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PART 1I.

Henricus Franque, doctor of medicine and surgery, published his
famous wonograph, entitled Amiee Calve, Anatomian Descripsit Taba-
laque IMustravit, in Berlin in 1847. The pamphlet form of this unique
paper, familiar toall anatomists who have worked upon orare interested
in the osteology of fishes, now lies before me. It extends through seven
pages, written in Latin, upon the skeleton of Amia calva, with refer-
ences to some of the soft parts; description of figures in the plate, and
the plate itself. This latter presents eleven figures, four of whicl are
devoted to the skeleton; Fig. 9 to a scale; while the remainder illus.
trate various things in the soft anatomy. Tig.1 isan upper view of
the skull, with all the ¢ cover-bones ” retained in their normal positions.
In Tig. 2 we are presented with a leftlateral view of the entire skele-
ton of & moderately sized fish of this species. Fig. 3 gives an infe-
rior view of a part of the cranium, with the cntire hyobranchial appa-
ratus removed.

These figures are all well done, and in a style peculiar to themselves,
bold and clear, though lacking in some points of minute detail. Three
of these figures have been copied for me by Mr. H. L Todd, and re-
duced by photograph for the purpose of adding to this article the figure
of the lateral view of the entire skeleton. This will be valuable in
showing the general relation and arrangement of the bones.

The excellent articlo of Bridge* is good as far as it goes, but he treats
of the skull of Amia only, and we still have to resort to other works to
study the extremely interesting points in the remainder of the skeleton.
Moreover, as Mr. Bridge’s paper was published in the J. ournal of Auat-
omy, it is not particularly available to a very large number of Ameri-
¢an workers. Indeed, this valuable periodical is not subscribed tor by
Dearly as many of our libraries and institutions as it should be, nor as
it deserves to be. To present a good account of the entire history of
the skeleton of Amia is the principal object I had in view upon under-
taking the present paper. Just previous to Dr. Sagemehl’s paper,
Which coustitutes Part I of this memoir, Bridge very truly tells us, in
his article, when reviewing all that anatomists had done with the skel
eton of this Ganoid ‘up to 1877, that “ the cranial osteology of living
Ganoids has Deen hitherto but partially investigated ; and even those
genera that have been described by the older anatomical writers will
ubuuda.ntly repay renewed investigation now that the researches of

arker, Gegenbanr, and Huxley have thrown s0 much light upon the
Morphology of the vertebrate skull.” ’
\\

“’Bridge, T.~\:V.—'1‘ho Cranial Osteology of Amia Caiva. Jour. of Anat., normal and
Pathol, Vo), XI, Pt. IV, page 603. Edinburgh and Lond,, July, 1877.
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“ Agassiz,® it is truc, has given to us an elaborate account of Lepi-
dostens, and the earlier description of Polypterns by H. Miiller® has
been supplemented hy Dr. Traquair’s® opportune paper; while to Dr.
Giinther and Prof. Huxley 2 we are indebted for exhaustive acconnts of
the skeleton of Ceratodus.”

“On the other hand, I amn not aware that, beyond the more or less brict
accounts to be found in John H. Miiller's Vergleickende Anatomie der
Myzinoiden® we have any detailed descriptions ot Spatularia, Acipenser,
or Amia; and the anatemical student who may wish to acquire any com-
plete knowledge of these genera must content himself with the above-
mentioned references, or with such facts as he may be able to glean from
such anatomical text-books as Huxley’s Manual of Vertebrata, Owen’s
Comparative Anatomy, or the Grundzigeder Vergleichenden Anatomic of
Gegenbaur. More especially is this true of Amia. The zoological char-
acters of this genus have been described by several Zoologists. Vogt
first. detected its true position among the Ganoids and removed it frem
the Clupeoid Teleostei, with which it had been placed by Miiller ;5 and
Hyrt]* and Franque® have described the generativeorgans and visceral
anatomy. But Iam not aware that there exists any connected account
of the osteology-of the skull of this genus, or that the skull has been
figured.”

Jordan and Gilbert place the Amias in the order Halecomorphi, and
the single species known, the subject of this paper, Amia calva, in
the ouly family in the order, Amiid®. These authors give as the geo-
graphical range of this fish the great lakes and sluggish waters froms

- Minnesota to Virginia, Florida, and Texas. In describing the external
appearance of Amia calva, they state that it is of a “dark olive or
blackish above, paler below ; sides witp traces of dark reticulate mark-
ings; lower jaw and gular plate often with round bLlackish spofs ; fins
mostly dark, somewhat mottled. Male with a round black spot at base
of caudal above, this surrounded by an orange or yellowish shade. In
the female this spot is wanting.”

On the 12th of February, 1883, I took in a seine near New Orleans,
La., four specimens of Amia. Two of these were alike; they were very
dark above, the ocellation at the base of the tail, large, very black, and
the emargination a brilliant buff color. But what was still more strik-

“ Agassiz, Poiss, Foss, Tom. 11,

% dbhandl, 4. K., Wiss. ; Berlin, 1844.

5t Journal of Anatomy, Vol. IV.

% Phil. Trans. 1871; 5 Proc. Zool. Soe. 1876.

8 Vergl. dnat. d. Myx., Berlin, 1835.

% Arnales des Sciences Naturclles, Tom. XX1v, Heart and alimentary canal figured. -

® Mtiller’s paper, ¢ Sur les Ganoides et sur lns classification naturelle des Poissons,”
js tramslated by Vogt in the xxv. vol. Ann. 8ci. Nat, )

4. K. Wiss. Wien., 1855.

& Amie calre Anatomia, Berlin, 1847.

® Jordan & Gilbert. Syn. Fishes of North Amer. Bull, U. 8. Nat. Mus., No. 16,
1882,
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ing, and what differs from Jordan and Gilbert’s description, the pecto-
ral and ventral fins in these two specimens were of a bright Prussian
green. The two remaining specimens were smaller fish, much lighter
in color, being sort of a clay-brown, with the fins of a similar shade,
and less mottled than the others, with the caudal ocellation present,
only not so large or brilliant.

OF THE GANOID PLATES.

This series of investing bones of the cranium have been so thoroughly
described by Sagemehl above, and by Bridge in the Journal of Anat-
omy, that I shall coutent myself with a running review of them, with
8pecial refercnces to the fine specimen before me, from which I made
my drawing. (Plate 1V, Fig. 16.)

The most extraordinary thing about Bridge’s description is that he
8eems to have secured a specimen for his dissection, wherein the parie-
tal dermo-plates were in one piece, without any trace of a suture be-
tween them. To the united bone this anatomist gave the name of the
dermo-supmoccipita-l, which is commented upon by Dr. Sagemehl in
Part I of this paper.

It seems hardly possible that Bridge could have been mistaken in this
Matter, as he made special search for the sutural trace dividing them,
aware as le was of Owen’s already having mentioned that two plates
Oceupied the site of his dermo-supraoccipital. Moreover, the sculptur-
Ing would be different on a single plate, as the rugosities would radiate
from a single center to the borders as they do in the other plates.

In all the specimens that I have examined, including the one before
e, these parietal plates, existed as described by Dr. Sagemehl, even to
the detail of the suture not terminating in the median line posteriorly
a8 shown in Plate I, Fig. 1, Pa. This was the condition found and de-
Seribed also by Franque, who gives a very good representation of a
Superior view of the dermal plates in this fish. (Plate 11, Fig. 7.)

The arrangement in my specimen is precisely the same as in the speci-
men drawn by this latter anatomist, the right-hand plate extending
ore anteriorly and the suture between the bones deflected to this side
POsteriorly. Figure 7 should show, however, more marked serrations
Of the margins of the bones auteriorly, as they are invariably found to
be 50 in nature.

External to the parietal plates on either side we find alonger and nar-
Tower bone, sculptured as the rest, which is the squamosal. (Plate IV,
Fig. 16, q.)

Behind “the squamosals and parietals, the hinder margius of which
form nearly a straight suture across the skull, we find the supra.

Porals, two rather long, triangular plates placed transversely with

CIr blunted apices meetingin the median line (Fig. 16, S, tp.). These
tWo plates shut out from superior view the two forked limbs of the
Posttemporals upon which they rest.
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Of all these plates on the superior aspect of the skull the frontals are
by far the largest. Posteriorly they articulate with the squamosals
and parietals as already deseribed, while on ¢ither side they make room
for the postorbitals. (Plate 1V, Fig. 16, Fr.)

Their anterior bodies are separated from the hinder margins of the
nasals by a considerable interspace. Thisis bridged over by a delicate
membrane, which is continuous with a similar tissue that extends across
the gap between the frontal and lacrymal on either side (Plate IV,
Fig. 16,jn.). In prepared skuolls where this structure is allowed to
remain and dry it becomes very thin, and by cutting through it we ex-
pose the posterior narial apertures and the primoidal cranium beneath,

The nasals are oval bones that articulate with each other in the
median line by means of a markedly dentate suture. Wedged in between
them anteriorly we find the azygos and subtriangular ethmoid (Plate
1V, Fig. 16, Na. and Eth.). Upon the outer side of each nasal, in my
specimen, there lies a smaller plate, of a spindle-like form, that corre-
sponds to the plate described by Bridgo as the preorbital, although its
posterior end occupies a point only about balf-way distant between the
teeth and the anterior margin of the orbit (Fig, 16, An.). This author
also figures a small ossification below this preorbital, which does not
occur in my specimen. Dr. Sagemehl seems to have found a like
structure, but attached no significance to it.

Bridge describes the ethmoid very concisely when he says, ¢ The
dermo-cthmoid (Eth.) is somewhat T-shaped, with its antonol trans-
verse part slightly concave from side to side. It overlies the prenasa
process and the premaxille. Each end of the transverse part is in
contact with the preorbital bone, while the stem of the T passes back-

wards between the nasals, separating them for about a third of th@]l‘
extent.” "

The peripbery of the orbit is subolhptlc(ml in outline, and six of the
dermo-plates contribute to its boundary. The upper half of the cir-
cumference is formed by the free margin of the frontal, as the vault ot
the orbital cavity is made by this bone. Its lower half is bounded by
the five remaining plates, of which the superior postorbital is the largest,
and the rear suborbital the smallest, though the latter contributes the
greatest share to the peripheral circumference.

The most anterior boune of this suborbital chain, I call, in common
with other anatomists, the lacrymal, as it is quite constant in the class,
both in the position it usually occupies and its oceurrence. The two
smaller plates, immediately beneath the orbit, are true suborbitals, and
their namber and arrangement vary greatly throughout all fishes,

Behind the large triangular postorbitals, we find a group of small
bone-plates, forming a vertical chain, that fills in the space between
these bones and preoperculum (Plate IV, Fig. 16 k, I/, k). These small
plates seem to vary in their size, form, and number, for on the opposite

®Jour, of Anatomy, ‘July 1877, page 608,
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side of my specimen I find but one of them, which is situated just be-
low the squamosal and shaped like the one marked & on the right side.

All four of the opercular boncs are presentand thoroughly developed.
(Fig. 16, Op., 8. op., L. op., and Pr. op.)

The preoperculum is a long, narrow, crescent-shaped bone, that touches
the squamosal above and contributes to the articulation for the mandi-
ble below. Only a narrow strip of its external surface, just within the
Posterior border, along its entire length, shows the sculpturing common
to the other bones. Beyond this its surface is smooth, and its anterior
border makes a very intimate union with the hyomandibular and sym-
plectic. :

The three remaining opercular bones are beautifully seulptured all
over their external surface, and remind one not & little of those rugose
surfaces as seen in some of the handsome marine shells. Of these bones
the operculum is by far the largest ; it articulates with an elongate facet,
placed upon the upper and posterior angle of the hyomandibular. In
common with the remaining two of the group, its anterior border is over-
lapped by the preoperculum. The upper and lower margins of the sub-
operculum are closely applied throughout their entire extent to the op-
posed margins of the operculum and interoperculum. This element is of
4 more irregular form than either of the others, its upper border being
deeply concave to admit the rounded lower anterior angle of the oper-
culum, while the inferior one is quite straight. Against this last, the
base of the interoperculum is applied, this latter plate having somewhat
the form of an isosceles triangle, with its rounded apex directed below.
The inner surfaces of these three last opercular bones are smooth and
unmarked by any sculpturing, as their opposite sides are. A rounded
ridge crosses the suboperculum obliquely, extending from its upper pos-
terior angle to the lower anterior one. Anteriorly, the extremity of the
Mazillary (Fig. 16, Mxz.) is beut towards the median line, and articu-
lates in a socket immediately behind the outer end of the premaxillary,
being covered over above by the preorbital and lacrymal plates. Its
entire lower margin is armed with p single row of thickly set teeth.
These decreasc in size from before, backwards, and, like the larger ones
on the premaxillary are very sharp and gently curved inwards. The
hinder half of the upper border of the maxillary supports an additional
thin plate of bone, as seen in so many of the Teleostei. This is the ad-
Mazillary, and its form is very much the same as in bony fishes (Fiyg.
16, a). RBoth the maxillary and admaxillary are sculptured on their
Outer surfaces after tho fashion of the other ganoid plates described
above, '

Bridgoe says: ¢In comparing the skull of Amie with the skulls of
Certain of the Siluroidei, and notably with that of Clarias, it is inter-
“Sting to notice that, in addition to the more obvious and less impor-
tant points of resemblance between the two genera necessitated by
the flattened condition of the heqd and a foreshortening of the prefrontal
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region, there is a close agreement between them in the number and re-
lations of their ganoid plates.”®

Of the Mandible.—A lateral figure of this very complex bone presents
us with a partial view of four of the elements that eunter into its com-
position (Fig. 16). As usual, the chief part of the ramus is made up
by the dentary (Fig. 16 and PL V, 17, D or d). This bone expands
bebind to articulate with the angular and surangular on lateral view,
while internally this expanded part is broadly concave, which concav-
ity is arched over by the splenial. Anteriorly, it ineets the fellow of the
opposite side in a rather strong symphysis, the two bones developing
a single row of powerful teeth. These are of a conical form, curved
backwards, and very sharp at the apices. In Fig. 16 is shown where
two of these teeth have been shed, and the shallow pits they leave be-
hind them. The row of smaller teeth beyond, as showu in this figure,
belong to the splenial or the plates connecting it with the symphysis.
Upon lateral view we may also see the angular and surangunlar to the
extent shown iu Fig. 16, as well as the ossification marked 2z to be de-
scribed further on.

The angular is the next in point of size to the dentary. Its outer
surface is convex and sculptured in the same manner as the ganoid
plates, while posteriorly it forms part of the articulation of the jaw.

Above this element we find the surangular splint, which is carried up
to form the coronoid process, to be tipped with cartilage at its apex.

Bridge, after his careful investigation of the mandible, says, in his pa-
per quoted above, that it “is an unusually complex structure, as each
ramus consists of not fewer than fourteen distinet elements. Meckel’s
cartilage persists as a thin axial baund of cartilage. Its distal end is os-
sified, and forms a small cylindrical mento-meckelian ossicle (Plate V,
Fig. 17 of this paper, mt. mk.), which lies in a groove on the inner side
of the symphysial end of the dentary (d). The proximal end of the car-
tilage is the seat of at least four distinct ossific centers, Of these, three
are arranged in a linear series proceeding from the angular extremity of
the mandible. These are referred to in the annexed plates [figures] as
a,b, and ¢. Of these the ossicles @ and b form the anterior and poste-
rior boundaries of the articular cup for the quadrate, and are separated
from each other by that portion of Meckel’s cartilage which forms the
bottom of the cup. The bone marked ¢ is much smaller than the other
two. That part of Meckel’s cartilage adjacent to the articular cup is
produced vertically upwards and forwards into a well-marked * coro-
noid process’ (¢r). The base of this process is the seat of an ossifica-
tion () which forms the outer side of the articular cup, and fits into
the cup-shaped distal end of the preoperculumn. Thus these three bones,
a, b, and ¢, contribute to the formation of the concave articular surface
for the quadrate.”

