of the ventricle and form
centres of discribution to the median and posterior parts of the brain.
The first gives off three paivs of branches : an anterior to the inner
surface of the tecta optica, a median to the tort semiculures distributed
upon the surface covered by the fecte optica, and a posterinr passing

30



498 PROCEEDINGs OF THE CANADIAN INSTITUTE.

backwards to the lateral walls of the internal eavity of the cerebel-
lum. The second supplies a pair of arteries to the tubercula acoustica
and a second pair which divide before entering the lobi trigemina.
The third gives ofl’ a set of four branches tv the parts behind the
cerebellum.

The median stem also gives a pair of lateral branches to the audi-
tory labyrinth.

The artery from each half of the first branchial arch turns forward
and passes through a foramen in the hypohyal, and then turns back-
wards and outwards along a groove on the dorso-lateral margin of the
ceratohyal.  On reaching the epihyal it divides itself into three
branches. A large branch returns along the mandible supplying it
and the appended Larblets ; a second hrauch crosses the outer surface
of the epihyal to supply the branchiostegal rays ; and a third pass-
ing onward to the attachment of the operculum distributes itself
upon it.

The arteries from the other three pairs of avches show considerable
irregularity in anastomosing and giving oft’ independent branches,
but the tendency is to unite in a large median stem between the
pericardium and the copulie of the arches. From this hyoidean
plexus all the surrounding parts are supplied. The coronary artery
divides into two stems, a dorsal and ventral, which enter the wall of
the bulbus at the point of attachment of the pericardial membrane.

The thyroid wrtery is usually a branch of the coronary.

A pair of large arteries to the hyopectorales and another pair more
posterior to the pharyngo-claviculares ave the more important stems
to the muscles.

All the avtevies of the trunk and tail, except thase to the organs
within the body eavity, and those to superfi sial parts of the head, end
in a rich capillary network in the subcutancous connective tissuc of
the skin. The ability shown by these fishes to live for a considera-
ble time out of water is no doubt due to aeration.of the blood in
these capillaries while the mouth and gill-cavity are kept closed.  If
the skin be moistened artificially this period can be greatly prolonged.

THE VENOUS SYSTEM.
The vena caudalis arises in the tail-fin, usually by two vessels of
unequal size having the same course as the arteries. It runs for-
ward in the hwmal canal beneath and in contact with the caudal
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artery. The two posterior trunk vertebrie have short and broad
haemal arches united by a transverse piece. The caudal vein turns
downwards over the posterior face of the second (sometimes the first)
and enters the kidney, which extends back over these arches. It
then passes downwards and forwards through the substance of the
kidney and near the ventral surface gives off two branches, first a vight
and then a left vena renalis advehens, which, passing forwards and
outwards, distribute their blood to the kidney.

The caudal vein, leaving the kidney, is attached to the mesentery
which unites the genital glands and becomes the portal vein, running
straight forward beneath the air-bladder to the liver. This arrange-
ment has not been deseribed for any of the Zeleostel, as far as I am
aware, and if Nicolai and Hyrtl are correct does not occur in other
Siluroids. According to these observers the entire vein distributes
itself to the kidney as the wene renalis wdvehens. The former
arangement was constant in all specimens of Amiwrus cetus ex-
amined by me.

The posterior cardinals (vene vertebrales posteriores of Stannius)
arise in the kidney and run forward on each side of the vertebral
column. As in other Teleosts the left vein is very small in com-
parison with the right, which, by a median stem, drains almost the
entire kidney, and issuing upon its anterior concave surface passes
upward and to the right, to the side of the vertebral column, where it
forms a large sinus-like vessel. The left cardinal receives only a few
branches from the horn of the kidney npon that side. Upon reach-
ing the fourth vertebra they narrow to pass through a triangular
fornmen formed by the body of the vertebra at the side, the trans-
verse process above and an ohlique bony ledge below. Having passed
through they turn downwards throngh the head-kidney and join the
anterior cardinals.

The veins which drain into the vene ceudalts, do not require any
special description, but when this vein leaves its position beneath the
aorta upon entering the body, it causes its branches to vary also from
the branches of the latter.

The portal vein receives the genital veins in its passage between
these organs. It then passes above and in contact with the spleen
receiving the splenic veins. This point also forms a sort of nucleus
for the entry of a number of veins from the left mesenteric fold.
Those on the right unite into a mesenteric vein which in some speci-
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mens curving upwards and backwards crosses and joins the portal at
this nucleus ; in others, however, it continues straight forward on
the vight of the stomach and joins the portal vein near its termina-
tion in the liver.

The vence intercostales opposite to the kidney enter that gland near
its ventral margin, but those more anterior consist of a dorsal and
ventral branch which unite in a horizontal stem on a level with the
ventral surface of the air-bladder. This stem consists of an anterior
and a posterior branch, which unite into a transverse stem across
the mesentery covering the ventral surfuce of the air-bladder, the
right to the right mesenteric vein, and the left to enter the portal
vein immediately in front of the spleen. The most anterior pair of
intercostal veins enter the head-kidney at its dorso-lateral angle.

The portal vein continues forward to the median side of tho left
posterior lobe of the liver, to which it gives a branch and continues
to give oft’ branches as it passes around the posterior margin of the
gland below the cesophagus to terminate in two branches to the right
lobe. The gastric veins from the stomach enter the portal vein at
various points as it curves around between the stomach and the liver.
Sometimes they miss the portal vein and enter the liver direct.

The hepatic veins arise by small branches opening directly into
large sinns-like vessels which run downwards and forwards to meet
in the median line and pierce the aponeurotic membrane just above
the coracoids, where it is in contact with the sinus vewosus. The
latter has but a single opening for the hepatic veins, but the division
between them extends quite up to the aponeurotic membrane.

The nemal and lateral segmental veins above the body cavity unite
in a vein in the neural canal, which discharges itself into the pos-
terior cardinals by a pair of vessels between the transverse processes
of the fourth and fifth vertebre, The highly moditied region be-
tween the dorsal fin and the skull has special venous connections
which wiil be described below.

The veins from the tin-rays enter a venous sinus or large vessel in
the canal at the base, from which the blood is drained by several of
the ordinary veins.

The anterior cardinals avise by brunches from the mandible, max-
illa, M. adductor mandibul, the operculum, and dorso-lateral surface
.of theskull generally. These branches enter at the orbit, and uniting,
run along the veutral surface of the R. mandibularis trigemini. It
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receives a large branch from the nasal region as well as small branches
from the roof of the mouth. Reaching the skull it turns backwards,
as a large sinus-like vessel, along its side above and closely attached
to the branchial veins, and medial to the M. lev. branchiales, from
which it receives three or four small veins.

The cavity of the skull is drained by a pair of veins which arise
in the nasal sac and pass inwards to unite by a transverse stem betorve
passing back along the dorso-lateral line of the wall.  Usually oue of
these veins—sometimes the right and sometimes the left—bhecomes
greatly reduced, and even disappears posteriorly to the transverse stem.
They ‘again unite over the antevior end of the cerebral hemispheres.
and, continuing backwards, receive a number of veins and unite a
third time on the posterior wall, completing a second venous circle.
This circle veceives @ pair of veins from the anditory labyrinths, and
a median impair vein from the dorsal surtace of the spinal cord.

The veins leave the brain-case, along with the rami laterales tri-
gemint, through the supraoccipital and turn at once downward along
the lateral surface of its spine.  As it issues from the brain-case each
vein receives a vessel from the dorsal musculature as far back as the
spine of the fourth vertebra. Again, at the transverse process of the
snpraclaviele, it veceives a vessel, which, arvising in the dorsal fin,
descends along the anterior surface of the spine of the fourth verte-
bra, and runs forward above the latter. The vein then turns out-
wards and forwards, and enters the antevior cardinal.

At this point the anterior cardinal turns outwards and downwards
upon the anterior surface of the aponeurstic membrane to join the
pusterior cardinal immediately upon its leaving the head-kidney, and
from the truncus transversus or ductus Cuvieri. The ductus runs
downwards and slightly forwards upon the memnbrane and beneath the
wsophagus to meet its fellow in the median line, and form with the
hepatic veins the sinus venosus.