—

———

% [bid., page 609.



[49] THE OSTEOLOGY OF AMIA CALVA. 795

‘“ Hitherto it has been currently stated in anatomical text-books that
the mento-meckelian bone at the distal end, and the articalar bone at
the proximal end of Meckel’s cartilage, were the only elemeunts of the
andible really formed by ossification of the cartilage itself, yet in
Amia there can, 1 think, be but little doubt that at least four, and
brobably five, ossific centers are developed in the axial cartilage.
Whether one of the centers a, b, ¢, and d represents the os articulare
of the Teleostean mandible, or whether the latter bone is really a com-
bound bone resulting from the coalescence of the persistently distinct
elements of Amia, is not very evident; but I am inclined to think that
the os articulare is not so simple a bone as it has hitherto been supposed
to be.  As the Meckelian cartilage is the distal, or ventral half of the
first postoral visceral arch, though it may not be possible to point out
the special homologies of the mento-meckelian, and the ossicles a, b, ¢,
and d, with the ossifications found in the ventral halves of the remain-
lng postoral arches, yet I think that we may roughly correlate those
ossicles with the interhyal, epihyal, ceratohyal, and hypohyal of the hy-
oidean series.” .

“It may also Le that the cartilaginous ¢ corounoid process’ is another
instance of the tendency manifested by the first postoral arch to develop
forward conuective outgrowths, of which the orbitar process and the
balato-pterygoid arcade are conspicuous examples in the proximal half
of this arch. In addition to the mandibular elements above referred to
there are, in addition, several membrane bones. 7The ossification a has
3 small gapoid plate (d. a)® attached to it, which appears at the extreme
tip of angle of the jaw.” ‘

I show in Plate V, Fig. 18, the large triangular splenial én situ.
il‘bis bone does not run out to the symphysis of the raini anteriorly, but
I8 indirectly connected with it on either side through a chain of five
very much smaller plate-like bones. These each support a tuft of good,
Strong teeth, and very much remind one of the dental plates arranged
along on the superior aspect of the branchial arches. I am surprised
that, Bridge did not notice this when he compared the numerous. ossifi-
Cations of Meckel's cartilage with these arches, as the simile is equally
Striking. Teeth are found also over quite an extensive area on the
upper part of the splenial, though here they are very fine indeed (Fig.

When the splenial is in position, a large subcompressed conical
Sbace is inclosed between it and the outside bones. The base of this
"}’De Is directed inwards and forms the opening to the sulcus in ques-
tion. Both the symplectic and the preoperculum contribute to form the
C}IP for articulation with the mandible, and the quadrate supplies an ar-
ticular gemi. globular head for the same purpose. -Asalready described,

€ opposed surfaces on the jaw are developed from special ossific cen-
IS,
—

——

%1This is the ossio-lo marked ¢ in Fig. 16 of this paper
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A large azygos gular plate partially fiils iu the inter-ramal space (PL.
VI, Fig. 20,°G. pl.). This plate, oceapying as it does the same position
as the paired structures of similar description in Polyterus, is held to
the surrounding Lone by the skin and other soft parts. Its anterior
end develops an expanded tip, which is connected by stronger liga-
mnent to the symphysis of the jaw. Kxternally, the surface is seulpt-
ured like the ganoid plates on the roof of the skull, while its internal
surface is quite smooth. Tle homology of this plate is still unsettled.
It has been spoken of as replacing the urohyal, A very long, osseous
gular plate is found in the inter-ramal space among the Elopidee.

Of the Crantum.—So minutely has Dr. Sagemnchl described this part
of the skeleton of Amia calva, that I will here but hastily view the
points for examination, and introduce them merely as a recapitulation
to fill in my own account of the skull.

To examine the craniumn we must take the head of a fresh specimen,
remove the shoulder-girdle, all the ganoid plates, and other strnctures
below and laterally that do mot belong to it. Then, from a saperior
view, we have presented us for examination a large, central quadrilat-
eral, cartilaginous track (Fig. 6). At the anterior extremity of this, we
see the intermaxillary (8m.); the premaxiliary (Pma.), and the prefrontal
(Prf.). Occupying a lateral and at the same time a mid position we see
~ the postfrontal (Fig. 6 Psf.), while it is bonnded behind by the opisthotic
at the outermost angle (I'ig. 6 Je¢, interealare, Sagemell, op. o, opisthotic
of Bridge), just within which, and above it, we find the exoccipital
(Ex)—this latter is marked ep, o. in Bridge’s figare, he considering it
the epiotic. Behind these two bones we observe in Fig. 6 a segment
marked O, this is the occipitale laterale of Sagemehl, and the exoceipital
of Bridge. To the rear of this again we find the oceipital arches, so
well described by the former anthor ju Part I of this paper.

Now, turning the cranium over, we have presented us upon its infe-
rior agpect, for examination (Ifig. 2), first, the pair of vomers (v0.), situ-
ated anteriorly ; then traversing the basis eranii longitudinally the para-
sphenoid Ps. (pa.s in Bridge's figure).  An almond-shaped area in the
middle of this Jatter boue is covered by fine teeth, while the anterior
thirds of the vomers support others which are very much larger and ar-
ranged in a circular gronp. The vomers and parasphenoid must now
be carefully removed ; then we have before us the ossifications shown
in I'ig. 3—the base of the cranium. Proceeding from before back-
wards, there are the premaxillary (Pma.); the septo-maxillary (Sma.);
the prefroutal (Ir1.); the orbito-sphenoid (0s.); the alisphenoid (4s.);
the postfrontal (Prf.); petrosal (£¢.) (the pmom of Bridge); the opis-
thotic (Je.); and the occzpztale luterale (OL) spoken of above. The infe-
rior view of the co-ossified oceipital vertebrae is also to be seen from
this side.
~ Upon a direct lateral view (Fig. 5) ma) be seen the premaxﬂl‘ny
(Pmw.) ; the septo-maxillary (8ma.); the prefontal (Prf.); the orbito-
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Sphenoid (¢s.); the post-frontal (Psf.); the.alisphenoid (4s.); the pro-
Otic (Pe.) 5 the epiotic (Er.); the opisthotic (Je.); the exoceipital (OL),
and the lateral view of the co-ossified * occipital arches” of Sagemehl.

Lastly, viewing the cranium directly from behind (Pl ITI, Fig. 13), we
may see the opisthotic (Je.); the exoccipital (OL); the.epiotic (Ex.),,
and the rear view of the vertebra that have co-ossified with the occiput,
Should the vomers and parasphenoid be allowed to remain on, these
may also be seen upon lateral views. :

As the preceding paragraphs give the differences in nomenclature
a8 used by Sagemeh] and Dridge, it will be uunecessary for e to re-
mark upon it further in this connection. 1 will simply say here that
from this point on, I propose to adopt the terms employed by the lat-
ter author in designating the various bones. _

The vomers are cleft behind to adwit the parasphenoid, while they
are united for their anterior thirds by suture.

Near ity middle, the parasphenoid throws off on eitber side a lateral
Wing, which in each case passes upwards in a curve to bound the pro-
Otic anteriorly, lying between the foramina of exit for the fifth and
S¢venth nerves, and finally terminates against the postfrontal.

Viewed from below, the united premaxille:form a crescent-shaped bone,
that supports a com plete single row of sharp, incurved teeth. These are
Second in point of size of the various teeth found upon this part of the
skull; the largest being on the palatines, and the smallest on the pos-
terioy margins of the maxillaries, that is ift we do not take into consid-
eration those minute teeth found on certain arcas of the bones of the
mouth, 7The ascending portion of the premaxille is carried back be-
tween the nasals and the sub-nasal cartilage as far as the frontals,
being covered in this situation by the nasals and ethmoid. Kach as-
cending process is pierced near its center by an oval foramen for the
bassage of the olfactory nerve.

We now come to examine the chondro-cranium proper and the ossifi-
Cations that take place in it. Removing the bones we have just
‘1080ribed, the reina-ining part, pyramidal in formn, has its broad end
Dosteriorly, while it terminates in frout in the prenasal process. -The
Cartilaginous vault is unpicrced by any foramina, and neither promi-
Bent otic or nasal’ projections exist, as scen in many of the Teleostei.

“commodating itself to the form of the cranium, the brain-box passes

“tWeen the orbits to have its apical anterior end terminate between the
brefrontyls dgainst the'hinder margin of the lamina perpendicularis,
Which in tupn terminates anteriorly in the prenasal process, referred to
2lb0\vc.

'1fhe supraoceipital is ubsent and the basioccipital is much elongated,
OWing to the fact that it has appropriated two of the leading vertebra
of the c(')lunm, the neural arches of which ride it above.

EJ;Occ{pitals are well developed, and contribute both to the peripheries
of the foramen magnuwin and the opening for the vagus,
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Independent epiotic, opisthotic, sphenotic (postfrontal), and proitic
osseous elements are represented in the auditory capsule, buv the pro-
6tic is the only one that passes through the cranial wall to be discerned
upon the inner aspect of the brain-case. The pterotics are absent.

By the proper interchange of the nomenclature, minute descriptions
of all these elements are contained in Part I. Bridge’s descriptious
are also terse aud clear. For those who may by chance in their reading
wish to compare the investigations and studies of Bridge upon the
cragium of Amia,in his article in the Journal of Anatomy, with Part [
of this paper, the following table will be found to be useful in the con-
nection, presenting as it does in a concise form a few of the differences
interminology ewployed by these two authors; where the number of the
figure is given in parentheses it is reproduced in this memoir.

TABLE,
Figures and lo$-

Bhufeldt. B oring. Bridge. Sagemel.
Ethmold.ceeeeisiaeeiannn... Fig. 14 (Bth.) | Ethmoid...... ... . . l Ethmoideum. (Eth.)
Naea) oo Fig. 14 (Na.) | Nasal......... . | Nasaole. (Na.)
Sepg))mnxillury ......... Fig. 34 (Smz.) | Septemaxillary | Beptomaxillare. (Smz.)
Profaxillary...o.oe voeenn. Fig 2 -+ (Pmxz.) | Premaxiila . ..., Ceeees : Praemaxillaro. (Pma.)
Preorbital ...l Fig.1 (4An.) 1‘;“30_“’“31 Sermeeeiaea, | Antorbitale. (4d7.)
Prefrontal . ................. Fig.8 4 (Prf) | Prefrontal ... . . : Prasfroutale. (Prf.)
Frontal ....o.ooooiivun. .. Yig. 1)0 + (F.or | Frontal.......... L Frontale. (F.)

7. .
Postfrontal ................. Fig. 34 (Paf.) | Postfrontal (sphenotic)....1 Postfrontale. (Pyf.)
Pavietal ..., Fig. 14 (Pa.) | Dermo-supraoceipital..... i Parietale. (I’a.)
Squamosal .. ..o, Fig 14 (Sq.) i Parietal ... 2= -+ Squawosur. (S¢.)
Supratemporal ........o.... 1+ Figs. 1, 1‘(13 ;j— (5)~ Supratemporal ... i, Extrascapula. (Eze.)
t.p. and Lisc
Posttemporal .............. | Fig. !I"]tﬁ j_—)(Sc. Posttemporal.. ... ... . i Suprascapula. (Sc.)
ot Pst. 1. . H
Exoceipital .......oooeoo I Fig. 14 (0) Exoccipital ._......... ... I Occipitale latorale, (OL)
Basioceipital ... ........ © Fig. 5 -4 (0b) L | Qcvipitalo bosilare. (0d.)
Epiotic (Ep.o).eeer.vnnnnn. Fig. 5+ (Fz.)  Dpiotic (Ep.o)....... ..., 1 Occipitale oxternuw. (Ez.)
.54 (Pe) G Prodtic ... Petrosum. (Pe.)

Absent, .

Prootic (Pr.o)  ...oooev.... j Fig .
U y 1 Qpisthoti

Pterotic (abacut) ...

....... ! Absent.

Opisthotic (Op. o). ) .." Intercalarve. (Je.)
Vamor ...... | Vomeor .. . Vompr. (¥o.)
Parasphenoid . ! Parasphenoid Tarssphenoid. (Ps,)

+ Orbitosphennid

(An; [ Aliaphemoia Orbitosphonoid. (0s.)
A

Orbitosphenoid
g Alisphonoid. (de.)

Ahaplienoid |

. A+ ;ucnns other figures than the ono quoted in 1he secoud column show the same bone similarly
ettered.

The mucus canals have been so thoroughly treated in Part I that I
will not revers to them again here. In the mandible the single ramal
branch commences in the angnlar element to pass througl: the dentary
for its entire length, to mect the fellow of the opposite side at the sym-
physis.  This branch conneets with the system of the rest of the skull
whére the angular articnlates with the preoperculuwn, through which
latter bone the lateral mucus canal passes, after having traversed the
supratemporal and squamosal. ,

Both the orbitosphenoids and alisphenoids are move or less cirenlar
bounes. This is due to the fact that: during their extension and develop-
ment, they have not proceeded sufliciently far us to impinge upon neigh-
boring osseous elements for the major pavt of their peripheries,  The
position of these bones is well shown in Fig. 3, and others.
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The alisphenoid develops two processes and is piarced by two fora-
Wina. Of the processes, the smaller onearches over the canal for the
orbital muscles; the other is the ‘deseending process of the alisphe-

,10id.”  The larger foramen passes the first division of the fifth nerve;
while the outer und smaller oue transmits the second and third divis-
lons,

In each orbitosphenoid we see a deep cleft to allow for the exit of
the optic nerve from the brain-case. They are supported by the coa-
lesced trabecnlm below, articulateWith the alisphenoids laterally, and
Support the cover-bones above. .

The eye-muscle canal; the shallow pituitary fossa; the trabecular
8roove ; the anterior clinoid process or wall, with the ossifications in its
Subsmuce; the ¢ prodtic bridge;” the openings of the carotid arteries;
1d other structures in this region have all been sufficiently dwelt upon
In Par¢ 1,

The lamina perpendicularis being in cartilage, Amia in consequence
lacks the true ethmoid found in Polypterus. In referring to the septo-
Waxillaries Mr. Bridge says that “The two ossifications above referred
to as forming the antero-lateral angles of the internasal area are peculiar
to Amia amongst Ganoids. They lie, one on each side of the prenasal
Process, and appear to be ossifications in the cartilage of the floors of
the nagal capsules; inferiorly they rest upon the upper surfaces of the
vowers. There can, I think, be but little doubt that these ossicles
(sep. mz.) [Fig. 3 and others of this paper smz.] are homologous with
the paired endosteal ossifications, which are to be found at the distal
end of the great prenasal rostrum in the Pike. In fact, if the prenasal
Tegion in Amia were produced anteriorly into a rostrum comparable to
that of e Pike, theso bones would exactly resemble in position and
Telations their homologues in the latter fish.” ’

“These ossicles would also appear to be homologous with the septo-
Maxillary bone described by Mr. Parker as existing in the flow of the
Dagy) capsules in the Frog; and also with similar bones in the Ophidia.

8ection carried through these bones and adjacent cartilage in Amia
Would resemble in all essentials the various sections given in Mr. Parker’s
Paper (Phil. Trans., 1871) on the development of the frog’s skull (PL X)”

he next step in our dissection is to carefully remove the suborbital

chain of Bhones ; the maxillary and admaxillary; and the ganoid plates

overlying the nasal and premaxillary regions, then we bave exposed in
€ brepared skull the elements of the

PALATO-PTERYGOID ARCADE.

This is made up of the palatine, entopterygoid, ectopterygoid, with
Which ape associated the metapterygoid, hyomandibular, symplectic, and
Qadrate, While intimately related.to it is the preoperculum, and less
3 the operculum itself, which latter merely articulates with the

hyomandibular. The entire arrangement of these bones in Amia is
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upon the Teleostean type, and all the clements found in the bony
fishes are present.

Mr. Bridge, in his figure (Jour. Anat., 1877, Fig. 6) representing what
I here have drawn in my figure 19, has inserted cartilage amoug the
palatine and the several pterygoid bones. This material I have failed
to find in this situation in any specitwen of the age represented in either
figure that I have thus far examined.

The palatine (P, V1, Fig. 19, Pil.)Js thoroughly well developed and
armed with two sets or kinds of teetlr; the first of these, and the larg-
est in this part of the skull, forin a single row upon the lateral or exos-
teal portion of the boue in continuation with those on the premaxille.
Others, very much smaller, are arrauged internal to these on the en-
dosteal lamina of the palatine and continue the vomerine series. An-
teriorly at its apex the palatine is grooved to receive the intarned pro-
cess of the maxillary, which is here wedged in bLetween this boue and
the premaxillary. The palatine is also in relation in this region with
the septomaxillary, vomer, and prefrontal. It possesses the unique
character among Ganoids in its relation with the latter bone in being
carried in front of its articulation, & condition well known to us among
the bony fishes.

The entopterygoid forms the major share of the {loor of the orbit, ar-
tienlating by overlapping sutures with the bones it comes in contact
with, while its eutire buccal surface seems'to be overspread with very
minute teeth, This latter condition applies also to the ectopterygoid
(PL VI, Fig. 19, Enpt. Ectp.), this bone being additionally armed with a
row of fine teeth upon its lower border containing the palatine series.
It conuects the palatine apd guadrate bat is separated from the meta-
])tér‘ggoi(l by a thin strip of the entopterygoid.

The metapterygoid (Fig. 19, M. Pt.) is shaped like a fan with its han-
dle, tipped on the end with cartilage, directed upwards toward the
orbit. This is the ascending process of the metapterygoid. The fau
part terminates in an angle ab cither extremity; the anterior angle
nearly touches the alisphenoid, while the posterior one overlaps the
hyomaundibular.

S0 close is the union between the quadrate and symplectic, that these
two elements appear to form one bone. Taken together they are shaped
somewhat like a spherical triangle, the lower angle of cach being dis-
tinet, the symplectic terminating above the quadrate, each to boar an
articular facet for the mandible. In the case of the quadrate this is
convex and hemispherical, while in the companion bone it is erescentie
and coucave, being in reality, one-third of the socket of which the preo-
perculum affords the renaining two-thirvds.

It requires severe maceration in order to separate the symplectic from
the quadrate, the union almost amounting to true anchylosis.

The hyomandibular (Iig. 19, H. M.} is obliquely pierced Ly an cllip-
tical foramen, near its centre for the exit of the facial nerve. Above,
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its straight border articulates in an elongated facet in the cartilage
over the otic region. Behind, it supports a large circular facet, borne
upon a subsessile stem, for the operculum (ro).

Its relation with the cartilaginous interhyal and the symplectic
agrees very closely with typical Teleosteans.

Bridge seems to be iuclined to believe that the angle formed anteri-
orly by the long axes of hyomaudibular and symplectic, which give these
bones their directions, may account for the movement forward of the
wetapterygoid in this Ganoid. In most Teleosteans this latter bone is
directly over the guadrate, and not in front of it. In this I cannot
agree with him, but attribute the position of the metapterygoid in
Awmia, entirely to its unusual size, as compared with the neighboring
bones, rendering it a physical impossibility to assume any other posi-
tion, This bone in a bass (Micropterus salmoides) before wme is squarely
over the quadrate and rather behind it, whereas the anterior angle
formed by the hyomandibular and symplectic is quite a8 acute as it is
in Amia, but the quadrate is relatively very much smaller.

Of the hyoidean and bramchial arches (Fig.19).—In this connection
I will also describe the extraordinary series of branchiostegal rays in
Amia® There are twelve of these appendages, articulating through
ligamentous attachment, well within the posterior borders of the epihyal
and ceratohyal, upon their outer surfaces. They diminish gradually
in size from above downward, slightly overlapping each other about
half way down the series. The superior and largest hasa somewhat dif-
ferent form from the others, being a long ellipse, with a well-marked
longitudinal groove close to its upper border on its external aspect.
This surface likewise is sculptured all over quite as thoroughly as one
of the ganoid plates and in a similar manner. It articulates both with
the epibyal and ceratobyal. Thesculpturing gradually disappears as we
hear the middle of the series, through it can be faintly discerned to the
very anterior ray. In life, these rays lap each other anteriorly, the set
from oue side over the set from the other, under the throat, where they
Constitute a striking feature and unique ornament.

The articulation of the hyoid with the hyomandibular and sym.
Plectic, through the intervention of the cartilaginous interhyal with this
hone and the epihyal is very similar to the state of affairs as we find it
8mong ordinary teleostean fishes. Holding a mid-position in the arch,
the ceratohyal is a strong, well developed bone, bent at an elbow
vear its middle (Fig. 19 ¢. ky). The arch is completed by the lumpy
little hypohyal, borne at its anterior extremity (H. by). No evidences
€Xist of an ossified glosso-hyal.

The basibranchial elements of the branchial apparatus are composed
chiefly of cartilage with very little bone; one of the number seems to be
‘\“ﬁ—

% Mr, Bridge secms to have unfortunately secured an imperfect specimen of the mud-
fsh in this particular, as he afirms that there aro but eleven of these rays, that is
8rdly a good reason, however, for figuring but ten.—(Jour. of Anat., July, 1877, p.
» aud Fig. G, Plate IV.)
H. Mis. 67——51
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better ossified than the others. There are altogether four of them, and

' they are mueh compressed from side to side. The arches proper are
five in number, the first four being complete, with the usual elements
present. They are completely beset with groups of minute teeth, which
ride them above, and cote off like scales during maceration. The gill-
rakers are very small and thick-set. .

Mr. Bridge completes bis article in the Journal of Anatomy by a very
valuable and concise summary. As this occupies but little more than a
page, and contains so much, and in such a convenient form, of use in the
present connection, I feel quite sure the reader will think me warranted
in reproducing it here, and no doubt be thankful for it.

This author says that ¢«In summarizing the result of the foregoing
description of the skull of Amia, I would lay stress on the following
facts, as having a special bearing on the affinities of Amia to the more
highly specialized osseous fishes and to the amphibia.

«], The possession of a complete chondrocranium, <. e. the absence of
fenestre in the cranial roof, as in Lepidasteus and the Pike (Esox).

«II. The existence of a nearly complete series of otic bones, compris-
ing a large pro-otic¢, with internal plates forming a characteristic “pro-
otic bridge” in the floor of the cranium, opisthotic, epiotic, and sphe-
notic elements. :

~ ¢I1I. The presence of two ossific centers, partly exosteal and in part
endosteal, forming rudimentary basisphenoid.

«IV, Septo-maxillary ossifications in the subnasal lamina, as in
Clarias, Esox, Rana, and Ophidia.

“V. The interorbital prolongation of the cranial cavity, separating
distinet, paired ali- and orbitosphenoids.

«VI, The prolongation of the palatine in front of its prefrontal artic-
ulation, and the connection of its anterior end with the inwardly
curved process of the maxilla.

“VII The possession of a T-shaped dermal ethmoid overlying the
premazille, and the close analogy in nuwmber and relations between the
investing ganoid plates of Amia and those of the Siluroidei, and espe-
cially with those of Clarias, as has been previously described.

«VIII. A complete series of opercular bones, a preoperculum auchy-
losed to the hyomandibular and symplectic bones, an operculum, an
interoperculum, and a suboperculuin.

“TX. The presence of a jugal bone [admaxillary (a)] attached as in
Teleostei to the upper edge of the posterior part of the maxilla.

«X. The existence of a mento-meckelian ossicle, as in Spatularia, and
of several additional centers of ossification in the proximal extremity
of Meckel’s cartilage.

«X1I. The presence of five accessory dentigerous splenial clements in
addition to the normal mandibular splints, asin the young Polypteras
and Ceratodus among Ganoids, and in Siren and larval Salamanders
among Amphibia.
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_ “In continuing in its cranial structure the anatomical facts expressed
I paragraphs I-IX inclusive, Amia differs from all other living Gau-
Oidei, and exhibits distinet and decided affinities to such generalized
types of physostomus Teleostei as the Siluroidei, Cyprinoidei, &c. On
the other hand, in common with all other Ganoids, Amia possesses sev-
eral points of resemblance with larval and adult forms of Amphibia,
8pecially as regards the structure to which attention has been directed
I paragraphs IV, X, and XL.”

‘““Moreover, in the angulation of the mandibular areh, caused by the
forwarq growth of its metapterygoid element, we have a repetition of
40 arrangement characteristic of the adult frog, and of certain Sela-
‘Chiang, Notidanus. But notwithstandin g these evidences of widespread
affinity it is evident that if, in addition to the above-mentioned facts,
We credit Amia with the possession of cycloid scales, non-lobate fins, a
Dearly homocercal tail, and note the absence of spiracles, the Teleostean
affinities predominate ; and it may be asked whether, despite certain
Peculiarities in structure of its generative organs and bulbous arteriosus,

© gap between the ganoid Amia and the physostomus Teleostei is not
€88 than need be expressed by ordinal distinetion. It may be that just
a3 Polypterus and its near ally of the same family are the sole surviv-
ng examples of the otherwise long extinct order of Crossopterygian
Ganoids, 80 the Amiidae are the sole survivors of those widely-general-
2ed Ganoidei out of which more specialized Teleostei were directly
8volveq,»

NOW, if it were my intention to carry the comparative studies of the
Skeleton of Amia further than Dr. Sagemebl hasin Part I, I would enter
the tempting fields offered Ly the minute examinations that could be
ad~ of other American Ganoids and compare them in every particular
With our subjech Then comparisons made with the complete skeletons
of Elops and Megalops would be particularly interesting, and on some

Utare occasions these way be treated as I have endeavored to treat
Amia in this paper. But fo undertake such comparisons here would
lead e gy beyond the intention and scope of my original plau.

It dOes, however, fall within the limits of this plan to preseut here a
“Oncise review of the skull and other parts of the skeleton of a well-
Specialized Teleostean, more particularly the skull. Such a review, it
18 h"I)ed, with its illustrations and figures, will be valuable, from & com-
Parative point of view, taken in the present connection, as well as form-
0g a groundwork for future studies or the observations of others enter-
10g upon the study of the anatomy of fishes for the first time.

Of a Teleostean skull.—For my review of this part of the skeleton of
Teleost ang for references to such other parts of the osseous system as

DTOPOSB to enter upon, 1 have chosen a specimen of Micropterus sal-
Moides, Thig was done because the large-mouthed black bass is a fish
of bretty general distribution in the United States, and consequently
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-will be more easily available for those who wish to compare my state-
ments with the specimen of the fish before them.

In the adult Micropterus we find the entire skull very thoroughly
ossified, with the vast majority of the bouy elements pertaining to this
part of the Telesotean skeleton present. Viewing the cranium from
above, we have presented us for examination, on its hinder calf| five
prominent crests; two on either side and a median one. This latter
appears to be developed entirely by the supraoccipital (Plate XI, Fig.
27, 8. 0). If the free margins of the lateral crests were produced ante-
riorly they would all meet at a point just beyond the supracthmoid.
The inner pair of these crests are developed by the parietals (Fig. 21,
Pa.), and they terminate posteriorly in horizontally flattened processes
formed by the epiotics (Ep. O). Ou the outer side the crests are formed
by the squawosals, which in their turn are completéd behind by the
pterotics, which here are vertically compressed plates (Fig. 27, Sg. Pt. 0).
The crest part of the squamosal is formed of two lamina, between which
passes the squamosal mucus canal. A deep sulcus is found between
the hinder ends of the parietal and squamosal crests, at the base of
which we find a large triangular foramen, covered over in the recent
state by membrane, just beyond the squamosal, on either gide the
crescent-shaped and upper part of the postfrontal (Pt. f). The mid-
region of this aspect of the cranium, and constituting the vault of the
orbits, is formed by the broad frontals (Fr.) with a tolerably distinct
sutare still visible between them. Here an interesting condition of the
mucus canals presents itself. This consists in a large V-shaped cov-
ered canal with its convex arc just beyond the crest of the supraoccip:
ital, where it has in the median line a common opening. The limbs
of this covered V pass through each frontal, to open on the surface, it
elliptical apertures, a little behind the prefrontals. They then tunnel
again to opcn once more directly forward on either side of the supra:
ethmoid and over the surface of the nasals. From our superior agpec?
we also have a good view of the upper surface of the sculptured pre:
frontals (Fig. 27, I’rf.), forming the anterior walls of the orbits, Beyoud
this the region is occupied by the supraethmoid and upper part of the
vomer. It is pierced on either side of the promontory formed by the
supraethmoid, by the nasal foramen, and the opening for the olfactory
nerve.

" Upon a lateral view of the cranium We are to note the deep articulal
facet for the hyomandibular extending from the postfrontal along be
low the squamosal crest, and occupying the lateral portion of this boneé

Here we ses, also, that the postfrontals dip pretty well down ou (b
Jateral wall, wedging in between the alisphenoid and prodtic (Fig. 27
As. Pr. 0. and Ptf.). The opisthotics occupy their most usual site i
front of the exoccipital on either side. Beyond the alisphenoid I fin
an ossification I take to be the orbitosphenoid, it is in contact with the
alisphenoid behind, runs down the lateral wall of the cranial cavity’
while it forms a prominent ridge traversing forwards on the under 5id®
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gf thelfrontal. Above each one we observe a canal for the passage of
fllre ;Hactgry nerve from the brain-case to the nasal capsule. The exit:

1e trigeminal nerve is bridged across by a thin lamina of bone,
f*apl?arent]y afforded by the proétic. Another and smaller osseous bridge
18 found immediately to the rear of this first one. Upon this view the
Suture between the ex- and basioceipital is plainly visible, while a deep
Concavity exists in the region through which it is directed.