The vein draining the hyoidean region, called by Stannius' venc
Jugularis inferior, arises in the branchiostegal rays and runs for-
wards along the median mavgin of the epi- and ceratohyals. Anteriorly
1o the pericardial chamber the veins of both sides usually unite in
a single vein on the left side, surrounded by the thyroid gland, but,
in passing around and above the pericardial chamber, a small vein

1 Loc. cit, p. 240,
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drains the right side, and, like its fellow, enters the ductus Cuvieri ut
the sinus venosus.

THE DUCTLESS GLANDS.
THE SPLEEN.

This organ lies in Amiurus, between the pbsterior end of the
stomaclr and the anterior end of the genital organs. It isin contact
with the peritoneum covering the ventral surface of the air-bladder,

- and is itself surrounded by peritoneum. The long axis of the gland
which is parallel to the same axis of the body, mensures when' the
organ is distended 20 mm., the short diameter 13 mm. It isslightly
divided into two lobes, a posterior large lobe and an anterior small
lobe. The surfuce next the air-bladder is concave, the ventral sur-
face convex. The right margin, which lies near the median line of
the body, is thick and rounded, but the gland thins out toward the
left margin where the points of the lobes nearly touch the Jeft body
wall.  The hilum is on the concave dorsal surface where the artery
and veins enter together, and run side by side throughout the gland
until the finer branches are reached. This arvangement agrees with
that of the higher Vertebrates, but it is not universal in fishes, e.g.,
Anguille', in which the arteries lie across the veins. The vessels
spread themselves out, fan-like, from three or four trunk-stems, but
these in the cuse of the veins do not unite into a single splenic vein
but enter separately the portal vein, which runs in immediate contact
with the surface of the gland. Indeed, one commonly finds three or
four patches of small openings close together in the wall of the portal
vein, the larger branches of each centre having entered without join-
ing. A small vein usually avises from the ventral surface of the
anterior lobe, and may enter the portal vein direct or join one of the
mesenteric veins just before its junction with the portal.

The surface of the spleen presents a perfectly smooth appearance
in some individuals, while in others raised papille are visible to the
naked eye. In the former granularlooking nodules can be seen
thickly imbedded in a clear, reddish matrix, while in the latter they
are much less distinct. The reason for this difference will be better
understood after a description of the internal structure.

1 (. Phisalez—Structure ct texture de 1a rate, chez I'Aagudia commnunis.  Comptes Rendus
1884, Vol. XCVIL., p. 190. ’
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In a section through the spleen of a young fish, (one year old, judg-
ing by its size), it is seen to be surrounded by a delicate connective
tissue capsule (Pl VIIL, Fig. 4.¢). Ata few points delicate pro-
cesses pass into the substance of the gland. In the gland substance
the Malpighian corpuscles (Fig. 4, m.c.) varying in size and form
according to the direction in which they are cut, occur evenly and
thickly throughout, surrounded by a very openly reticulate pulp tis-
sue. The larger veins and arteries lie together, and in many in-
stances the artery lies wholly within the lumen of the vein, appear-
ing as if attached to the inner surface of its wall. A most noticeable
feature is the small patch of brown pigment in the majority of the
Malpighian corpuscles to which they are strictly confined, never being
Jound in the pulp.

When we examine the pulp-tissue with a power of about 600 di.,
it is seen to consist of large plate-like nucleated cells, (Pl. VIII, Fig.
7, @) which unite with one another by branched processes enclosing
large vesicular spaces (Pl. VIIL, Fig. 5,v. s.) To their surfaces are
attached a few lymphoid cells similar to those of the corpuscle, be-
sides adherent blood-cells.  This reticulate tissue is continued through
the corpuscles and attached to the vessels, although this is difficult to
make out, because in the Malpighian corpuscles the spaces are almost
completely filled with lymphoid cells, except next the artery
(Fig. 5, x), where there are often spaces as in higher forms.

The lymphoid cells of the Malpighian corpuscles vary greatly in
size and shape (Fig. 7, 4), but the bulk of the tissne is made up of
very small cells with a nucleus which nearly fills the interior. This
tissue seems to accompany and surround all the branches of the
artery.

The brown pigment counsists of amorphous granules which may at-
tain a size of 12.4 1, butare usually smaller.  These pigment granules
are formed in cells which when full of pigment measure about 15-5p.
Tt is only in a few cases that the surrounding cell can be seen; as a
rule it has disappeared, leaving the granules adherent in a mass,
(Fig. 7, b) or allowing them to be scattered in the tissue, (Fig. 5, ¢).

So murked is the difference between a section of the spleen of a
young fish and that of an old one, that at first sight they would
scarcely be recognized as from the sume animal. The place occu-
pied by the pulp (Fig. 4), has been filled by a dense connective tis-
sue stroma which divides the gland into lobules as seen in section.
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These lobules appear to represent the Malpighian corpuscles.  In the
angles between them the connective tissue fibres separate so us to
leave small spaces in which a few blood-cells are to be seen. (Fig. 6, ).
The hrown pigment patches have increased in size so as in many in-
stances to entively conceal the tissue survounding the artery, and
render its nature difticult of determination. In places where there is no.
pigment, ( Fig. 6)the endotheloid cells are visible, covered by only a few
lymphoid cells, and so they :ather resemble the pulp.  The thickness
of the stroma between the lobules varies from 6+4 to 558y, and the
average diameter of the enclosed spaces is 220 p. )

This connective tissue formns a thick layer beneath the outer
capsule, from which it is easily distinguished by its lesser density.
As its fibres pass inwards between each outer Malpighian corpuscle,
they draw the capsule slightly after them and give in section a wavy
outline and the appearance of minute papillie on the surfuce, referred
to above. The difterence in transparency is readily accounted for by
the difference between connective tissue and lwrge numbers of vesicu-
lar spaces filled with blood.

I regrev that the short time at my disposal for the preparation of
this paper has prevented my preparing sections from a large number
of specimens 50 as to examine the steps in the change. Fig. 4, st.,
shows a trace of the beginning in the pulp. The difference was also
noticeable in making preparations of the vessels, for while in the one
case the substance of the gland was'rezulily removed by a camel’s.
hair brush, in the other it was tough and diflicult to clear away..

The most marked difference between the spl n of dmiurus and
the same organ in higher Vertebrata is the abst ce of any structure
corresponding to the trabecule.

THE THYROID GLAND.

In Aminrus this organ oceupies the exact position described for it
by Stanniug' in the Ganoids and many Teleosts, viz., beneath the
copul of the branchial arches and surrounding the anterior end of
the branchial artery. It is an lmpair structure extending in the
median line from the origin of the vessels to the first pair of gill
arches to a shovt distance behind the origin of the single stem for
the third and fourth pairs of arches. Although richly supplied with
blood it appears of a whitish colour contrasted with the blood vessels.

1 Loc. cit., page 255.
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among which it lies. The frame work of the organ consists of loose
connective tissue which does not form a limiting membrane, but
simply passes over into the like tissue sheathing the adjacent parts
and the vessels which it surrounds. (Pl VIIL, Fig. 8) The usual
vesicles of the thyroid are scattered throughout this connective
tissue, showing a tendency to arrange themselves in short rows.
They vary in size from 15 p to 210 g in diameter, and are filled
with the usnal colloid substance. A few, however, contain a granular
substance with nuclei, showing nucleoli scattered through it, while
others are part filled with the granular and part with the colloid
matter. In the preparation from which Fig. 8 was drawn the colloid
matter did not completely fill the vesicles which was probably due
to the action of the reagents.

The wall of the vesicle consists of a single layer of columnar
epithelium resting on a basemenc membrane formed from the sur-
rounding connective tissue. The epithelium is readily made out in
the young fish, but in the gland from which the section is figured it
had almost entirely disappeared. A few brown pigment granules
were observed.

In the youngest specituens (15 mm. long) of which I have sections
the gland is very small, and the connective tissue is unattached to
any of the neighbowing structures. The vesicles are confined to a
few spots and form only a single row.

THE THYMUS GLAND.

Considerable interest hus centred in the question of the existence
of a thymus gland in fishes. Following Stannius’ description of its
position in the haddock,! carveful search was made for the gland by
dissections on adult fishes but without success. It was afterwards.
observed and figured by Prof. Wright in sections through the head
of & young fish (PL IV., Figs. 12 and 13, T%.), where it is quite a
conspicuous object. This spot was again examined in the adult, and
a slight thickening discovered wupon the inner surface of the lining
membrane of the gill-chamber, in most cases presenting the appear-
ance of fat-tissue. As, however, it is impossible to define the gland
by dissection on the adult, a description will be given from transverse
sections of a young fish.

P Miller's Areluy, 1850, p. 504,
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The gland lies between the epithelium and connective tissue of
the lining membrane of the gill-chamber in its posterior dorsal por-
tion. The bulk of the organ lies above the dorso-median angle of
the chamber extending upwards as a lobe between the trapexins and
lev. branchicles muscles, and attaining a thickness of 700 p, or
eighteen times that of the epithelium, and one-tenth of the vertical
median diameter of this part of the head. From this thickening
the gland thins out laterally and medially terminating on a line with
the floor of the brain-case. Its anterior margin is on a line with
the third branchial arch, and it terminates behind, slightly in front
of the transverse process of the supraclavicle. The cavity in the
glard, shown in the figures, is a mere split in the tissue and without
a limiting membrane.

The substance of the gland consist of connective tissue fibres
mostly parallel to the epitheliuin and small round nucleated cells not
larger than 4 ;. They are readily distinguished from the epithelixl
cells with which they are in contact by their smaller size and the
deeper stain imparted to them by various reagents. There are no
blood spaces and the tissue is homogeneous throughout, except that
it is looser toward the centre of the gland where the split oceurs.

The gland was secured in the adult by removing the entire mem-
brane and examined by cutting sections. The greatest thickness
-observed in four specimens was exactly that given above for the
young fish, and it may be safely stated that in the full grown fish it
is absolutely smaller. The connective tissue covering it above cou-
tains fat cells, and at places exceeds the gland in thickness. It
sends processes through to the epithelium at right angles to its swr-
face. This reticulate connective tissue appears to gradually increase
while the cellular elements decrease, and in places undergo fatty
degeneration.

The thymus gland in Amiurus is, therefore, an embryonic struc-
ture, while the thyroid developes and is functional in the adult
animal. The former is, no doubt, developed as a diverticulum from
the epithelium of the branchial cavity as the latter is from the
mouth.

It is interesting to find a member of such an old family as the
Siluroids possessing all those structures (pseudobranchia thyroid
thymus and head-kidney) which are not, according to our present
knowledge, constant in their occurrence in fishes, and have been
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frequently confounded. The condition of the pseudobranchia and
thymus in the adult would suggest the probability that an examina-
tion of the embryonic and young stages of those fishes in which
they have not been found would show rudiments to be present.

THE SUPRARENAL BODIES.

In view of the velationship of these bodies to the sympathetic
nervous system as established by the studies of Levdig, Semper and
Balfour on their development, an apology is due for placing them in
relation to what are considered blood-glands. The sympathetic
system, however, has not been examined, nor yet the relation of
these bodies to it; and further, many persons still bold that their
function is to effect some change upon the blood. This point will be
noticed further on.

The suprarenal bodies occupy in Amiurus catus a position similar
to that which Hyrtl! found obtaining in other Siluroids. They are
represented by a single pair lying one on each side of the kidney
imbedded in its Jateral surface, where they are readily distinguisha-
ble as small white spots in the dark red gland. Sometimes, how-
ever, the kidney substance having pressed in hetween them and the
body-wall they are entirely concealed. No definite position can be
assigned to these bodies with reference to the surface of the kidney,
but they always lie near a pair of renal arteries which vary their
conrse upon the middle third of the lateral wall. One series of
sections showed the suprarenal body lying in a fork of the artery,
with its eapsule so intimately joined to the wall of the latter that
their limits could not be defined. A branch from this artery sup-
plies the organ with blood.

It is not uncommon to find instead of a single body two or even
three bodies on one or both sides. I regard these as divisions of the
simple one, because they are always smaller and are related to
branches of the same artery. Further, when a suprarenal body has
been macerated in Miiller’s fluid it shows a tendency to divide into two
or three parts. These division lines were seen in section as processes
of connective tissue from the capsule. It would appear, however,
from the observations of Stannius that these structures may vary
greatly in number in individuals of the same species, and arise in an

1 Das uropoctische System der Knochentische. Sitz. Wiener Akad. 1851
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independent manner. The form varies from rvound to oval, and the
size ranges from 1 mm. to nearly 3 mm. through the long diameter.

The suprarenal bodies are separated from the substance of the
kidney in which they lie not only by their own capsule but also by
that of the kidney, the two being however united as one throughout
almost the whole extent of swface lying in contact. This double
wall does not mensure more than 10-8 p2 at the thickest part. As
mentioned above, it sends in at various points processes in which the
stems of the blood-vessels run.

The interior of the organ is made up of lobules or alveoli, each
one being enclosed in a delicate but distinet fibrous capsule joined to
those adjuacent 5o as only to appear distinct in certain angles. This
partition wall does not average more than 15 g in thickness. The
lobules are more or less oblong in form, from 26-4 to 66-2 p2 thick
and 200 12 as greatest length. The diameter varies in the same
lobule, and they are frequently bent npon themselves at one end.
No part of the body is marked oft’ from the rest either by the form,
size, or arrangement of the lobules. If these correspond to the
divisions of the cortex in the suprarenal of higher vertebrates the
medullary portion is entirely absent.

The contents of the alveoli are granular nucleated cells of varying
form and size (PL. VILI. Fig. 11), the longest being nearly 40 . and
frequently reaching from wall to wall. After studying a number of
sections, I am forced to the conclusion that the large »nd the small
cells have no fixed relations.

Some alveoli appear to be composed entirely of long cells arranged
parallel to one another, with spaces between their outer pointed
ends ; others show an almost homogeneous granular matrix contain-
ing nuclei, the limits of whose cells can rarely be defined. A com-
bination of these is the commonest arrangement, where the long cells
being arranged as before with the axis at right angles to the long axis
of the alveolus, the smaller cells are fitted in between. A compara-
tively regular row of nuclei around the margin gives in many
instances the appearance of a lumen and epithelial lining, especially
in teased preparations, butin section the true structure is easily dis-
cerned.

In the alveoli of the lateral portion of the body, where the cell
limits were least defined, a number of small round, oval or triangular
cells were distributed, principally upon the margin, (P1. VIIL Fig.
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11, 2). They stain deeply and evenly throughout like the nuclei of
the blood cells or the nucleoli of the ordinary suprarenal cells, but
are larger and more irregulai in form.  They are most probably small
ganglion cells.

The blood-vessels of the bodies are small and the capillaries do not
seem to be abundant, which explains their pale color. The blood
supply seems no more than suflicient for the nourishment of func-
tionally active organs of their size.* Mr. Weldon' lately suggested
that these bodies arve probably related to the kidney and perform
some function in connection with the claboration of the blood.
My observations upon Amiurus, althougl imperfect, are opposed to
such conclusions. The smallness of the blood supply, the absence
of ducts and of all stored up remains of its action, such as the
brown pigment of the kidney, head-kidney and spleen, or the colloid
matter of the thyroid, and also its structure, mark it off from the
other blood-glands. He further remarks: ¢ In Teleostei supra-
renals are at all events frequently absent; or, as I would rather
suggest, they ave répresented by the greatly metamorphosed head-
kidney described by Balfour. In other cases where suprarenals have
been detected, they have always been attached to the surface of
the kidney.” In regard to the first point, we have in the cat-fish a
well developed head-kidney in which the metamorphosis can be
traced and which preserves its relation to the renal-portal system,
and presents the characteristics of a blood-gland. The position upon
the surface of the kidney is no doubt due to the development of the
latter causing it to press upon the body and carry it outward upon
its surface. It is certainly neither connected with the kidney nor
yet with its blood-vascular system in the adult, whatever may be its
developmenta: relationships.