Th.e parasphenoid (Fig. 27, Pr. 8.), prefrontal, and vomer may also ber
Studied from a lateral view, and the basisphenoid is likewise brought.
into sight. (B. 8.) :

i_& rear view of the cranium presentsmost conspicuously among its.
go.mlts for examination the circular and conically concave facet for ar-.
0;:’ ation with the centrum of the atlas. Itis developed by the basi-
% tlﬁnta-l and son}ewhat lower in position than the horizontal plane.
e 16 parasphenoid. Above it are two elliptical facets, directed down-
01; 1;‘1139 backwards, and inwards, for -articulation with similar surfaces.
T e first Vfarterbra. Between these exoccipital facets z?nd yet “"ell
dowve them is the foramen magnum, a heart-shaped opening ‘lookmg
oL .“War'd. and backward. The suture dividing the exoccipitals is.
blainly visible in the median plane of its inferior circumference.
fog ust above the 'exoccipitzﬂ facet, on either side, we find the'vagus
ter;lllnlen for the exit (')f thaF nerve. Anterior, and at the same time in-
Sidela to these openings, is to be found a shallow facet, one on each
G tl; Thesg are for the heads of a pair of occipital ribs that articulate

ese points, and which T have elsewhere described.?”
tha he exq;cipitals meet just above the foramen magnumn, at which point.
Y receive between them the thin lamelliform erest of the supraocei-

o Shufeldt, R. W. ¢ Osteol~
ogy of the large-mouthed Black
Bass.” Science, No. 65. Cam-~
bridge, May 2, 1884, p. 532.
These ribs are of §o much in-
terest and at the same time so
much importance from a mor-
phological point of view, that
1 feel warranted in reproducing
e Y ) i, : my original figure of them in

cranium of Micropterus salmoides, showing this foot-note,illustrating whats

Lett)
OCeipital vy
Pital ribs; Oec, v, Half size of the original specimen; from AN SRR iy A

Qthoyg gy,

mojq awing published in Science (No. 65.) &. eth, snpraeth-

ﬁgul‘;svﬁ,. :1;“&\18 foramen ; and the other lettering the same a8 As already 1'111“011110011 in dei--
in ) T SIEADPEL: cncc’, T have since detected 1}10111
Tt will b::‘_m)' (0. ‘Thynnua) and suspect thei.r oct.zurrw‘]ce 1'11 gsome of the S.eomblzulm,
ing the i interesting for those now engaged in dissecting fishes, or others 'nwesng-tx.t,»
‘entrurc]l;-a fomy of the class, to be on the lookf)ut _for ’nh'eso structures. The family

genus 7, ldﬁf should receive particular attention 1n this _regm*d, and ?f these the:
’pomis stands among the first to be suspected. Their exact location and con-

St
Aoy should be noted.
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pital. The body of this latter bone makes up the major portion of the
quadrate surface, upon this aspect of the cranium, contained between the
spur-like epiotics and the facets of the exoceipitals. Beyond this sur-
face the pteroties project on either side, in about the same horizontal
plane with the superior circumference of the foramen magnum.

An iuferior view ot the cranium presents principally for our inspec-
tion the two bones, parasphenoid and vomer (Fig. 27, Pr. S. vomer not in
sight). These, as we well know, are in the adult bass, azygos bones
lying in the median plane. The parasphenoid, by the assistance of the
basgioceipital, forms a large oval-shaped surface beneath the canal for
the eye muscles; it then contracts again, at which coutraction it throws
up on either side a plate-like process that has been nearly entirely ab.
sorbed by the prodtic. The boune beyoud this shows another dilation,
but not as large as the rear one. It then contraets to forin the solid bar
that lies between and beneath the orbits (Fig. 27, Pr. 8.), which anteri.
orly vuns above the vomer and under the prefrontals,

The vomer of Mieropterus is a very prominent bone. It is carried
back well on the under surface of the parasphenoid in a pointed proc-
¢ss, the suture between the two bones being easily distingunishable,
although this part of the vomer in other respects appears like an ex-
tension of the parasphenoid. Anteriorly it forms a beak which is
rounded in front, carried well below the general surface beneath, the
il)fOi‘iOI‘ aspect of this latter part b(‘-illg semicirenlar in outline and
thickly studded with fine teeth,

Of a few of the general points to be noticed about the cranium of
Micropterus, we have the raised pedicle on the line extending from the
prefrontal to the vomer, This pedicle supports an articular facet, di-
rected downwards and forwards, for artieulation with a rounded and ele-
vated facet on the anterior end of the maxillary, The bone [ have called
supracthmoid in Tig. 27 is so termed by Parker in his Salmon’s skull,
because it overlies the cartilaginous ¢thmoid in that fish; the element
is, however, generally termed the ethmoid, or the medinm ‘ethmoid
(Gegenbaur), and 1 feel myself at liberty to apply either name to it.
The ethmoid is a very proper one. In this bass the prodtics form the
arntero-lateral walls of the eye-muscle eanal, but do not meet hHelow in
the median line, as they do in some of the Teleostei. Between them iD
the median line, and springing from the floor of the brain-case, we find
a delicate arch of bone; with its convexity directed forwards, that
comes down to meet the parasphenoid.  This arch belongs to the
basisphenoid (Fig. 27, B. §.) and is found in many of the bony fishes.

As the relatious of mauy of these bones, described above, on the
inner cranial wall, show very well in a vertical, longitudinal section of
the cranium of our common American perch (Perca americana), I figure
such a section here in preference to Micropterus, where the bound-
ing lines or sutures among the elements are not so evident or easily
studied.
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Sowe of these cranial bones may be considered to form certain groups,
of which four enter into the occipital region. These are the basioccipital,
the two exoccipitals, and the supraoccipital. In Micropterus, as in all
fishes, the basioccipital is the direct continuation of the spinal eolumn,
and possesses many of the characters pertaining to the vertebree. The
€xoccipitals inclose the aperture of the foramen magnum entirely in
this fish, only partly in many others. The supraoccipital, or the upper
Segment, supports a median crest that corresponds to the neural spine
of the vertebra. Its form varies exceedingly, as well as its size.
Another group of bones inclose the ear capsule, and have had names
bestowed upon them that denote the relative position they bear to it.
First and most constant among these is the prodtic ; it is either pierced
by or limits the foramen for the trigeminal nerve. Second in order
COome the epiotio, which overlies the superior vertical semicircular canal.
It, in the vast majority of fishes, always forms a projecting process.
Next we have the opisthotic, a segment lying in front and to the side'of
the exoccipital, but does not appear on the internal aspect, of the brain-
©ase nor bear any direct relation with the labyrinth, To these three
bones Mr. Parker added a fourth, the pterotio, which in fishes forms.the
Postero-external angle of the cranium. In most bony fishes it articu-
!ﬂtes with the outer limit of the posttemporal. I may add hLere, in pass-
'Ing, that these bones form the * periotic mass,” and are the same found
1 the petro-mastoid portion-of the temporal in man and the oth?,r
higher vertebrates. It is unnecessary to say more than I already l}ave
above about the squamosal and postfrontal. The latter is someltlmes
termed the sphenotic, and assists often the former in the formation of
fhe articular facet for the hyomandibular. This is the case in Miorop-

erus..

Beyond these, in another group, we have the alisphenoid at the sidgs
And behind and the orbitosphenoids anterior to them, while the basi-
Sphenoid is found below. This latter bone, we have already shown in
11}0 black bass, forms an osseous partition between the two sets of or-
?"ml muscles ; it may be absent in some of the Teleostei and very small
n others,

Ou the eranial vault the parietals are not always separated from each
Other by the intervention of the supraoceipital as they are in Micropterus,
Borare the frontals always separate bones, they sometimes forming only
2 single piece, as in Gadus. The segments of the ethmoidal region have

een sufficiently described above. They all, the prefrontals, ethmoid,
:]"‘1 vomer, vary greatly in size, form, and relationsbip throughout the

ass,
. To still further illustrate the relations that may exist among the bones
M erania of osseous fishes, as well as some of the remarkable forms they
Tay assume, I am indebted to Professor Gill for the loan from his private
abinet of the cranium and portion of the palato-quadrate arch of a speci-
Wen of Afyuly vulpes and an imperfect cranium of Megalops, the latter
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being the only one he hLad in his possession. 1 chose these two crania,
from which I made the drawings that illustrate this essay, becaunse we
find in the organization of both Albula and Megalops at least one feature
that they possess in common with Amia. In Albula it is the peculiar
structure of the bulbus arteriosus and in Megalops the presence of the
gular plate. Bu$ in describing the crania of these two forms I will con-
fine myself strictly to the two specimens in question, and ouly deseribe
what is to be seen in them. The sequel will prove that there is much of
interest and importance. Judging from the craniam alone, the complete
dissection of 4lbula will well repay the anatomist some day, for this part

" of its skeleton presents many points of the greatest interest and diver-
gity in development.

There is but this one species of Albula kuown to science, and its prin-
cipal habitat are the warm tropical seas, where it is abundant. With
us, however, it has been taken from Cape Cod clear around to Southern
California (Jordan and Gilbert.) This fish, we are told by the authors
just quoted, possesses ““no gular plate.”

Viewing the craninm of Albula from above, and proceeding with our
examination from before, backwards, the first object that strikes us is
the extraordinary cthimoid it possesses. (Plate X1I, Fig. 30, Eth.)

This bone is fashioned off in front 80 as to remind one very much of
the snout of a pig. From this part it extends backwards in a median
crest, deeply grooved above. This rans in between twa prolongatious
déveloped by the frontals, and can be seen opposite the letters Na® in
Fig. 29. Anteriorly the cthmoid projects over the parasphenoid, which
bone abuts against it. From the base of its median crest it sends
downwards and outwards on either side a plate-like portion, the mar-
gins of which curl up for their posterior moiety, A vaeunity of an ellip-
tical outline exists in the crest anteriorly as it reaches tlie snout-like
protuberence, and only the grooved part is carried over to meet this por-
tion of the bone. This foramen can only be seen upon alateral view as
shown in this figure.

The frontals (Plate X111, Fig. 30, Fr.) are very extensxve bones and
cover pearly the entire superior aspect of the cranium. Their union
with the ethmoid is of such a pature as at first to give one the impres-
gion that the two are but one bone, and indeed the suture between them
is not always discovered at once. Just above the prefrontals, bones
which they overshadow all to their outstauding wings, they present on
either side of ‘the extension of the ethmoidal crest the openings of
two very Jarge mucus canals. These open behind in slit-like foramina,
just beyond the letters Fr. (Fig. 30), a8 well 4s in more minute open-
ings behind and to the outer side of them. The frontals completely
overarch the orbits, lap down upon the postfrontals and squamosals,
while posteriorly in this specimen the left-lhand bone appears to overlie
the fellow of the opposite side as well as both the parietals. These
latter bones are comparatively small plates of a quadrilateral outline,
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With the supraoccipital wedged in between them from behind. The
8quamosals present quite an extensive surface on superior aspect, and
they too have running through them longitudinally, with anterior and
bosterior apertures, capacious mucus canals. These apertures can be
well seen in Fig. 30, the hinder elliptical one just below the letters Sg.,
and the anterior one opening out over the surface of the prefrontal.
(Ptf.)

A certain amount of sculpturing is seen upon the surface of the
frontals, parietals, and squamosals, in the form of a decided radiation
from a central point. This is most perfectly marked in the frontals,
Where fine radiating lines are carried clear to the peripheries of these

‘bones. A longitudinal depression is found between these latter seg-
ents in Albula, of a triangular form, being narrow and deep anteriorly,
8hallow and broad behind. The epiotic and supraoccipital we will re-
8erve for deseription until we come to deal with the posterior aspect of
the cranium of this fish. Fig. 30 shows very well indeed the extent to
:‘:ﬁch these bones may be seen from a superior view of this part of the

ull,

Theinferior view (Plate XIII, Fig. 31) of the cranium of 4 Ihule is even
More interesting than the saperior, owing to the numerous points pre-
8ented for our examination. This view shows us how far the ethmoid
‘Overhangs the parasphenoid, for the narrow, little transverse suture

etween these two bones is distinctly visible. Just beyond it, on the
former bone, we observe a globular protuberance, deeply cleft by &
transverge facet, which I take to be the articulation for the upper jaw.
Sehing this eth mo-parasphenoidal suture the vomer is seen. This bone
18 8hapeq like a little fan, the handle being directed backwards in the
m?"ian line, while the expanded portion lies in the horizontal plane
With a rounded margin anteriorly. Within this we find a double row of
Sockets in the speciinen evidently intended for a series of minute teeth.

Osterior to the vomerine region the parasphenoid presents & considera-

'le excavation mesially, while opposite this the bone develops, on either
Side, g horizontal wing-like lamina. Each wing is raised above the gen-
eral inferior surface of the parasphenoid, being between that bone a.nd
the prefrontal behind, while anteriorly it merges into it again. Outside

®y are bounded by a sharp margin, gently convex throughout.

’Phis aspect algo reveals to us again a partial view of the prefrqntals
§ 18. 31, Prf.) with their postero-alar projections. The central point of
‘Dteregt, however, centers about the paraspheroid in this region. It is

erebroad and elliptical, concave from before, backwards,and slightly so-

*om side to side. An area of teeth occupy this space, conforming to its
4De, though separated from its limiting margins all about by some
WO or three millimeters. These teeth are of various sizes, the smaller
ey being arranged all the way round, externally, while they become
Arger and larger as we approach the mid parts of the space. They are
®autifully enameled and rounded. Where the large ones, however, are
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crowded together centrally, they assume hexagonal or perhaps pentag-
onal forms. When they drop out and are lost, they leave quite a deep,
conical pit or socket behind them. Posterior to this dental area, the
parasphenoid lies horizontally, being convex from side to side, in order
to conform with the lower surface of the cranium. Behind, it is forked,
the limbs being carried backward to within a millimeter or so of the
posterior margin of the basioccipital. Between them we find a trian-
gular depression with its apex directed forward. Viewing the cranium
from this aspect, its posterior third is broad and of a quadrilateral out-
line, the figure being bounded in front by the postfrontals (Fig. 31,
Ptf.); laterally by the squamosals, and behind by the ex- and basioceip-
ital, opisthotics, and squamosals. Rising in the center of this space,
wesially, is the portion formed principally by the prodtics and basi-
oceipital, being overlapped by the parasphenoid. This contains the
eye-muscle canal, with the braincase above it, Its formn is well shown
in the figures I present of the lateral and inferior views of the cranium
of this fish. - On either side of it occurs a deep conical indentation,aboit
which the various foramina pierce the boune to enter the brain-case.
These openings, and this great, blind, conical pit are bounded exter-
nally by the facet, on either side, for the hyomandibular.

The rear view of the cranium of Abula is an exceedingly intoresting
study, presenting conditions that I have never observed in any other
fish. On the superior aspect of the cranium (Fig. 30 8. 0.) we saw how
the supraoccipital was wedged iu between the parietals. TFrom this
portion in the middle line, it throws backwards and downwards 2
stumpy, triangular crest, comnposed for its greater part of two parallel
and vertical lamin, sepatated from each other by about a millimeter.
On either side of this the bone extends horizontally for a little distance
to meet the epiotics, These last elements may also be seen upon
superior view (Fig. 30 Ep. 0.). They there articulate with the squamo-
sals and parietals, and with the supraoccipital as just described. Each
epiotic from this position, is extended backwards as a stout horizontal
and triangular process, a peculiar tubercle being developed on its
superior surface. Beneath, and anteriorly, the under surface of this
process sends down a vertical plate, lying parallel to the median plane.
These two plates inclose a general concavity on the posterior aspect of
the cranium, which is partially divided in two by a vertical crest on the
supraoecipital which again is directly continned by the crest formed
through the uniting suture of the exoccipitals. The upper part of the
base of this concavity is composed of the vertical portion of the supra
occipital, while all the lower part is composed of the broad exoccipitals,
the cranium being held and viewed with the frontals upwards and in
the horizontal plane. Now, wedged in, in this concavity, on each side
and outwards, we observe what first appears to be a separate and
pearly circular piece of bone, it heing pierced by threeforaminge. Towards
the median line it articulates with the supraoccipital and exoceipital
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while externally it meets the epiotic. Careful examination shows that
this plate belongs to the squamosal. At the base of each vertical epi-
otic plate is to be seen a stumpy process, formed by.a separate segment
of bone, which 1 take to be the opisthotic. It articulates with the epi-
otic, exoceipital, and squamosal. On the outer side of each vertical
€piotic plate there is another very deep concavity formed cutirely by
Fhe squamosal, except such inner part of its entrance which is entered
nto by the vertical epiotic plate just mentioned. It is near the opening
of this deep pit (1.25 °®) on the inner hand that we have the oppor-
tl}nity to study the manner in which the squamosal furnishes the little
¢ireular plate that appears superficially in the larger concavity, as
described above. :

i The foramen magnum is of a cordate outline, with its base below. It
18 directed,that is the plane tangent to its nargins, somewhat down-
wards as well as backwards. Its boundary below is formed by the
upper surface of the basioccipital condyle, while its lateral margins and
apex are farnished by a bone shaped like a little saddle, which strad-
dles the exoceipitals (Fig. 29, ¢.v). This bone, but loosely nnited along
Its median line atiove, articulates with these last-mentioned segments
.thronghout its entire anterior margiu, and in the specimen in my hand
1S slightly movable. At its lower and outer angles are seen a minute
bair, one on either side, of postzygapophyses. This bone fails to come
11 contact with the basioceipital, and were it removed the foramen nag-
llf‘m would then be formed entirely by the basioccipital and exocci-
bitals, though these latter would be without articular zygapophysial
_f“%ts for the first vertebra of the trunk, Dr. Gill expresses the opinion,
0 which I concur, that this double bonelet is the neural arch of the first
."Ol‘tebra of the eolumn. This being the case, it is important to compare
1t with the co-ossified vertebrse found in this situation in Amia. I would
Dot care to do this, however, until in possession of a recent specimen of
Albula as well as its young. Tho outline of the basioccipital condyle is
Pentagoual, and it is deeply and conically concave. A large elliptical
fol‘amen pierces the supraoceipital on either side beneath, at the angle of
1ts horizontal and vertical portion.  Two small foramina are also found
On either side in the exoccipitals just betore we arrive at the suture,
Where they join the aforesaid free neural arch just mentioned.