Certain other gland-like structures are attached to the walls of the
veins in the body cavity. They were observed in sections of the
head-kidney surrounding the cardinal vein, but are specially abundant
on the portal vein between the spleen and the liver. They are
small white bodies varying in size and form, sometimes appearing
small and rounded upon the side of the vessel, sometimes forming a

* Note.—In teased preparations the blood cells bear a very small proportion to the other cells.
1 Quart. Jour. Mic. Sc., N.8., Vol. XXIV,, p. 176.
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complete ring avound it. The largest and most constant of these
bodies lies on the right side between the gall-bladder and spleen and
close to the mesenteric artery. It does not surround any large ves.
sel, but like the rest of these bodies is well supplied with blood.

Where these bodies were cut in sections through the head-kidney
and spleen they closely resembled the suprarenal bodies in their
histological structure, but in sections through others the difference
was quite marked. The most important feature was the presence of
spaces surrounded by a connective tissue wall, and having either a
process ot a central mass of the ordinary tissue connected by small
processes with the surrounding wall. The blood-vessels pass to the
centre through these. The interspaces seem to be occupied by a
loose unattached tissue.

It seems probable from the relationship of these structures to the
surface of the veins that they belong to the lymphatic system, and
as T am unable at present to investigate this part of the vascular
system of Amiurus, T shall suy nothing further in regard to them.

THE URO-GENITAL SYSTEM.
THE KIDNEY.

The kidney has been cavefully described in a number of Siluroids.
by Hyrtl'. Although this organ in Amiurus agrees closely with
these—especially with that of Silurus glanis—it will not be cut of
place to give a somewhat detailed account of it in this paper.

It is divided into an anterior lymphatic portion, the ¢ head-kidney’
and a posterior portion, the functional or true kidney. These two-
divisions are separated by the entire length of the air-bladder, around
the anterior and posterior ends of which they mould themselves.
These three organs fill the entire dorsal portion of the body cavity
from the aponeurotic membrane of the pectoral girdle to its posterior
extremity, and present a smooth level ventral surface covered by
peritoneum,

The head-kidney (pronephros), is a paired organ, the two halves of
which are joined by a bridge of glend substance crossing beneath the
first, second and third vertebre. The bulk of the gland lies ahove
this bridge, filling the space between the transverse process ot the

1 Bitz. Weiner Akd. 1851.



BLOOD-VASCULAR SYSTEM, ETC., OF AMIURUS CATUS, 441

supraclavicle and the transverse process of the fourth vertebra,
From this thick rounded dorsal portion it @radually thins out ven-
trally and curves backward upon the surtuce of the air-bladder, thus
becoming convex upon the anterior, and concave upon the posterior
surface. The sponeurotic membrane, which covers it anteriorly,
forms a strong capsule for it by sending its shining fibves into the
peritoneum, which stretches backwards along the wsophagus so as to
cover it ventrally, and, passing over its dorsal surface, is attached to
the transverse process of the fourth vertebrs, and then continued
downwards between the air-bladder and the gland. The lateral lobes
of the liver insert themselves between the membrane covering the
head-kidney and the body wall. Tt is also covered by a delicate eon-
nective tissue membrane of its own, well supplied with blood-vessels.
* The artery to the head-kidney rveferred tv above enters the connect-
ing portion and divides into two branches, one to each half of the
gland.  Judging from their size they cannot do more than supply
nowrishment to the gland substance, while the vein from the body
wall wlich enters at the outer dorsal angle furnishes the blood to be
acted upon. The veins which drain the blood into the posterior car-
dinals appear out of all proportion in number and size to the affevent
vessels. More than twenty openings of *hese vessels, many of them
quite large, can he counted on the inner surface of the right cardinal.

The frame work of the gland consists of a finely reticulate con-
nective tissue. The interspaces are in places filled with the lymphoid
cells of the glandular pulp, and at others serve as blood spaces. The
areas occupied by the lymphoid tissue and the blood spaces are about
equal. (Pl VIIL, Fig. 9.) Brown pigment patches, exactly similar
to those seen, but in greater abundance in the spleen and kidney,
are irregularly scattered through its substance, and increase with the
age of the gland.

The change from the kidney to the lymploid structure! was not
completed in the youngest specimens of which sections were cut, for
a few epithelial lined tubules remained in the neighbourhaod of the
cardinal veins. A section through the head-kidney, neav its anterior
surface, showing these has been drawn by Prof. Wright. (PL IV,
Fig. 14, hk.) The figure is reversed and the large right cardinal
vein appears on the left, near the centre of the lobe, surrounded
by the tubuli.

1 Balfour—Quat. Jour. Mic. Sc., N.S., Vol. XXII., Jan., 1882
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No portion of the kidney in Aniwres lies above the air-bladder.
The only connection hetween the head-kidney and the posterior part
is the cardinal veins. Ignorance of the change of function in the
former, no doubt, led Hyrtl! to state that the ureters also served tou
connect them, but the fact is that all trace of the ureters beyond the
posterior part has disappeared before the metamorphosis of the gland
itself is completed.

The tfunctional kidney (mesonephros) is a single gland meusuring
in large specimens of 4. cetus 25 mm. ucross the ventral surtuce
hehind the air-bladder; 35 mm. from its apex to the surface of the
air-bladder: 25 mm. to the posterior point of the air-bladder in the
wedian line. A dorso- and a ventro-lateral horn fills up the spuco
between the rounded posterior end of +he air-bladder and the body
wall.  The length along the ventro-luteral edge from the apex of the
gland to the point of the horn is 45 mn..

The only indication of the paired character of the gland is to be
found in its ducts and blood-vessels. There is a pair of ureters
which by their numerous branches drait the right and left half of
the kidney respectively. and unite as they leave its posterior point
just at the urinary bladder. In most cases they appear to unite
sooner, even as far forward as the middle of the gland, but in all
specimens examined, the adjacent walls were found to persist as a
pirtition as far as the bladder.

The urinary bladder is apparently w mere diverticulum of the
ventral wall of the urinary canal. As it always lies upon the right
side of the genital organs and rectum, it must represent the right
horn of the bladder, but there is no rudiment of a left horn present
as found by Hyrtl in Silurus glanis. Its length is about double iws
width, but the actual size varies in different individuals. It opens
into the wide urethra. which is about 12 mm. in length, and opens
on a papilla behind the anus.

The large vessels and ducts of the kidney, to which reference hus
already been made, occupy the following relative positions: The
caudal vein passes downwards between the ureters, and theu gives
off its branches which lie near the ventral surface. Above these are
the paired ureters, and still more dorsil the impair median vein to
the right posterior cardinal. The histologicul structure of the gland

1 Jac. cit.
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does not appear to present any peculiarities, und u-thing further
need be said regarding it.

) THE GENITAL ORGANS.

I have not studied any details in connection with these organs, and
will merely note i few of their general features. They are paired
gands, 65 mn. long, lving along the ventral surface of the kidney
and posterior part of the air-bladder, and attached by a median con-
tinuation of the peritoneum which surrounds them, to the mesentery
close to its junction tu the peritoneum covering the kidney and air-
bladder.

The ovaries of the female are eylindrical in forus, bluntly pointed
at both ends.  The ova-duct is a lurge passage in the centre around
which the ova are developed from the entire wall, but more abun-
dantly along the median side. The ova, seen through the thin trans-
parent membrane of the organ, give it a bright yellow color.

The testes are greyish-white in color, flattened in form, with a
straight median edge along which the vas deferens lies, while the
lateral edge is broken into a great many small lobes.

The genital ducts join to form a common median duct. In the
female this opens on a papilla between the urinary opening and the
vent, but in the male it joins the urethra and opens with it on a
common uro-genital papilia.

These papille, upon which the openings of intestine and the urinary
and genital-ducts are situated, arise in a longitudinal median depres-
sion, 15 mm. in length and very shallow. The papillie and the sur-
rounding depression are remarkable for the richness of their blood
supply.

The above arrangement of the uro-genital ducts is exactly similar
to that described by Wiedersheim as most common among the Zele-
ostet.

The blood supply to these organs has already been referred to. The
trunk stems run in the median line, giving off, at intervals, lateral
branches, which run parallel to one another across the attaching peri-
toneum to the glands. The vessels divide into a dorsal and ventral
stem which supplies or drains respectively these halves of the organs.

31
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EXPLANATION OF THE PLATES.

—

PLATE 1L

Fig. 1.—Vertical section of the skin of Amiurus from the lateral region of
the trunk.

Zeiss D, Oc. 1L, cam. lue,
pec. pigmentary layer of corium.
p. palisade celis of epidermis.
s. spindie-shaped intermediate cells.
¢/. clavate cells,
p.e. interepithelial pigment cells.
m. mucous cells,

Fia. 2.—Vertical section from skin of dorsal surface of head. Zeiss A, Oc. II.,
cam. luc. fe. fibrous ; uc. adipose layer of corium ; pap. papille;
¢l. points to a clavate cell projecting beyond the level of the
epidermis. .

F1a. 3.—Vertical section of abnormally thickened skin as described in text.
pap. points to one of the branched papille.

Fias. 4, 5, 6.—Dorsal, ventral and lateral as%)ects of cephalic end of young
Amiurus to show the openings of the mucous canals.

Fia. 7.—Vertical section of supraorbital mnucous canal of young dmiurus
(25mm.) Zeiss H. 1. 3th, Oc. IL., v. Text.

Fia. 8.—Horizontal section through a macnla acustica neglecta from a fish of
similar size under same enlargement. of. otolith ; sc. spindle-
celled cartilage ; . vessel.

Fra. 9.—Auditory labyrinth from medial aspect. a.s. a.k. ag. ampulle of the
sagittal, hotizontal, and frontal semicircular canals ; lap. as. sag.
lapillus, asteriscus and sagitta in the recessus ntriculi, lagena
cochleae, and sacculus respectively.

Fre. 10.—The same from lateral aspect—osmic preparation-—showing the

" branches of the Rr. anterior and posterior of the auditory
nerves.
1. Ramus ampulle sagittalis.
2. R. amp. horizontalis. *
3. R. recessus utriculi.
4. R. neglectus.
5. R. amp, frontalis.
6. R. lagene.
7. R. sacculi.

Fia. 11.—Partes inferiores of both sides, with the amp. front. from above to
show the relation of the R. sacculi o the duct. endolymph (d.c.)
and sinus impar. (s).

F1g, 12,—Right nasal sac, natural size, opened from above. ap. anf. and

post. anterior and post narial apertures.
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PLATE 1.—(Continued).

F16. 13.—Dorsal aspect of aglult brain.
F1a. 14.—Ventral aspect of adult brain,
CH.—Cerebral hemispheres.
LO.—O0ptic lohes.
CB.—Cerebellnin
P'A.—Tuberculum acusticum.
LT —Lobus trigemini.
LV.—Lobus vagi.
1. ].—Lobus inferior.
1, 2, 3, &e., indicate the planes of the sections of the brain num-
bered 1, 2, 3, &e.. on Plate V.
O/f. 7'r.—Olfactory tract.
N. /1. 111, IV., te.—Optie, third, fourth nerves, &e.
N. VI ant. and post.—R. ant. and post. of auditory nerves.
N. sp. I.—I1st spinal nerve.
R. lat. V.—Ramus lateralis trigemini.
R. ot.—Ramus oticus.
R. op. s. —=Ramus ophthalmicus superficialis.
R. op. p.—Ramus ophthalmicuns profundus.
R. c.—Ramus ciliaris.
R. mac-mand. and fac.—R. maxillo-mandibularis and facial.
Fra, 15.—Lateral aspect of brain to show arigin of nerves. Additional letter-
ing:
R. b.—Ramus buccalis.
SL.—Supero-lateral stramd of trigeminal complex.
IM.—Infero-medial strand of trigeminal complex.
G. IX.. @. X.—Ganglia of the glossopharyngeus and vagusre-
spectively.
Fig. 16.—Lateral aspect after removal of the Gasserian ganglion to show points
of emergence of the roots of the fifth.
Vag. I.—Anterior root of the vagus group.

Fic. 17.— Medial aspect of the Gasserian ganglion with its branches in situ,
d—Smaller dorsal branches of the trigeminal complex.
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PLATE 1.

Fre: L—Surface view of skull of Amiwrws catus, An=adnasal, Heth=ccteth-
moid, KpO=epiotic, Fr= frontal, Hmd = hyomandibular, /Op=
interoperculum, A Eth = mesethmoid, Mn=mandible, 3/ Pt=meta-
pterygoid, Mrz=maxilla, Na=nasal, Op = operculum, Pa = pala-
tine, Pme—premaxilly, PrOp=preoperculum, 2(0=pterotic, Qu=
quadrate, Sel=supraclavicle, SO=supraoccipital, SpO=sphenotic,
H=membrane hone in fascia of add. arc. pal.

Fro. 2.—Cranium of A miuwres catus scen from the side and slightly from be-
low. Inaddition to certain letters used in Fig. 1, there are the
following :—.{s=alisphenoid, BO==basioccipital, FrO = exoceipi-
tal, PaS=parasphenoid, Prf=ecctethmoid, PrO =prodtic, VO=
vomer, VI/I =forameun for glossopharyngeal, IX.=foramen for
vagus.

Fre. 3.—Lower half of left branchial arches of dmivras nigricans. Chr, o=
ceratobranchials 1-5, C'p, ,=copuke -4, Hhr,  =hypobranchials
1-4, Phi=pharyngeum inferius.

Fia. 4.—Upper half of right branchial 2-ches of dwmiwrus nigricans from
above. Ebr, ,=epibranchials (-4, Phr, ,=pharyngobranchials 2
and 3, pro=process of epibranchial 3, PhS=pharyngewmn superius.

Pre. 5.—Posterior vertebrie and arches of 4. nigricans. N, _;=neural arches
and spines, 77, ,=himal arches and spines, 4 and B=two lower
haemal arches without centra, €. 0, # and F=four upper h:emal
arches without centra, NS=osseous sheath of notochordal filament.

Fre. 6.—Pectoral avch of 4. cafus. MCl=mesoclavicular portion ; /el=infra-
clavicular portion; Cor=covacoid; Sc=scapular portion ; ap, mp,
ip==anterior, median and inferior process of mesoclavicle ; up=-rod-
like process of coracoid ; for=foramen between coracoid and sca-
pula; sy=semicircular groove on mesoclavicle for first ray; r=
ridge in coracoid ; br=bridge-like process on coracoid which arti.
culates with infraclavicle ; sp=bridge-like spiculum.

Fic. 7.—Anterior ray of pectoral fin of A.catus. Sr=semicircular ridge, ; tps
and tpi=superior and inferior terminal processes.

-PF1o. 8.—Transverse section through the pterotic region of a very young 4.
catus. POt=pterotic cartilage ; /nt=integumeunt ; He=horizontal
semicircular canal ; A3 = hyomandibular cartilage ; M/C=mucous
canal with a ring of bone arvound it.

Fr1e. 9,—Longitudinal section through the anterior portion of the mandible of
a very yeung A. catus. Mck=Meckel's cartilage ; T=teeth ; cp=
cement plates ; Pe=perichondral bone; MC=mucous canal with
ensheathing hone.

F1e. 10.—Transverse section througn a very young A. catus, immediately in
front of the dorsal fin. The lateral musculature has been omitted,
Int =integment ; hAp=anterior portion of horizontal plates of dorsal
fin (st ray); Isp,_,=interspinalia 1, 2 and 3; Spp,—spinous
process of fourth vertebra ; 7’p,=expanded transverse process of
fourth vertebra ; VA7 =ueuralarch of fifth vertebra; NC=noto-
chord ; N'=nervous cord ; do=aorta; Msc=muscle. .
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PLATE 111

Fira. l.—Head of Amiurus Catus, after removal of the integument and super-
ficial fascla. Pme = premaxilliv ; No = nasal ; AnA = adnasal ;
Hth=Mesethmoid ; Prr==Ectcthmoid ; Fr=Frontal ; SO=Supra-
oceipital ; Pul=Palatine ; Me==Maxilla; Ma=Mandible ; Qu=
Quadrate ; Op=Operculum ; Brst=Branchiostegal rays; E=Eye;
8. Ob=Superior oblique : & R. & S K.=External and Superior
Recti.