‘This completes my description of the posterior view of the cranium
of Albula, as far as 1 mean to carry it. [am well aware that these bopes
Inay be differently construed, but the moment we do so it becomes
necﬁssary to have the various segments articulate among each other in
& Manner differing from the general rule they adhere to in the vast
I0ajority of cases among teleosts. To satisfy himself of this faet the
Teader has but to call the bone I have described as a neural arch of the
firsg vertebra, the united exoccipitals, and the result will soon be evi-

€ut. We must remember, in this connection,/that tho facet for the
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atlas, supplied by the occiput in Amia, is upon a co-ossified vertebra.
(See Part 1.)

Nearly all objects.in nature are best seen, studied, and appreciated in
direct lateral view, and to this aphorism the craninm of a fish offers no
exception. This will at ouce be recognized in the case of our present
subject the ¢Lady fish,” a side view of the parts already examined, which
1 have endeavored to execute with great care, being presented in Fig.
29, along with the greater portion of the palato-quadrate arch. The
shape of the curiously formed ethmoid (Eth.) is now easily seen, and its
relations with its neighboring bones better understood; while beneath
it the vomer shows but slightly, though enough of it can be observed in
order to expose the position of the series of minute teeth spoken of above.
The prefrontal is seen to be enormously developed. 1t meets its fellow
in the median plane, each one being pierced near this region by a large
elliptical foramen. Between the anterior convex border of this Lone
and the ethmoid we find a vertical lamina of bone a.rticu]ating as shown
in Tig. 29 at Na®. This element I take to be merely a plate of semi-
ossified cartilage, though an examination of Albula in the flesh, on some
future occasion, may force me to a change of opinion. The true nasals
in the specimen must have been lost. The orbits are seen to be almost
completely separated from each other by a thoroughly ossified inter-
orbital septum, an extension forward of tlie co-ossified orbitosphenoids.
(Fig. 29 0Os.) .This septum is very materially added to by the broad,
vertical plate, afforded by the basisphenoid (ib. B. 8.)

This bone also sends upwards and outwards an osseous limb to artic-
ulate with the alisphenoid (As.). The three sphenoidal bones men-
tioned surréund the optic foramen, as shown in the figure. While the
prefrontal completely forms the anterior wall of the orbital cavity, the
frontal the vault, the parasphenoid the floor, we find, in addition to
the bones we have wentioned, that the posterior wall is largely formed
by the postfrontal and prodtic.  Altogether this cavity is a very thor-
oughly circumscribed one, 8o far as its osseous houndaries are con-
cerned.

The posterior aspect of the postfrontal (bphenotxc) asgists the squa-
mosal in forming an extraordiuarily deep pit in the region to the rear of
the upper and posterior angle of the orbit. This pit is bounded above
by the squamosal and frontal, anteriorly by the alisphenoid and post-
frontal, internally by tbe squamosal which -bone with the postfrontal
forms its floor; behind, it opens along a longitudinal concavity of the
squamosal, Immedlately below this coneavity we find the facet for ar-
ticulation with the hyomandibular, also formed by the squam%a] in
part, its anterior moiety being constituted by the posttrontal—-not an
uncommon condition among the Teleostei.

The regions occupied by the lasi- and exoceipital, the prodtic aud
other bones, are 8o well shown in the figure as not to need any special
description here.
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We are still further impressed with the marked departures from the
ordinary fishes made by Albula in its skull when we come to examine
such of the bones of the palatoquadrate arch as I have before me, for
which [ am also indebted to Professor Gill. One view of thisarch Thave
drawn in connection with the lateral view of the cranium (Fig. 29); the
otheris an inner view of the same specimen, and awarded a separate fig-
ure (Fig, 28). When this arch is snugly articulated with the craniun,
the hyomandibular (H. M.) is nearly in contact with the postfrontal and
brodtic for its entire length, or rather as much of it as is opposite these
bones; the same may be said for the remaining elements, the meta-
Pterygoidal and entopterygoidal margins meeting the opposed margin of
t_he parasplienoid. Upon an inner aspect this brings the arca of teeth
found upon the entopterygoid (Fig. 28) opposite and at right augles
with the similarly coustituted teeth upon the parasphenoid. That teeth
should oceur exclusively upon the first-mentioned segment is a remarka-
blefact of itself and worthy of special note. Particularattentionis invited
to the symplectic (Sym.) of Albula, shown in these drawings, holding as it
ﬂoes a most unique position. Indeed. this may be said of all the bones
in this arch ; the metapterygoid is thrown clear to the rear of the quadrate,
while in Amia it reaches well beyond that bone. Both the entopterygoid
and ectopterygoid are enormously developed. Wedged in between them
Posteriorly and above is a large mass of bone that appears to be devel-
oped on the part of the first mentioned element. Where they meet at
the apex anteriorly I find another irregular piece of bone, with a little
Process on its outer side. This element appears to be separately ossi-
fied, but without a complete skull I could not say positively whether it
be the palatine or not. It occupies about the proper position for that

One, and, everything considered, it would not surprise me to find it

a8suming any remarkable shape. A highly developed and prominent
8emiglobular facet is found on the upper third of the posterior margin
of the hyomandibular, for articulation with the operculum.
_ Of the eranium of Megalops.—The specimen of the cranium of this fish
18 also from the cabinet of Professor Gill, and from it I have made two
deings (Plate X1V, Figs. 33 and 34)—a direct lateral view and a pos-
terior one. The specimen is evidently not a perfect one, though it is
the best I could secure for the purpose, and my reasons for choosing it
have already been stated above. In this particular specimen the basi-
Sphenoiq jg apparently missing, its median plate having been broken
0_3, leaving the points of fracture distinctly visible. Again, either a
Single parietal plate or a pair of parietals have undoubtedly been lost,
ang when perfect individuals come to be examined 1 believe the space
®Xisting in Fig. 34 between the supraoccipital and frontals will be
DFODel‘Iy filled in by such a plate or plates. The rear view of this cra-
Dlum is unaffected by these losses, as none of the bones mentioned
Would' come in sight in this aspect.
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In Megalops the vomer is the most anterior bone of the craninm.
Viewed from above, it presents a median crest with sloping sides, and
is overlapped by a triangular process of the ethmoid. Below it is a

broad semicircular plate, with a sharp spine directed backwards, which
is mortised into the parasphenoid. Anteriorly this plate supports a
raised elliptical disk, armed over its entire surface with exceedingly
minute teeth (Fig. 34, Vo.). The ethmoid throws out on either side o
curved and flattened process, directed outwards, downwards, and back-
wards ; against the extremity of each rests an irregular prefrontal (Tig.
34, Prf. Eth.). This region is completed by the anterior extremities of
the frontal and parasphenoid as far as its bony walls are concerned,
while its remaining parts are fashioned in cartilage. The rostrum of
the parasphenoid wakes an angle of 45° with the plane of its body.
Its anterior extremity is dilated from side te side, and articulates with
the vomer, as already described. The under surface of the rostrum is
longitudinally concave, deepest near its middle third. Its upper sur-
face is composed of two sides, each directed upwards and outwards;
they meet for the entire length in the median line. The lower part,
or body, ot the parasphenoid is scooped out above to assist in the for-
mation of the eye-muscle canal ; its outer margins articulating with the
prodtics (IFig. 34, Pro.). Posteriorly the parasphenoid is sharply forked,
but i not carried backwards quite as far as the basioccipital goes.

The frontals (Fr.) are separated boues, divided by a median, and in
the specimen rather an open, suture. Behind they overlap the squa-
mosals ou either side, while in turn they are beneath the hinder margin
of the ethmoid in front. Their posterior margins are scalloped and the
superficies of the bones above strongly sculptured. Either postfrontal
develops a prominent lateral process; the extensive base supporting it
50 expands as to articulate with the squamosal and frontal above the
alisphenoid internally and the prodtic below. It also assists the squa-
mosal in forming the anterior end of the hyomandibular facet (Fig. 34,
Pif)., A median tubular foramen passes longitudinally through the
orbitosphenoid, below which it sends forward a peculiar little process
as shown in the figure. This is carried backwards as a bony division,
separating the alisphenoid, and forming the apex of the maigin of the
optic foramen. The body of the orbitosphenoid articulates with a car-
tilaginous plate anteriorly, while its sides, which are tipped upwards,
inclose a space wlhich we will devote our attentioun to further on. The
alisphenoids are large circular bones, separated from each other by the
orbitosphenoid in the median line, They bound the optic foramen lat-
erally and form the posterior wall for the orbits. There seems to be
every indication that in life they are.separated above from the frontals
by cartilage, thongh they articulate by suture with the postfrontals
and prodtics (Iig. 34, As.).

The squamosal is a very large and prominent bone in the eranfum of
this fish. Above, it forms a considerable share of the vault of the skull,
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articulating with the epiotic behind, and the frontal and sphenotic im
front, (8¢.) Laterally it forms the hyomandibular facet, and enters with.

1€ opisthotic and proétic into the formation of a deep conical indenta-
tion, immediately below the facet in question. It hasa strongly marked
and raised ridge, extending from its outer and posterior angle obliquely
to the corresponding angle of the frontal (Fig. 34).

The basiocoipital occupying its usual position, is much compress.ed
from side to side, notwithstanding its centrum behind is very large, Wlth.
Taiged periphery. Most of the antero-lateral region of the cmuium‘of

€g9alops is made up of the prostic (Pr. 0.). This bone is pierced by its
Usua] foramina, and meets its fellow of the opposite side in the floor of

® cranium. Upon the lateral view of this part of the skull, the most
etrikiug featureis a thin lamina of bone, with its plane nearly parallel with
the basioceipital, and formed not altogether unlike a diminutive hand.
his appendage seems to be developed on the part of the opisthotie, but.
of its function I can say nething until I am permitted to make a dis-
S¢ction of g fresh specimen of Megnlops. A posterior view of the era-
Muw of thig fish reveals to us its most extraordinary structure, and one
that woulq not be suspected hardly from a direct lateral aspect; indeed,
10t at all, if the vacuity were filled in, where I believe the parietals
Teally belong, :
O arrive at a good description of the condition of affairs, as I find
em here, it will be necessary for me to describe one or two of the
Ones seen on posterior view, and first among these the supraoccipital.

'owed from above, this bone presents somewhat of an extensive sur-
face, being greatly convex from side to side, while it is carried forward
M %he median line as a sharp process (Fig. 34, 8. 0.), and behind wer
8‘?3 dﬁ\'eloped a stunted, lamelliform “supraoceipital crest,” extending

ll.‘ect]y backwards,.with a small foramen on either side of it. Behind,

18 bone is represented by a vertical plate wedged in between the epi-
Otics, 5 Vacuity existing at its apex below. The epiotics are well shown
0 Fig. 33 (Ep. 0.), and the manuer in which they articulate with t‘hev
CXoceipitals and squamosals (E. 0. and 8g.). Now upon the 'antemor
aSpect the supraoceipital and the epiotic on either side, chiefly the

Ormer boue, go to form & plowshare-shaped projection, that fon!as t.he

lder ynq upper part of the vault of the cranium. Beyond 'lt lies
a Convex surface, in the specimen formed of dried membrane; th1§ con-
BFlt“teS the next section of the cranial vault. Upon the outer side of’
Slther epiotic we observe a large clliptical opening; these lead into a
“pacioug cavity that exists between the frontals, squamosals, and
Other hoyes of the roof above, and the true outer cranial vault, com-
Posed of )¢ alisphenoids, prefrontals, squamosals, and other bones

Clow. Ty cavity is irregularly wedge-shaped, its base being behind
and ity thjy edge situated anteriorly. This latter part lies between the
rbitosphenoids below and the frontals above. As we proceed back-
Wardg the interspace becomes greater, and it is here bounded by the
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frontals above and the alisphenoid and postfrontals below. In this
region, too, in the median line, we find that the alisphenoids and orbito-
sphenoids contribute to form a bony stanchion, that is directed forwards
and upwards for the support of the frontal plates which rest upon its
apex. The alisphenoids are produced clear bgckwards to form a dome-
like surface, convex outwards, that is the anterior roof of the cranial
vault. In this the alisphencids are assisted by the postfrontals on
cither side, and both of these bones can be seen through the apertures
of this cavity behind (Fig. 33, 4s. and Ptf.). The sides of the roof ot
the cranium are formed by an incurved surface on the part of each
squamosal, while a somewhat similar surface, afforded by either exoc-
cipital, completes the parietes of the brain case in the rear.

The form of the eroccipitals, the method in which they articulate
with the surrounding bones, and bow they contribute to the formation
of the foramen magnum, is all well shown in Fig. 33, where these
bones are marked E. 0. A vagus foramen pierces each one on either
side of the foramen magpum, while, owing to the fact that the exit for
the optic nerves being so large, the parasphenoid can easily be dis-
cerned through the latter opening (Fig. 33). The basioceipital forms
the lower arc of the periphery of the foramen magnum, as shown
in the figure. Its large articular facet is completely covered, through
the very interesting fact that it is 8o far anchylosed with the first ver-
tebra of the column that it is impossible to remove the latter in the speci-
men without doing it injury (see Plate XIX, Figs. 33 and 34, c. v.).
This is particularly interesting when werecall what has been said above,
in regard to the co-ossified vertebra of Amia, found in this locality, 48
well as the suspicious condition of affairs in these parts in Albula vulpes.
The suture between this vertebra in JMegalops and the exoccipital is
distinetly retained, and may be traced completely around the bone.
Upon the upper side of this co-ossified or rather co-anchylosed vertebre
are seen two circular pits, of some little depth and size. Dr. Gill states
that these are intended to lodge the extremities of the neural arch-
They are placed side by side transversely and about a millimeter apart.
Two similar pits and similarly situated occar on the under side of the
vertebra. I am unable to pronounce upon these without first examin-
ing a recent specimen of this'fish.