AM=Adductor mand. ; o 7=Add. tentaculi; L. P=Lev.
arcus pal.; LOp=Lev. operc.

Fig. 2.—Same as preceding, but with add. mand. removed. In addition to
cevtain letters in preceding tigure the following oceur : EcPt=XNo.
4 ; MPtand EnPt=portions of the Metapterygoid ; Pr=Sphenotic;
PtO=Vterotic.

AdT=Add. tentaculi; Dil. Op.=Dilat. opereuli.

Fi¢. 3.—Under surface of head of . Catus. G H=Geniohyoideus ; Hi! =
upper yortion of Hyohyoideus ; HAi? = lower portion of Hyohyoi-
deus ; fm = Intermandibularis ; ¢i and ! = tendinous bands to
extremities of which tentacles are attached.

F16. 4.—Under surface of branchial arches of A. Catus, the hyoid being
removed. UHy=Urohyal ; HyH=Hypohyal; I., 11., 111., IV.]
V.==Branchial arches.

HyP=Cut ends of the Hyopectoralis ; #/Br=main portion of
Hyobranchialis ; HBr! = slip of same to Ceratobr. iii.; HBr? =
slip to Ceratobr, iv.; HBrd =slip between Ceratobrs. i, and iv. ;
HB»r =slip between Ceratobrs. iv. and v. ; 7’Vland TV2= an-
terior and posterior Transv. veant.; PhEx=Pharyngo-clav. exter-
nus 3 Phl/n—Pharyngo-clav. internus; Oh¥F? = and ObV* = tirst
and second Obliqui Ventrales.

Fic. 5.—Transverse section (partly diagrammatie) through the pectoral arch,
slightly ventral to the articulation of the tin.  (This and the suc-
ceeding figure are in reversed position, ths clavicle should be be-
low.) Ci=Clavicle; Cor==Coracoid : the letters point to the
bridge articulating with the Clavicle ; sp=S8piculum on Coracoid
forming a bridge over Add. prof.; 4bP! = first portion of Abd.
prof. ; AbP? = second portion of same ; AbLS! = first portion of
Abd. Sup.; AbS? = second portion of same ; AdP=Add. prof.

Frc. 6.—Transverse section of pectoral arch some distance nearer the median
Iine than fig. 5. Letters same as in preceding figures.

F16. 7.—Ventral musculature of ventral fin.  Faf'and VaAf2= median and
external portions of ventral musculature of the trunk ; V.A=apon-
curosis of ventral musculature of trunk; AdS=adductor superfic.
pelvis ; C=cartilaginous horseshoc of pelvic arch ; V.F=ventral
tin.

F1c. S.—Superficial and intrinsic muscles of the caudal in. Cd=dorsal con-
tinuation of caudal fin; Jt=intrinsic muscles ; 4! and My =
upper and lower prolongations of myocomma ; f=fascia; LL=
lateral line.

Fi1G. 9.—Deep muscles of the caudal fin. D=dorsal portion; V! and V¥
=upper and lower divisions of ventral portion; ct=connective
tissue.
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PLATE 1V.

Fias, 1, 2, 3, represent dissections of the fifth nerve of the right side from

the roof of the mouth, of which 1 is the most superticial (ventral),
and 3 the deepest (most dovsal). To expose the 3rd and 6th nerves
and the ramus buccalis, as seen in Fig. 2, it is necessary to cut the
supero-lateral and infero-medial strand, turning forwards the
nerves to which they give origin. In Fig. 3 the 3rd and 6th nerves
have been removed to show the cutaneous branches of the Rr. add.
mand. and bucealis, as well as the branches of the R. ciliaris and
opthal. profundus. The dotted lines in Fig. 3 indicate the
boundaries of the adductor mandibule, 44 ; levator arcus pala.
tini, 4P ; and dilatator operculi, DO. .

-

Fre. 4.—Dissection of same nerves represented in Fig. 6 from dorsal surfaces.

Fia.

Fia

Fic

1. Branch of R. oph. prof. to middle line nose. 2. Along
medial border nasal sac. 3. To nasal barblet. 4. Along outer
border nasal sac. 5. To fat, &e., in front of eye under origin of
lev. arc. pal. 6. Is the chief branch of R. ciliaris. 7. The cut-
aneous branch of R. buccalis. 8. Of R. add. mand., with which
are_connected the muscular branches for lev. arc. pal. and dil. op.
9. Branch for muscle of maxillary barblet. 10. For add, mandib.

5.—Diagram of brachial plexus.

N, NP NS N4 &e. 1st, 2nd, 3rd, 4th, spinal nerves, of which
the first four enter into the formation of the brachial plexus. *
Description of branches in text.

. 6.—Diagram of Rr. dorsales and ventrales of the spinal nerves. Two

vertebre are represented by dotted lines.
Rmv. Branches for ventral musculature.

Rmp. & s. Branches from plexus su})plying the deep and super~
ficial muscles of the anal tin. The infracarinales are supplied by
branches similarly derived to those marked R.an.s.

. 7.—The first 8 vertebrie from the latero-ventral aspect.

ao points to the aortic canal opposite the point of junction of
the 4th and 5th vertebrz. o.0., the oblique, c.0., the cres-
centic ossifications referred to in the text. 7'r., the transverse
processes or costiferous pedicles of the anterior vertebre. V.,
VI.. VIL, &c. Bodies of the fifth, sixth and seventh vertebre.

Fia. 8.—Longitudinal vertical section of adult near middle line. .

1., 1L, 111., &c. Centra of 1st, 2nd, 3rd, vertebree. E:0.,exoccipi-
tal.  B.O., basioceipital. 8.0., supraoccipital spine. Sp, III. &
IV. Neural spines of the 3rd and 4th vertebre. 1, 2,'3, 4, &c.
Points of emergence of the lst, 2ad, 3rd, &ec., pairs of spinal
nerves. JFov., in the fovea sacculi ; directly above it is the opening
into the cavum sinus imparis, on the osseous roof of which 1
stands. The black spot above BO indicates the apertura interna

, of the atrium sinus imparis. The membranous roof of the cavum
being removed shows the stapes and claustrum in the position
indicated in 8a to the right of the figuve.

Fies. 9, 10, 11, 12, 13, are horizontal sections through the cephalic end of a

fish of 3-4 cm. in length, of which 9 is the most dorsal. 9 and 10
are merely intended to show the relations of the claustral cartilages.
to the cartilaginous cranium and roof of the spinal canal.

PFig. 11.—7z, M. trapezius, Sc., supraclavicle. 7T%sc., trans-
verse process of supraclavicle. 7%, transverse process of 4th
vertebra. Sp., saccus paravertebralis. Asi., atrium sinus imparis,
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PLATE IV.—(Continued).

CL, claustrum. 8., ‘stapes.” 25 3, 4, dorsal roots of 2ud, 3rd and
4th spinal nerves with their respective ganglia. 1 the position of
the tirst spinal ganglion which does not appear in this section.
A3, the arch of the 3rd vertebra. Jfs., medulla spinalis. A4p.,
Ampulla frontalis.

Fig. 12.—Th.. thymus. Lbh., most posterior of the levatores
branchiarum. R, lat. vag., points to the root of the vagusin con-
nection with which is seen the portion of the ganglion trunei
which gives oft the ramus lateralis. Si., sinus impar. or saccus
endolymphaticus, Csi., in the cavum sinus imparis pointing to the
osseous lateral wall of the cavum. i, the ‘incus.’ ., the
‘malleus.’ Asi., points to the atrium sinus imparis, as bounded
by the spoon-shaped process of the ‘stapes’ &, and lies on the
thickened patch of dura mater which is seen in vertical section
in Fig. 14. I, IL, IIL, IV, stand on the middle points of the
centra of the Ist, 2nd, 3rd and 4th vertebrae. b, in the cavity
of the air-bladder points to its union with the posterior end of the
malleus.  Teid., vena cava inferior dextra.

Fig. 13.—Cc., the gill cavity and its opening on the left side.
EGe.. epithelium of the roof of the gill cavity. De., duct. endo-
lymph.  ds., asteriseus in the lag. eochlewe. Csi,, in the cavum
sinus imparis points to the basi-occipital and the exoccipital cartil-
ages resting on it . /X, & X., ganglia of glossopharyngeus and
vagus.