Tar as Megalops is removed from Amia calva, I still find in this old im-
perfect cranium from Professor Gill’s cabinet plenty of food for thought—
with its suspicious-looking basioccipital vertebra, with its appropria-
tion of at least one trunk vertebra, with its sculptured frontals and other
bones raised above the cranium proper, with its more or less circular ali-
and orbito-sphenoids, and with the knowledge that a_gular plateis found
between the rami of its mandible.

We now return to our more typical Teleostean, Micropterus salmoidess
and discuss other bones of its skull that I have as yet not touched upon
in this memoir.
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As in 80 many other bony fishes, we find in this Bass.a series of ir-
Tegularly.shaped bonelets, circumscribing the lower boundary of the
orbit. These are the suborbitals (Fig. 27, Sb. 0.). They are seven or
eight in number, the hinder one resting on the postfrontal, while the
large anterior one, which, in common with other osteologists, I have
termed the lacrymal, overlaps, when in position, the maxillary and pre-
fronta) (La.). On either side of the ethroid, and what at first appears
to be almost a continuation of this chain of bones, we observe another
slender osseous element. This is the nasal. A mucus canal perfo-
Tates ity substance for its entire length (Fig. 27, Na.). In designating
these bones as the nasals, I am aware it disagrees with what Sir Rich-
) ;‘“‘1 Owen has stated in his Anatomy of Vertebrates in the matter (Vol.

» Pages 113 and 114), and must believe with Parker that the proper.
Ifasal (na.) is a swall ossification on each mnasal yoof, external to the
Supraethmoid in its middle region ” (The Salmon, Morph. of the Sleull,
{’{‘:gﬁ 74). I must also Delieve, until some better observer corrects we,
is at the boue I have described as the ethmoid in Megalops and Albula
toab smg}e pssiﬁcation in the adult, and the nasals of these forms I take
of tf missing in the specimens in hand. Resting on the forward end

1e crapium in Micropterus we find a handsomely developed pair of
Premagillaries (Fig. 27, Pma.). Bach bone has an ascending process in

Lis region of its support, and when the two are properly articulated
Ofe»" ff)rm a graceful and nearly semicircular arch, the lower surface

which is thickly studded with very fine teeth. A rounded, lamelli-

O process is also developed on the upper side of the limb of each
pr(‘ma-xillary, about oue-third the distaunce above its pointed extremity
(P}-ate VIII, Fig. 22).

"he mazillary is a, large bone, with expanded binder extremity, on

It“’.“I)De.l‘ border of which it supports an admazillary (Figs. 27 and 22a).
l_ioii“.cpmpletely edentulous as in most other oss_eous fishes. Ante-

hig ¥ ('loes not meet its fellow of the opposite side, bu§ develops at
arti ‘ellld, mt.ernally ! cirf:ula\r and vertical disk, with & ra.lsed facet to
ext:u Lbe m.th the cranium. Another elliptical disk is found at this
Dala?mty’ directed outwards. It is for the maxilla.,r).-' process fJf the
Sho\.v“w: to pla.y on. The form of the palatine in 1‘l'[wropterus.ls well
Dala\tn in Fig. 22, Pl. This bone being firmly artxcula.-ted‘wnh 'the
tee] o-quadrate arch, and the maxillaries and prcmaxﬂluf‘les b()lflg
tel‘eg{ _movable, the mechapism of these latter bones offers an in-
is o ing study. The manner in which they may wove upon each other

Casily seen in Fig.22. This is still more engaging o subject in

08e fishes with protractile snouts, of which there are maily geuera.
Nn 1lficropterus the opercular group of bones is very well develoyped
°°C)g'c'-2:h7’. H;I.ld Plate Z-KIII, Fig. 32, Op., S. Op., Pr. 0., and I. Op.). The
n wm s a beautiful scale-like plate of bone, the largest of the four.
.~ Outline it is an irregular quadrilateral, with a reinforeced border on

antbel'iOr margin, which is so fashioned and stren gthened at its upper
H. Mis, 67——52
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and anterior angle as to form a proper enlargewent to support the
articular facet for the ayomandibular. Viewed from without, its lower
border overlaps for a couple of millimeters the suboperculum. This
latter bone is shaped as shown in Figs. 27 and 32. Anteviorly it de-
velops a pointed and upturned process, that lies between the lower
angle of the operculum and the upper angle of the interoperculum.

The interoperculum has a quadrilateral outline, with the angles rounded
off. Externally it is well overlapped by the preoperculum, and is at-
tached to the mandible by ligament, while internally the epihyal and
interhyal of the hyoid arch rest against it. In texture these three
bopes of the group are semitrausparent and exquisitely marked with
radiating and wavy concentric lines.

The preoperculum overlies all the other opercular boves, while it itself
is overlaid by the hyomandibular above and the quadrate below. It is
roughly crescentric in form, being carried to a gradually tapering point
above, and strengthened throughout its entire length by a raised ridge
of bone. On its inner aspect the lower limit of the hyomandibular, the
interhyal, and the symplectic rest against it (Fig. 32).

It has been said that the opercular bones are but modified, or rather
transformed, branchiostegal rays.

Sitnated beyond the opercula we discover another arcade of bones;
this consists, from above downwards, of the hyomandibular, symplectic,
and quadrate, the chain constituting the suspensorium. They cob-
nect, in Micropterus as in the osseous fishes generally, the cranium
with the lower jaw (Figs. 27 and 32, H. M., Sym. and Qu.). By the
intervention of the interhyal, the hyomandibular has also suspended
from its lower extremity the hyoid arch, and its apper and poste-
rior angle, as. we saw above, also articulates with the operculum.
The hyomandibular is compressed from side to side, expanded abovey
to be gradually drawn down to a blunt point below, where it is united
through a common cartilaginous bridge with the apices of the interhyal
and symplectic. This latter element is wedged in between the quad-
rate and preoperculum, with the wetapterygoid resting against its an-
terior border, it being merely a small bone that has been segmented 0
from the hyomandibular. .

The quadrate is here, as is usually the case amoug fishes, a triangala®
bone of some size, articulating with the maudible at its lower angle
(Fig. 27, Qu.). Against the upper half of its anterior border, by a very
close suture, the ectopterygoid is placed, forming a part of the 0l
nection of the next arch beyond with the suspensorium. Upon the cr¢’
nium the hyomandibular articulates with the postfrontal and squam®’
sal in a long, parrow, longitudinal facet.

The arch next beyond the suspensorium is the pterygo-palatine aroh
It is made up of the metapterygoid, the ento- and ectoptergoid and tb
palatine. This last element I have figured and sufficiently describ®
above. In a great many fishes the palatine is wmovably conngeted #
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the anterior extremity of the arch to which it belongs. The metaptery-
goid (Fig. 32, M. P1.), a flattened and irregularly shaped bone is wedged
In between the hyomandibular and quadrate, and firmly establishes
the connection of the two arches at this extremity, It overlies also a
thin scale-like process thrown out on the part of the ectopterygoid, just
Opposite the angle this bone makes above its articulation with the
Quadrate. The ectopterygoid is a bent and narrow strip of bone that
directly connects the quadrate with the palatine. It forms the outer
lnargin of the floor of the orbit, which is chiefly made up of the ento-
Pterygoid. Both the palatine and cctopterygoid support a dense area
of very fine teeth upon their lower surfaces. The'entopterygoid is a
beautiful shell-like bone which is overlapped by the palatine anteriorly
and the metapterygoid bebind. It is bent upon itself at about its lower
third towards the median plane, and thus forms the greater part of the
floor of the orbit by its upper surface, and by its lower the roof of the
Inouth, The entopterygoid is quite transparent, and for some little
distance from its outer margin marked by wavy and delicate concen-
tric lines.

Although the bones just deseribed are so intimately connected with
the quadrate, I prefer to call this arch, as I have done above, the
Pterygo-pala-tinc, considering the quadrate as the property of the sus-
Densorium. 1t is often termed, however, the palato-quadrate arch, and
L took occasion to use this term in the first part of this paper,

Of the Hyoid and Branchial Arches of Micropterus.—Qur large-mouthed
black bass offers us very little that differs from the more typical Teleos-
teans in the skeletal parts of its respiratory apparatus. From the lower
end of ¢ach hyomandibular there is, as we saw above, suspended a small
"0d of hone, the interhyal (the stylohyal of many authors). To these i8
articulated, on either side, a broad triangular piece, the epihyal (Tig.
32, B, Ly.), which in its turn counects with the larger and longer piece,

© ceratohyal. The connection between these two latter elements is
Very much strengthened by a longitudinal laghing of bony fibers on the
'ner aspects over the joint, the bones themselves being quite com-
Pressed and flattened plates of a form shown in the figure. The cerato-

Yals, the anterior pair, meet in front in a ligamentous symphysis, over
Whicki ride, side Ly side, two other separate elements, the kypohyals (H.
?‘y')- These are broadly cowvical in form, with their apices drawn out
nto blunt, processes, which are directed upwards and backwards. Rest-
g upon the hypobhyals above is an azygos boune about a centimeter
g (in a bass that would weigh three pounds), which is the glosso-
"yal (Fig. 27, @ 1y.). It is a flattened bone, shaped somewhat like

© Vertical section of an hour-glass, it being the part of the skeleton
Which supports the soft parts of the tongue. This bone has also been
Called the og linguale. It may be absent in some of the true bony fishes.

¥n the specimen I have in my hand we see on the outer aspect of the
“Plhyal, just above its lower and near its anterior border, two large and
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curved brauchiostegal rays, which in life are held in this position by lig-
ament. The hinder and larger one is possessed of quite a blade-like
extension, and the bone, like the rest of the series, is gently curved up-
wards. Two more branchiostegal rays are attached in a similar manner
to the ceratohyal, the four bones being placed at about equal distances
apart. The series of brancbiogtegal rays progressively increase in size
from before backwards, the anterior ones being the most abruptly
curved. The next two rays in order are attached to tbe lower margin
of the ceratohyal, and I am under the impression that I have dissected
specimens where a seventh ray has existed that was attached in order,
beyond these, just within this border. Aswe know, the branchiostegal
rays support a membrane of the same name, which forms sort of an
auxiliary gill-flap.

Lying in the median plane, posterior to, but attached by ligament to
the symphysis of the cerato-hyals, we find a plate of Loue, that in the
living fish separates the sternohyoid muscles. This bone is of a tri-
~angular outline, with its apex forward, a part of which bears a dilata-
tion and superior osscous loop for a greater ligamentous attachment. Its
lower margin is transversely expanded, and the plate is further streugth-
ened by the development of an osscous rod that runs longitudinally
through its center. This azygos plate is the urokyal, and is peculiar to
fishes. In life it lies between the sternohyoid muscles, and is not al-
ways present where a glossohyal exists.

Aside from this urohyal and the branchiostegal rays, the bones we
have been thus far examining constitute the hyoid arch, and this Bass
presents it in, what may be said a typical form for fishes, if anything can
be adopted as a standard in form in a class where all the structures
vary so in shape.

The relation of the various bones of the piscine skull and their fune-
tions, when wo come to compare them with the homologous clements in
the higher animals—man, for instance—has always presented tomy mind
one of the most interesting subjécts in anatomy. IIere in our specimen
we have the hyoid arch, supporting, on either side, a series of branchi-
ostegal rays. These rays constitute the skelcton of an organ of defense to
the respiratory apparatus. 1t is believed by some that the opercular
bones are modified branchiostegil rays, and these in their turn form
the lateral ossecous wall of defense to the gill chamber, also the respiratory
apparatus. The operculwm articulates with the hyomandibular of the
suspensorium, which bone i said to be the representative of the incus
of the human ear, while the lower bone, the quadrate, of the suspenso-
rium, is a segmented portion of the mallcus, another of the anditory os-
sicles in man. Now, in its turn the quadrate articulates with the man-
dible or lower jaw, a boue in one way subscrvient to the digestive appa:
ratus. . .

Lying in the angle formed by the limbs of the hyoid, we find the
branchial arches, The arrangement of these in Micropterus is so like it
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18 found in Perca, and the arches in this latter fish have become so well
k.nown both to layman and ichthyotomist, through the many reproduc-
tions made of Cuvier’s old figure, that T have not thought it necessary
to present a figure of this part of the skeleton to illustrate our subject.
In the specimen of the bass in my haud, I find but two of the copulm or
basibranchials ossified. We remewmber that three of them ossify in the
berch. Theu follow on eithoer side the five pair of segmented branchial
arches common to the vast majority of the class ; these bear the dentig-
€rous patches on their upper surfices—the gill-rakers being found
ff}rther back and on the outer pair only—while below they support the
gills proper.

My collection contains specimens, hdwever, where all three of the
baSibmnchia]s are well ossified, and teeth appear on the upper surface
of the rear one in two circular patches. The ultimate gill-raker is T-
ShaPEd, the horizontal bar Leing applied to the outer side of the arch,

The outer pair of branchial arches are each in two segments—a long,

Dosterior, and inferiorly grooved pair, and an anterior or shorter pair
that articulate with the middle of the indented sides of the mid-basi-
branchial. These latter are bent at a right angle, the long limb being
Coutinuous with the hinder segment; the short one, which is quite
broa, iy the part that meets the basibranchial. Thig description an-
SWers very well for the second branchial areh. The anterior segments
of the third arch are much broader, and lie on-either side of the ulti-
Date basibranchial, while the fourth areh has no anterior segments;
the posterior ones, or those that correspond to them in the other arches,
touch each other in the median line.
. T-he wfrapharyngeal bones are broad, thickly studded with teeth on
. “heir superior surfaces, and drawn out iuto sharp extremities behind.
S“PDorted in the usual manner through the mneans of ligaments by the
upturned portions of the arches, and lying beneath the cranjum—the
‘Wprapharyngeal bones—are also thickly beset with teeth.

OF THE MANDIBLE OF MICROPTERUS.

We saw that the lower jaw of Amia ossified on either side from quite
8 humber of centers; that it developed a large splenial and other sep-
arate elements. This is not the case, however, with the large-mouthed
lack bass. In this fish, as in many other Teleosteans, each ramus is
Composeq in the ad ult of but three distinct pieces. These are the den-
tary, the articular, and the angular (Plate III, Fig. 15, D. Art. and
"9.). Owen tells us that “in both Sudis and Lepidosteus there.is
Superadded a small bony piece, answering to the surangular of Reptiles,”
Anat, Verts, vol. i, page 123.)
The articulayr of Micropterus (Ar¢.) consists of a vertical and a horizon-
Dbrtion, the latter being attached to its posterior half, and is ex-
tendeq backwards to bear the concave lunar facet to articulate with the
Quadrate, The articular surface of this facet, although on the hori-
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zontal portion, of course, looks almost directly upwards. The upper
aspect of this plate is marked by wavy lines, five or six in depth, that
run round the bone parallel to its outer margin. Passing obliquely
through the center of the boue is a mucus canal, the posterior opening
of which is a circular foramen placed at the back of the articular pro-
cess. The aunterior openiug is flattened and is opposite a similar canal
that passes through the body of the dentary., The vertical portion of
the articular is of a triangular form, and contains, in a canal in its sub-
stance, open on the iuner aspect, running longitudinally at its base, the
Mecklian cartilage (Fig. 15 M.c.). This cartilage passes into the dentary
whieh ensheaths it nearly to the symphysis, The posterior border of
the vertical plate of the articular is re-enforeced by a thickened and
raised rim, the laminated portion being beautifully marked by white
lines running parallel to its superior margin. Radiating lines are also
carried out to this border from the angle formed by its thickened pos-
terior border and its line of union with the horizontal portion.