Fics. 14 and 15, are from vertical sections through fish of same age as the

foregoing horizontal sections. of which 15 is the more anterior.

& ., wsophagus.  Me., mucous canal in postfrontal. R lot. V7.,
ram. lateralis tvigemini.  Cp., canalis frontalis. Le., lageva
cochlewe. S., sacculus. Ao., aortie at sides of which are the
sympathetic ganglia, The sectious are slightly oblique, so that the
right sides represent planes somewhat posterior to the left. The
thymus is seen on the one in continuity with the epithelium of the
gill cavity, on the other its posterior end is seen wedged in between
the trapezius muscle and the levat. braunch. post.

Additional letters in 14.

Le., lateral mucous canal in section. Hk., head-kidney. 1.,
liver. R lat. va., ram. lat. vagi in section as it crosses the
transverse portion of the supraclavicle. Bo., Basioccipital. Oc.,
occipital cart., above which is the supraoccipital spine. D.Jf.,
dorsal musculature attached to the posterior surface of the skull
on either side of the foramen magnum.

For additional lettering, see foregoing tiyures.

Fias. 16, 17, 15.—The otoliths, sagitta, asteriscus and lapillus, x G.
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WERVOUS SYSTEM AND SENSE ORGANS OF AMIURUS. 451

PLATE V.

Represents 20 frontal seetions through brain of adult Amiurus, the planes of
which are indicated in Wigs. 13 and 14, Plate I. The anterior sections are
slightly oblique.

Aq. S.—Aqgueduct of Sylvius.

C. H.—Cerebral hemisphere.

C. H. L.—Lateral lobe of hemisphere.

Com. acc.—Conmmissura accessoria of Mauthner,

Com. ant.—Commissura anterior.

Com. cer. inf. —Commissura cerebri intima of Haller.

Com. post.—Commissura posterior.

-Com. irans.~—Commissura transversa Halleri.

Cor. Cer.—Cortex of Cerebellum.

Cor. Val. Cer.—Cortex of valvala cerebelli.

Lpi.—Epiphysis.

‘G. H.—Ganglion Habenul.

G. I.—Ganglion interpedunculare of Gudden.

Lob. Tri.—Trigeminal lobes.

Lob. Vag.— Vagus lobes.

L. I.—Lobus inferior.

L. L.—Tateral longitudinal fasciculi.

L. 0.—Lobus opticus.

M. B.—Bundles of Meynert.

M. £.—Fibres of Mauthner.

Mol. Cer.~—Molecular layer of cerebellum.

V. 1I.—Opticus.

N. IIT.—Oculomotorius.

N. IV.—Trochlearis.

N. V. asc.—Ascending root of fifth.

N. V. gen. d.—Dorsal geniculated root of fifth.

N. VII.—Facialis.

N. VIII.—Auditory.

Nucl. Sp. L.—Nucleus of 1st spinal.

Nucl. Vay. Il. M.—Nucleus of motor root of posterior part of vagus
group.
=3

Ul —~Oliactory tract.

Op. Chi.—Optic chiasma.

Pd.—Peduncle of cerebral hemisphere.

R. ac. V.—Root of fifth from tuberculum acusticum.

R. ac. Vag. I.—Root of vagus group from tuberculum acusticum.
Sec. V. T.—Secondary vago-trigeminal fasciculus.

T. L.—Torus longitudinalis.

T. 0.—Tectum opticun.

‘T. S.—Torus semicireularis.

7'r. 0.—Optic tract.
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PLATE V.—(Cuntinued).

Tr. Cer. ud L1, —~Tractus cerebelli ad lobum inferiorem.
Lub, Ac.—Tuberculum acusticum.

Tub. Cin.—Tuber cinereum.

VLI, —Ventriculus lobi inferioris.

VL0.—Ventriculus lobi optici.

V. 11].—Ventriculus tertius.

V. 1V.—Ventriculus quartus.

Vent. com.—Ventriculus communis.

Vag. 1. & I11., S. & M.—Sensory and motor roots of the hrest and second
parts of the vagus group.

Val. Cer.—Valvula cerebelli.
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NERVOUS SYSTEM AND SENSE ORGANS OF AMIURUS. 453

PLATE V1.
B0.—Basi-occipital.
C. I.—Centrum of Ist vertebra.
D M.—Dorsal musculature.
E 0.—Exoccipital.”
L. tri.—Trigeminal lohes.
L. vag.—Vagus lobes.
N. VIII post.—Posterior division of anditory nerve.
R. ac. vay. J.— Acustic root of vagus.
R. lag.—Ramus lagenze cochleze.
R. lat. V.—Ramus lateralis trigemini.
R. sac.—Ramus saceuli.
T. 4. ~Tubereulum acusticum.
Vag.—\agus nerve,
as.—Asteriscus.
asi.—Atrium sinus imparis.
¢r.—Crest of basi-oceipital hetween fovewr saceuli.
¢l.—Claustrum.
d* 2 3—_Dorsal roots of 1st, 2nd and 3rd spinal nerves.
de.—Ductus endolymphaticus.

dm.—Patch of dura mater on basi-occipital and upper surface of
first vertebra.

dus.—Wall of ductus utriculo-saccularis.
JSr.—Frontal semi-civenlar canal.

fr. a.—Ampulla of semi-circular canal.
Js.—~Fovea sacculi.

in.—Incus.

lng.—Lagena cochlee.

na I.—Neural arch of 1st vertebra.
mall.—Malleus.

s.—Sagitta.

sac—Sacculus.

sc.—Saccus endolymphaticus.

sp.—Saccus paravertebralis,

st. ant.—Anterior spoon-shaped process of stapes.
st. art.—Articular process of stapes.

st. asc.—Ascending process of stapes.

st. t.—Tendon attaching incus to stapes.
u.—Utriculus.

»! 2 3—Ventral roots 1st, 2nd and 3rd spinal nerves.

Figs. 1-11 represent selected sections from a frontal series through the part
surrounding the central nervous system of Amiurus from the posterior face of
the first vertebra as far forward as the suture between the ex-occipital and
the prootics. ) o
F1e. '1.—The dorsal and ventral roots of the third spinal zerve }%:etcmg the

membranous wall of the neural canal, which is lined by the dura
mater vertebralis, while the spinal cord is closely invested by
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PLATE VI.—(Continned).

the dura mater medullaris. Between these two membranes is
the characteristic loose adipose tissue.  The roof of the neural
canal is here formed by cartilage which has largely undergone
ossification both from the centre and the perichondrium. Tt is
invested on the outside by the membrane bone in continuity
with the third spinous process. The dorsal musculature lies
above the anterior part of the tranverse process of the fourth
vertebra and the saccus paravertebralis which contains the male
leus. (Vide Fig. 4).

Fua. 2.—Through the ventral roots of the second nerve (further back than the
dorsal) (vide Fig. 8, PL. IV.) which emerge behind the ascending
processes of the stapes (right side is somewhat further back-
wards). Between the neural arches of the first vertebra is the
thickened patch of dura mater which furnishes the membranous
wall of the neural canai as well as the dura mater medullaris,

Fra. 3.—Shows the dorsal roots of the second spinal nerve emerging above
the ascending processes of the stapes. The neural arches of the
first vertebra are seen as the articular processes of the stapes.
The ventral roots of the second are seen in a'canal of dura mater
in their backward course towards their foramina. The anterior
spoon-shaped process of the stapes is caught just behind the
atrium sinus imparis.

Fi¢. 4—Is through the middle of the, atria sinus imparis, the partition be-
tween which is formed by the thickened dura mater which is in
continuity with the connective tissue surrounding the stapes,
and that on the outside of the claustra. The separation of the
layers of dura mater is less complete, but in the dorsal part of
the spinal canal the medullary can be distinguished from the
vertebral layers and bejween them the rest of the membrane is
continuous with the loose adipose tissue. The tips of the claus-
tra project slightly from above into the atria sinus imparis. The
whole of the saccus paravertebralis containing the oily reticular
tissue is seen in section, the malleus and inceus heing connected
to the stapes by tendon.