The inner posterior angle of the horizontal portion of, the articular is
completed by a separate piece of bone. This is the angular. It is tri-
angular in form and unites with the articular in a roughened suture.
This union is not so firm but that the piece comes away daring ordi-
nary maceration.

The two dentary pieces join each other auteriorly in the median plane
in quite a firm symphysis. Thus formed, the entire bone constitutes
the major part of the mandible, its superior border being thickly stud-
ded with rows of teeth. These rows become fewer in number, and
the teeth progressively smaller as we proceed backwards, and they
cease to appear within short distance of the posterior projections be-
bind. Each dentary element, posteriorly in the vertical plane, is deeply
notched by a triangular indeutation (Fig. 15). At the anterior apex
of this triangle enters the Mecklian cartilage. The limb below, of this
fork, lies in the horizontal plane, constituting the hinder half of an ellip-
tical plate of the dentary, similarly situated. It is through this part
that the mucus canal is ensheathed, and into it on the inferior surface
open three foramina placed a sbort distance apart., Other foramina
pierce each deutary element-on the outer aspect, half way between the
symphysis and the apex of the postero-superior proccss They are for
the passage of vessels and nerves.

Huxley, in speaking of the mode of development that takes place in
this region, tells us that ¢ two ossifications commonly appear near the
proximal end of Meckel’s cartilage, and become bones movably articu-
lated together. The proximal of these is the quadrate bone found in
most vertebrates, the malleus of mammals; the distalis the os articulare
of the lower jaw in most vertebrates, but does not seem to be repre-
sented ju mammals. The remainder of Meckel’s cartilage usually per-
sists for a longer or shorter time, but does not ossify. It becomes sur-
rounded by bone, arising from one or several centers, in the adjacent
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membrane, and the ramus of the mandible thus formed articulates with
th'? Squamosal bone in mammals, but in other vertebrata is immovably
Uinited with the os articulare. Hence the complete ramus of the mandi-
le articulates directly with the skull in mammals, but only indirectly,
Or through the intermediation of the quadrate, in other Vertebrata”
(Aqa,t, of vertebrated animals, p. 28,29). Many of the Tcleostei have
Various muco-dermal bones attached to, or connected with the skull,
Such as the chain of ¢ supertemporals ” that overarch the temporal fossa
11 Some fishes. Tho most important of these in Micropterus, a pair on
:"l‘ltller side, I propose to call the supralinear ossicles (sl), as they overlie
thz an_termr end of the lateral line. The largest and most exter:nal of
th S¢ 18 shaped like a T, the ends of the horizoutal portion resting on
¢ Squamosal on one hand, and the posttemporal on the other. The
veljtlca-l limb is directed inwards and a little forwards, having attached
;()It by ligament: the second piece, directed still a little more anteriorly.
1 the iving bass these bones are easily detected, lying just beneath
he skin i the lateral line as it arches over the temporal region.

OF THE SHOULDER GIRDLE OF AMIA CALVA.

My description of the girdle of Amia will be presented pari passu with
at of Micropterus salmoides, the Teleost we have chosen for comparison
o :11:@ skall as given above. The nomenclature of the various segments
ent 1s l)i{l‘t of the skeleton is a matter of great importance, and without
tha?rmg Into any discussion upon this point, I propose here to aQO.pt
of I“Of Professor Gill, as set forth in Lis Arraugemeut of the Faimilies
“Ishes, published by the Smithsonian Institution (November, 1872).
r. Gill very tersely gives his reasons for departing from the older au-
OT8 on this subject in the introduction of this valuable and classical
g:eper. It is not necessary for me to repeat his remarks here, as they
3 DOwW well known to ichthyotomists generally, having been in the
ds of scientists for many years.
anﬁs fihe two tables Dr. Gill presents, however, are of great 'valug,
iy Will add so much to my remarks in the present cqnnect:lon, 1t
010"? e much pleasure to introduce these here. This emmen{; ichthy-
.. B8t first treats of the girdle in Dipnoans, and says in review that
N © homologies of the clements of the shoulder girdle of the Dipnoi
~D\pear then to be as follows”:

in

I\omenolntme adopted. l Owen. ' Parker. Gtinther,
HUM . H |
°RA%:)L1% f Humerus. Hamerus, Foroarm.
Scapyy, o (or Panagrexiaw). [ i Scnpulxl\. l Humera] cartilage.
sgg;_:gtmtom (or Coracorp). | { Coracoid. (sj‘]‘[{"‘,}:ﬂo“.v“’ e Coracoid.
P°ﬂrrg: B : 1 Epiooracoid. Median cartilage.
FORAL, | Scapula. TPosttemporal, Suprascapula.

In thig table I have omitted certain foot notes and quotations con-

n .
ectad wieh it. As to ¢ The Girdle in other Fishes” Dr. Gill remarks
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that “the homologies of the elements of the girdle of Dipnoans with
those of other fishes, and the added elements in the latter will be as
follows ”:

Cuvier. Owen. Gegenbaur. Parker.
ACTINOSTS. Os du carpe. Carpal. Bxhsal stiickeder Brust-| Brachial.
oage. !
CoRracoIp R
Or PARAGLENIAL. Simple in Dipnoi and Ganoidei.
HYPERCORACOID. Radial, TUlna. Oleres Stiick (Seapu- | Scapula,
lare).
MRSOCORACOID, Troisidmeosdel’avant | Humerus Spangenstiick. Precoracoid.
bras qui porte le na-
geolro pectorale.
HYPOCORACOID, Cubita), Radius. Vorderes Stiick (Pro- | Coracoid.
K coracoid.)
PROBCAFULA. Huméral. | Coracoid. Claviculn, Clavicle.
%ﬁ-‘rﬁzﬁﬁ; com } Differentiated only {n Dipnof.
STERNUM. Differentiated in Dipnoi.
POSTTEMPORAL ELEMENTS,
|
POSTTEMPORAL. Suprascapulaire. Suprpscapula | Sapraclaviculare (a). | Posttemporal.
POSTTEROTEMPORAL, | Scapulaire, Scapula. Supraclavicalaro (b). | Supraclavicle.
TELUOTEMPORALS, Qs coracoidien. Clavicle. Accessoriaches Stiick.| Postclaviclea.
i —

Among Teleosteans, as a rule, the posttemporal, a forked bone (Plate
VIII, Figs. 23, 24 Pst, T.), has its inner limb vesting on the epiotic,
and its outer one resting -against or articulating with the pterotic. In
some fishes, as the Cats, this limb comes lower down on the side of the
cranium,

The posttemporal of Amia, although it has on side view (Fig. 24) very
much the appearance of this bone in Micropterus, this is by no means
the case on superior view. In the Ganoid the bone is much spread out
horizontally and scalptured for a narrow strip just within its external
border, like the “ cover-bones” of the skull.. Moreover, its inner limb,
in Amia, articulates with the epiotic, while its outer and lower one, 2
rounded prong, meets the opisthotic.

The posttemporal in Micropterus is placed much more in the vertical
plane; the anterior extremity of its somewhat compressed and longer
upper limb rests on the epiotic, while its lower and shorter limb abuts
against the pterotic. A process in both these fishes projects backwards
from thig fork of the posttemporal, against the inner aspect of which
the posterotemporal articulates. This latter is a scale like clement, with
rather a rounded superior head. Its posterior border is deeply notched
in Amia, and in both cases its flat surface is nearly parallel with the
median plane (Figs. 23 and 24, Psto. T). Resting on the inner surfaceé:
of the lower fifth of the posterotemporal in Amia, we see the upper teleo-
temporal and the superior part of the vertical portion of the proscapuld-
This arrangement is far different in Micropterus, where the teleotemporals
do not come in contact with the posterotemporals at all. The teleotem
poral of the Mudfish is of a quadrilateral outline, and this Ganoid i8
without any lower teleotemporal (Fig. 23 T.).
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In Micropterus there are two of these bones, an upper and a lower
Oue, attached to the other elements of the girdle by ligaments. The
Upper piece is a scale-like bone parallel to the median plane, while the
lower segment, is a straight spine resting upon the inner aspect of the
€ntire length of its anterior border (Tig. 23 T.). 'This lower teleotem-
Poral wag regarded by Carus as a displaced iliac bone. These teleoten-
DPorals of the bass rest agaiust the coracoids, and above the proscapula
(F ig. 23). This latter element in Amia presents for examination a ver-

tieal portion, which has a strong process developed, directed upwards,
at it antero-superior angle, a feature it holds in common with Microp-
terug, Now, the outer aspect of this vertical portion is sculptured in
4Amia like the opercular bones, while in the Lass it is marked like its
OWn opercular bones, with white, wavy lines and radiations.

The proscapula of Amig next sends off anteriorly from its vertical
Plate, nearly at right angles, a longer and broader portion. This part
8 pointed at its furtber end where it articulates with the fellow of the
ODposite side by ligament. Its upper surface is gently convex, and its
"}ner margin is fortified by a raised rim, directed downwards. This
rln.]’ Similarly situated, becomes a prominent feature in Micropterus
( ‘1g. 23), and the coracoids articulate at its lower edge. They occupy
Dearly the same position in Amia, but here they have become com-
b letely amalgamated and are represented only in cartilage (¥n.). Mi-
Cropterus lacks a mesocoracoid, but both the Ayper- and hypocoracoid
a.r.e thoroughly developed. The hypercoracoid is perforated about its
Widdle by an elliptical foramen (Fig. 23, Hyp. ¢.), which is met in many
Other Teleosteans. Above, this bone articulates with the proscapula,
38 described above ; anteriorly it articulates with the hypocoracoid

¥o. ¢.), lying in the same plane, while Lelow it articulates with three
Of_ the actinosts; the fourth and largest of these boues articulating
‘Ylth the hypocoracoid. This latter boue throws forwards a long, lamel-

fform 8pur that reaches far forwards on the under side of the proscap-
& It shows a rounded notch behind, just anterior of the facet for
ltil:e lowgr actinost. There are four actinosts in Micropterus, shap‘ed l'ike
: tle dice-boxes, and forming a graded series as regards their size,
'om their hinderends spring the sixteen rays that go to forw the pectoral
fin (Plate X1V, Fig. 35, Ast. Pf.). I find nine actinosts in the carpus of
Mia, composed of very elementary bone, with dilated posterior euds,
0 which are attached the twenty-two rays of the pectoral fin. We
°annot see g} of these in Fig. 24, because the view does not admit of
b but, they are correct in Fig. 35. Delicate markings encircle these
Ta¥8 for their entire len gth, commencing a short distance beyond their
ADterior gngs,

hege members, after passing backwards for about half their dis-

tance, givige in two, the forks keeping close side by side and ouc above
€ other. This phenomenon is repeated once more before arriving at
© Posterior margin of the fin, A similar splitting of the fin rays
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obtains also in the Mudfish. Here, too, the rays, if maceration is car-
ried to excess, cleave in twain longitudinally, but as this can be studied
1o better advantage in the caudal rays of this Ganoid, I defer saying
anything more about it until that part eomes to be described.

In Micropterus the apex of the united pelvic bones are inserted pos-
teriorly into the angle formed by the articulation of the proscapulze.
The pelvie boues are situated, as we shall see further on, far back in
Amia, and differ very much in their general character.

Upon the outer side of each proscapula in Amia are found a pair of
very curious-appearing scales, composed apparently of a toughened
membrane, marked in an irregular manner by lines of semi-osseous
material, that require the aid of a lens to properly study. These pecu-
liar affairs are attuched loosely to the sides of the proscapule, but up
to the present writing I amn not aware that any physiologist has ad-
vanced a theory as to the original function of these appendages. They
have no evident use now. In referring to these iuteresting structures,
Dr. Wilder says that® “upon each side of the copula, or isthmus, which
counects the shoulder-girdle of Amia® with the hyoid arch, there are
two appendages which are rarely mentioned Ly authors, and whose
nature appears to be undetermined.” %

“Historical sketch.—According to Duméril " these appendages are what
Linnzeus referred to in the following phrase, to which zoologists who
have spoken of Amia do not appear to have attached a delinite sig-
nificance: Gula ossiculis, scutiformibus, e centro striatus. Valencieunes
supposed that he was impressed by the appearance of the branchioste-
gal rays, which form on each side a sort of striated plate; but in the
phrase cited reference is evidently made to the two small dentated
pieces of which I am speaking, and which is easy to see. I have also
found them mentioned by Stannius.” With further quotation from
Duméril, the doctor says, “The appendages are not mentioned in
anque’s description of Amia, nor in the mouographs or systematic

¢ Wilder, Burt G., on the Serrated Appendages of tho Thro'),t of Amm, Proe. Amer
Assp. of 8cience, 1876, page 259.

8 Amia is o tish found living in the Mississippi River and 1ts tributaries, and in the
great lakes. It attains a-length of twe feet, and is called by fishermen *‘ mudfish,”
“ dogtish,” and “lake-lawyer.” Under the tip of the lower jaw is a movable plate,
which does not exist in any other fresh-water fish of Awmerica. The adult male has &
circular dark spot at the base of the tail (Jordan, 23,306). Amia is now usually re-
garded as a gauoid, and its brain closely resembles that of Lepidosteus (the gar-
pike); but it geems to be, as remarked by Gill (10), the ‘“ most teleosteoid ” of that
group. [This foot-note is from Dr. Wilder’s article, ]

% I regrot tosay that it proved to be impracticable to reproduce Dr. Wilder's igures
in his very instructive plate.

81 have omitted, in this long but important quotation from Wilder’s paper, the
figures which this author gives that refer to the bibliographical table at the end ©
his article. Those who wish to refer to the authorities queted will have to turn %0
the Proceedings coutaining this list. So short is Dr. Wilder’s paper, aud yet bis ob”
servations are so valuable in the present connection,that I have incorporated the®
quite extensively, & fact that the reader no doubt will appreciate.
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W(.).I ks of Agassiz, Cuvier, Cope, DeKay, Gill, Giinther, Huxley, Jordan,
Uller, Owen, Rolleston, or Vogt.”
ith regard to their location and general appearance, this author
€8 that “in the adult Amia there are two appendages on each §ide.
°Y are usnally coucealed from view by the opercalum ; but the Flp ct
t.h € hinder ong sometimes projects beyond the operculum at a point a
littl above tho base of the pectoral fin. The anterior appendage is
50ut 9 centimeters long, and its anterior extremity is a little more than
hz.llf its length from the union of the isthmus with the hyoid arch. Its
uder ¢ng jg nearly.opposite the medium tip of the shoulder-girdle. It
8 Wholly Superficial, and its hinder border projects but slightly beyond
At ttachment, The posterior appendage is about twice the lcngtl} of
N terior, and cousists of three portions: a short triangular root‘]u§t
®heath the skin; a short but broad base, the decp surface of which is.
“Otinuoyg with the skin; along free portion, which gradually tapers
Ackwarq to the tip, which is less than 1mm wide. The root lies to the
lesia) 8ide of the posterior extremity of the anterior appendage, but
ere is a distance of pearly 20m between them. The posterior append-
age Inclineg dorsad, and rests quite closely against the adjacent surface
the shoulder-girdle,

Neither has any direct connection with bone. The attached sur-
Aces regt, upon the muscles which constitute the isthmus, but do not
APDear to be atached to them. While observing living Amias with ref-
Crence tq their respiratory function I never saw any movement of ther%c
appenqages. The thickness of tho posterior one is about 3™™. It is
gl-liltg flexible during life and while moist, but becomes more rigid when

ed,

8tat

T “The free surfaces of both appendages are corrugated in the adult.
th ¢ Beneral direction of the ridges and furrows is across the length of
€ surfyceg obliquely forward from the dorsal toward the ventrfml bor-
lar he ridges are more or less wavy in outline, and present irregu-
Arities of direction and arrangement, especially toward the tip and
Ventrg) border of the posterior appendage. But the distance between
22T two ridges is quite uniform; the number of ridges being about 18
¢ centimeter upon the anterior appendage, and about 12 upon the
I’Osterior_ The transverse ridges do not always reach the ventral bor-
tl?ir "Pon the anterior two-thirds of the posterior appendage; the ventral
or ™ of the surfaces is in some cases nearly free, but may present one
0076 riqgeg running nearly parallel with the border, or more then,
esp%iany on the inner surface, there may be a series of short ridges
:?f‘ding dorsad and forward from the lower border to meet the dorsal
"1e8 at open angles. ' .
th“ e anteriorgslopes of the ridges form an angle of abgut 45° with
N Surface; but the posterior slopes are nearly perpen.dlcular. The
et are projected backward as numerous fine teeth which are barely

Visible to the naked eye.”
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This author then proceeds to give an interesting account of the de-
velopment of these appendages, and in the matter of structure say®
they ¢ consist mainly of fibers running longitudinally, I have not yeb
examined them under the microscope.” The doctor is under the iw-
pression he has detected homologous structures in Lepidosteus, but a8
to their function he remarks that I am not aware that any use ha$
been assigned to these appendages, and I have no suggestion to offer
The anterior is evidently passive. The posterior, even if voluntarily
movable by the fish, is too flexible for offense, avd is, moreover, covered
by the operculum,” and with regard to morphological significance ¢ un-
less some function can be assigned to these appendages the conclusion
that must naturally suggests itself is that they are remnants of organs
which had greater size and performed some funection in more or less
remote ancestors of Amia. The position and general appearance of the
posterior pair are not wholly contradictory of the idea that they may
have been accessory branchi®e; but this could hardly be surmised ve
specting the anferior pair, or the supposed homologous parts of Lepidos:
tews. The appendages should be examined in fossil Amia and Lepidos:
teus, and in other extinct Ganoids; likewise should careful search for
them be made in all living Ganoids, and in the Teleostean genera Elops
and Megalops, which possess some points of resemblance to 4dmia.”