Fie. 5.—The basi-occipital is here only exposed for a small portion in the
middle line owing to the ex-occipitals abuttingon it. ‘The section
passes through the commmunication between the carum and atria
sinus imparis, the partition (dm. of last figure) being only
caught above. The atria open above into the reservoir (rsi).
The lateral wall of the neural canal is formed by the conuective
tissue separating the claustra from the ex-oceipitals.

Fig. 6.—The reservoir appears in this section, which passes through the
foramen magnum, slightly bilobed. The dorsal and the ventral
roots of the first nerve are caught in the bouy canal through
which they emerge. The cavum sinus imparis is cut behind the
saccus endolymphaticus. It contains only fluid like the atria
and reservoir, no reticular tissue. The posterior surface of the
lagena cochlex is just caught. The osseous roof of the cavum
thins out before it joins the patch of dura mater.

Fie. 7.—Just behind the vagus foramen, and through the strong ventral roots

of the first spinal nerve, the membranes of the brain have here

the features characteristic of the cranial cavity. The osseous
roof of the cavum sinus imparis is somewhat thicker, its walls
much thinner. It contains here the thin walled saccus endolym-
phaticus. In the foveae sacculi is the section of the pars inferior
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PLATE VI.—(Continued).

of the labyrinth, in which the outlines of the asteriscus (as) and
sagitta, (s) are shown resting on the macula acustica lagence cochlee
and wacule acustica saceuli,

Fre. 8.—Is throngh the ductus endolymphaticus which connects the saccudi.
1t lies in the entiance to the cavum sinus imparis whose osseous
roof here slopes downwards so as partly to close the entrance.
The sacculi communicates here with the lagenw cochlew. The
wall of the labyrinth helow is attached to the crest separating
the foveae saceuli.  The relative position of lagenar and saccular
branches of the anditory nerve is well seen.  The right side of
the section is immediately behind the vagus foramen, and catches
the ampulla of the frontal semi-cireular canal,

Fic. 9.—Shows the section of the saceuli in front of the ductus endolym-
phaticus ; the anterior wall of the ductus is also attached to the
crest.  The ventral surface of the medulla oblongata is separ-
ated from the labyrinth by a layer of adipose tissue. The solid
wall of the labyrinth in which the ductus sacculo-utricularis is
excavated stretches upwards and outwards along the thickened
exoecipital.

F1c. 10.—Cuts the labyrinth immediately behind the ductus sacculo-utricu-
laris (dus).  On the lateral wall of the utriculus is one of the
macule neylecte.  'The crest separating the foveae sacculi is now
much wider.

Fic. 11.—For the region of the brain in the section vide Fig. 3, Pl. V. The
utriculus is cut behind the recessus utriculi.  The posterior divi-
sion of the auditory nerve with its interpolated ganglion-cells is
not yet subdivided into Rr. lagenw and sacculi. The anterior
tips of the sacculi are about to enter the small cavities in the
prootics which receive them ; they are surrounded by delicate
tubes of dura mater.



456 ALIMENTARY CANAL, ETC., OF AMIURUS CATUS.

PLATE VIIL
Eigs. 1-12 are from Amiurus catus ; Fig. 13, from 4. nigricans.
Fi¢. 1.—Epithelium of the mucous membrane of the mouth, the section
being from near the tongue; a, a clavate cell ; b, slime cells,
Magnitied about 400 diameters.

F16. 2.—A transverse section of the wall of the wsophagus showing the
arrangement of its coats. Low power.

Fra. 3.——Superticial epithelium of wsophagus isolated by maceration in a
mixture of seram and Miiller’s fluid.  Magnitfed 440.

Fic. 4.—Epithelium and glands of the stomach, hardened in Miiller’s fluid,
Magnified 235.

Fre. 5.—A peptic gland of young cat-fish four hours after swallowjng food.
Treated with osmic acid and aleohol.  Magnified 590.

F1e. 6.—Superficial epithelium of pylorus ; «, erypt forming one of the so-
called pyloric glands. Bardened in Miiller’s fluid.  Magnified 235.

Fre. 7.—A transverse section of the wall of the midgut showing the various
coats ; s, the serosa ; mo, the outer or longitudinal muscular coat;
mi, the inner circular layer of muscle fibres ; sm, the submucosa ;
mae, wuscularis mucose ; m, the mucosa. Low power.

Fre. 8.—Superticial epithelinm of the midgut isolated fresh in serum. Oc. 4,
Imm. obj. H, Zeiss.

Fre. 9.—F;es_h epithelium of endgut teased out in serum. Oc. 4, obj. H,
Z.eiss.

1. 10.—A portion of a section of the liver showing the radial capillaries cut
transversely ; gc, gall capillary filled with indigocarmine by natu-
ral method, and shown here by the broad black line; »v, radial
vessels of the lobule ; gt, a hepatic cylinder surrounded by the rad-
ials and their transverse braunches, with the gall capillary in the
centre. Magnified 590.

Fre. 11.— A section of a smaller division of the portal canal; V.2, interlobu-
lar veins; gd, gall ductlets ; ha, hepatic artery ; p¢, pancreatic
tubules. Magnitied 440,

F16.12.—A pancreatic tubule showing the condition some time after food is
taken. Magnitied 590.

Fic. 13.—Diagram showing the relation of the gall-bladder and duct to the
pancreatic duct ; dhe, hepato-cystic ducts; dp, pancreatic duct;
dc, ductus choledochus.
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BLCOD-VASCULAR SYSTEM, ETC., OF AMIURUS CATUS. 457

PLATES VIIL

Figs. 2, 3,5, 6, 9, 11, 12, Hartnack 0h. 8, Oc. 2, cam. luc. Figs. 4, §,

Fre.

O TEN
Fre.

e,

Fre.

Fic.

Fii.

) (TN

Fr.,
Fic.

O TEN

X6,

Ob, 4. Fig. 10, 0b, 2.

l.—L, (L, IIL, IV, 1st, 2nd, 3rd and 4th branchial veins; c. ex., ex-
ternal carotid ; c.in., internal carotid ; ps., pseudobranchia ; n.,
branch of internal carotid to the nasal cavity ; b c., cut edge of
the floor of brain case removed to show («nt., med., post.) anterior,
median and posterior acteries to brain ; sc., artery to pharynx,
&e. ; ao. des., aorta descendens; k. k., artery to head-kidney ;
¢. m., celiaco-mesenteric.

2,—Psendobranchia—u., part of wall of internal carvotid ; b, openings
into the surronnding tissue ; c., artery.

3.—From the same section—e., m'tex:ies; b., spaces from which they
arise ; c., blood-cells in interfibrillar spaces.

4.—From a section of spleen of young fish—¢., capsule; . c., Malpi-
ghian corpuscle, with m. «. its artery ; py., pigment granules ; p.,
pulp.

5.—Same as the last—aq., artery ; ., spaces between artery and tissue
of Malpighian corpusele, m. ; p., pulp; ». s., venous sinuses of
pulp ; ¢., pigment granules.

6.—Malp. corp. from spleen of old fish—ua., arteries; i., interconnecs
tive tissue of M. corpuscles, with blood-cells in its interspaces,

7.—Cells of spleen from Miiller’s fluid prep.—«., adenoid connective
tive tissue cells ; 0., piyment cells with granules ; ¢., biood-cells ;
d., lymphoid cells of Malp. corpuseles.

8.—From section of thyroid gland—er. is placed in lumen of truncus
arteriosus, cut at the origin of the stem of the 3rd and 4th pairs
of hranchial arteries; v., veins; wvc., vesicle with granular con-

tents ; vc.,, vesicle filled with colloid matter ; p., pigment.

9.—From section of head-kidney to show the pulp tissue and the
venous sinuses.

10.—Section of s. r., supravenal body imbedded in the substance of the
kidney, &.

t1.—Lobules of suprarenal body—4A. to show the common form and
arrangement of the nucleated granular cells; B. lobules with in-
distinet cellular outlines, but distinct nuclei, and deeply stained
structures (figured black) usually pointed triangular, supposed to
be ganglion cells.

12.—Cells of lobule, Miiller’s Hluid prep.