The opportunity has never been offered me to examine either of thesé
latter forms with the view of searching for these structures, and at the
present writing I am aware of no one who has thrown any further
light upon this subject since Dr. Wilder made the above observations

OF THE PELVIC BONES AND VENTRAL FINS OF AMIA,

In speaking in a general way of these structures, Professor HuxleY
remarks, that “In all Elasmobranchs and Gapoids, and in a larg®
proportion of the Teleosteans, the pelvic fins are situated far back o
the under side of the body, and are said to be ¢ ventral” in position i
but, in other Teleosteans, the ventral fins may work forward, so as to
be placed iminediately behind, or even in front of the pectoral fins. Iv
the former case they are said to be “thoracic,” in the latter “jugu]zu':”
(Anat. Vert. Animals, p. 39.) These pelvic bones in our subject 2re
quite well ossified, and hold a typical “ ventral” position. (Plate X.,Fig’
26.) They are in two distinct pieces, each piece being shaped like #
paddle, with the blade directed forwards. In life they lie side by side
just beneath the skin, with the expanded blades in the horizonta) plané
Their anterior extremities are eut square across, while posteriorly they
are enlarged so these aspects present an elliptical face in each cas®
In a specimen of Amia with a vertebral column 30 centimeters long:
find the pelvic bones each to measure 24 centimeters in length. So far
as this description goes it agrees very well with these parts, as they 31°
figured and described by Franque, but I find other structures here tha
apparently are not referred to, in either way, by this anatomist. No¥y
we discover behind each pelvic bone in Amia and articulating with the
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l.)o‘%teri()l‘ elliptical facet described above, another bone qf a conical
iorm, and about one-half a centimeter long. This clement seems to
take the pPlace of the combined actinosts of the pectoral limb. Again,
he rays of the ventral fins are arranged in a peenliar manner; these,
Which geem to number from seven to eight in an adult specimen, are
Split ag they are in the pectoral rays. The ends thus divided are held
Yell apart iy order to allow the separate conical piece of bone to be in-
Serted between them. As in the -pectorals, too, these ventral fins are

ranched ” as they approach their posterior terminations. 1n form
€ach fiy, jg quite acute and the outer ray is the longest.

Among the Teleosts the pelvic bones not only vary in positioi, b}xc, as
‘W€ might readily imagine, vary almost infinitely in regard to their rel-
ative size and shape. Indeed, it would be a difficult thing to convey
auy adequate conception in such an essay as this, of these varipus forms.

RY are as numerous, neatly, as the species themselves. These boues
3T never attached to the vertebral column as we find them in verte.

Tates above fishes. (Owen.)

I AMicropterus salmoides they are represented by two separate an‘d
SYmumetricy] bones, that artieulate with cach other mesially, by their
Innep edges, When thus uuited they forin an elongated isosceles tri-
angle, with its apex held by ligament in the entering angle behind the
Proseapulm, The outer borders develop a raised rim, and the plzm‘ncs
Of the surfaces contributed by the two bones superiorly, on either side, -
%0k upwards and outwards, the reverse being the case, of course, b'e-
Ile'a th, The postero-external angles, as well as the hinder border, is
th]ckene(’( and undulating for the articulations of the heads of the ven-
,tral fin rays, There is, also, a characteristic process developed 1nesi-
Ay on thig border, into which eacl pelvic bone takes au equal share.

Ove, it; ig bifid, being directed upwards and DLackwards, and' com-
Dresseq anteroposteriorly ; below, it is peg-shaped and directed in the

e degree forwards and downwards.

fail to find any bony nodules, representing the actinosts, between .
th? ventral fin rays and the pelvic bones in this fish; and the m)',s
emselves seem to be constructed upon the same plan as the pectoral
?Hes, being retained in their positions by firm ligaments zm_d the slgu.

¢ outer one, hgwever, on either side, differs materially in tqrux, bgmg
SD%"‘Sh*‘«Ded, with the concavity against the next ray on its juner side.

algg de\”elops an inturned process, which curves over the next two or

re? Tays. This double arrangement seems designed to strengthen
"¢ lnner rays, and assist to keep them in their position.

OF Thg VERTEBRAL COLUMN, AND SKELET(N OF TIE REMAINING
PARTS.
Ties. 14, 25, and 26,

thAmong the geuneral characters of this part of the skeleton we know
A “the vertebral column of fishes can only be divided into two ve-
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gions, the body and the tail. They are distinguished from each other
by the characters of the inferior processes of the vertebra, while the
upper arches are connected with the vertebrse in the same mannerl
throughout; and are generally distinguished by the possession of
median (spinous) processes. In the region of the' trunk, the lower
arches are divided into ribs, and supporting transverse processes (par
apophyses). Iu the tail of the Selachii and Ganoidei they are continw-
ously connected with the eentrum, and run out into spinous processes:
Jjust like the upper arches.” (GEGENBAUR, Elem. Comp. Anat., p 430.)
Again, among fishes, generally the vertebr:e of the tail develop infer
rior arches through which the caudal vessels pass. The segmeuts of
the column beyond these support ribs which arch over the viscera, bu?
never meet with any sternum mesially, on the ventral parietes. The
fins have a skeleton of osseous rays which are supported upon the in-
terhemal spines.

So well known are they that it is not iy intention in the present
connection to enter upon the study of the scales of Amia. It is suf-
ficient to say that they are of the cycloid type of structure and cousti
tute the exoskeleton of this fisl, being arranged much as we find the®
in the typical Tecleosteans.

Anatomists have long understood the morphology of the skeletal
parts of the tails of fishes. Professor Huxley tersely presents the cob”
ditions for us in these words, when he says that ¢“JIuv all Teleosteﬂu
fishes the extremity of the spinal column bends up, and a tar greatef
number of the caudal fin-rays lie below than above it. These fishes
are, therefore, strictly speaking, heterocercal. Nevertheless, in the
great majority of them (as has been already mentioned, page 19), the tal
geems, upon a superficial view, to be symmetrical, the spinal coluw®
appearing to terminate in the center of a wedge-shaped hypural boné
to the free edges of which the caudal fin-rays are attached, so as ¥
form an upper and a lower lobe, which are equal, or subequal Thié
characteristically Teleostean structure of the tail-fin has been terme
homocercal—a name which may be’ retained, though it originated in 8
. misconception of the relation of this bbructure to the heterocercal co¥
dition.” J

“In no Teleostean fish is the bent-up termination of the notochor
replaced by vertebre. Sometimes, as in the salmon, it becomes o’
sheathed in cartilage, and porsists throughout life. But, more usually,
its sheath becomes calcified, and the urostyle thus formed coalesces wi
the dorsal edge of the upper part of the wedge-shaped hypural bou®s
formed by the anchylosis of a serics of ossicles, which are develope
connection with the ventral face of the sheath of the notochord.” ( And!
of Vert. Animals, page 131.)

There are ninety vertebrs in the spinal column of Amia calva ;
are of the amphiccelous type, and devoid of zygapophysial process
(Fig.14). Thoe centra of these vertebra are thoroughly ossified, but the!

thev
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Deural and hemal arches remain free throughout life, articulating with
bem Upou certain facets that are overlaid by their cartilage.
fail to find a pair of ribs attached to the fivst free vertebra or
Wwhat noy corresponds to the ¢ atlas.” Its veural arch has an inde-
Dendent, spine, articulating with it, and directed backwards. A simi-
ar 8pine, only longer, is found in a like position on the neural arch of
®5econd and third vertebree. Threo or four others follow in sequence
ehing these, but they have no apparent connection with the neural
3rch of the vertebra. The second vertebra supports a delicate pair of
Tbs, which articulate directly with the sides of its centrum. In the third
S€8uent a small pair of parapophyses have made their appearance, and
 the ribg of this vertebra articulate with their outer extremities. Theso
Parapophyses are characteristic of the vertebrm to the thirty-seventh
Inelugjve, They are always directed downwards and outwards; are
Ongest in mid series, but as they proceed backwards are situated lower
OWn on the centrum of the vertebra. The ribs are long and slender
38d become more 8o as we proceed towards the tail ; in every case they
Articulate with the extremity of the parapophyses. ‘
. he extremity of the neural spine of the sixth vertebra in Amia is
lf“ref)«f‘:'ed, and this feature is present for about two-thirds the way
d?Wn the column; these spines being directed upward and backiward,
Vith the ones over the middle of the abdominal cavity more decidedly
ack‘fvards, though the rear spines are the most deeply bifurcated.
Wenty of the ultimate ones are simple in their structure. Not very
ell markeq parapophyses are found upon the thirty-eighth vertebra,
30d this segment is without a pair of ribs. The neural arches inclose
Quite capacious neural eanal, and their bases articulate between each
e“Ilsecutive pair of vertebrwm, these latter having a form to accommo-
date themselves to this unique condition (Fig. 26). No neural arch
'8 found upon the forty-fftli vertebra, and from that onwards they only
¢ear upon the alternate segments. In the thirty-ninth vertebra, what
Would at fipys, appear to be the parapophyses in the anterior part of the
eohunn, are here much larger, freely articulated, and inclose a canal by
€ Union of their extremities beneath, in the medinm plane, These
also 8kip the same vertebra as the neural aiches do above them on the
Q"lumn; fourteen of them also support a free spine from their mid points
olow. * After this they are united and pass round the bent-up verte.
bra) column, becoming broader and gradually shorter, where they sup-
Port the candal fin rays (Pig. 26). The last six or seveu of these
@l 8pines appear to be anchylosed with the vertebrs. .
count in my specimen before me, fifty-three bony rays in the long
d_‘)rﬂaal fin; these branch above, and the ultimate ones branch a second
We.  Thege rays are supported by au equal number of interspinous
Oneg, through the intervention of little ossicles that pass obliquely
"o ona tg the other (Fig. 25). Al this part has been quite correctly
8ured by Franque, but this author overlooked a series of delicate little
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bones that continue the interspinous bones of the dorsal fin as far as
the caudal fin. These are five in number and are seen at jf in ¥ig.
25. The rays of the dorsal and anal fin split longitudinally, as I de-
scribed them for the pectoral and ventral fing. The anal fin possesses
twelve rays in its mewmbrane, and likewise twelve interspinous bones
support it, of which the majority in the mid-series have intermediate
ossicles as in the dorsal fin. These little bones are each shaped like a
dice-box, and not as IPranqgue has represented them in his drawing.

My representation of the skeleton of the tail of Amia I have taken
80 much pains with to secure its accuracy that I believe any verbal
description of the parts hardly necessary. (Tig. 25.) More time than
usual was devoted to this figure, becaude the illustratious of this parb
of dmie’s anatomy that it bas been my pleasure to examine are far
from being correct; they are carelessly drawn or simply diagrammatic
in character (Kolliker’s).

There are twenty-five rays in the caudal fin of this Ganoid. Of these,
the two saperior ones are very delicately fashioned, the next two are
long and slender, while the stoutest ones are found in the middle, from
which series they gradually become smaller again as we proceed down-
wards. In the prepared specimen all of these rays are found to D
split longitudinally in the vertical plane, and those chosen from ncafr
the middle of the wember are found to be branched to the third or
fourth division. They are also marked at irregular intervals by raised
and transverse divisions. The splitting spoken of allows these rays to
seize by their anterior ends the hypural bones coming from the verte-
bral column, which they do in the manner shown in the figure, In this,
the best living example of a masked heterocercal tail, the notochords
being insheathed only in cartilage, has, of course, disappeared in the
figure, It is in Polypterus that we fiud nearly the type of what bas
been termed the ¢ diphyeercal” tail, in which the notochord is scarcely
bent up at all.  Ouar example of Micropterus shows in a marked degre®
the remainivg style of the skeletal parts of the tail in osseous fishes:
This is well known to us uuder the term of the komocercal type, and it
this fish shows a very completely ossitied urostyle, directed upwards
and backwards at an angle of about 45 with a markedly straight ver:
tebral column, The hypural plates are also very broad and perfect it
this bass, and the fin rays, very similar in construction with tliose de-
scribed for Amia, are attached to them in the same manver. Ag in 80
many osscous fishes, Micropterus has on either side, close to and be
tween the colummn on the third hypural plate, a sharp, upturned pro
cess.  This 1 believe is intended to afford additional surface and levers
age for the ovigin of the muscle that controls the movements of the

tail.

In &pe‘l]\lllg, of this part of Amid's anatom) Wilder sm)s 6 that “the

69 Wll(lor, Bmf G., On the t'ul of Amza Proc Amer Assouatwn for the A
Science, 1876, pages 2654266,

dv °f
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il of 4smgg has been figured and described by Franque, Kolliker, and
llxle,y_v 69
Kéllikerr paper is known to me only through the quotatious by
Umérj], Franque represents only the osseous portions of the skeleu.)n.
Uxley gives both form and structure, but not, as it seems to me, quite
ac"lll‘altely. Neither of these authors mentions the young Amia, or inti-
4% that the form or structure of the tail may vary with age. In
Seussing the external form this author further remarks th:w. i Du}mml
© “3Y8 that the tail of Amia, as to its external appearance, differs in no
¥4y from that of the ordinary osseous fishes. Its heterocercy, however
decideq, i ey manifested only by the skeleton.” Huxley does not
Allade tg tpg form, but his figure does not very distinetly indicate any
d‘@erenee between the tail of Amia and that, for instance, of some Silu-
roigs, Where the whole is rounded, and the greatest length is midway
“een the dorsal and ventral borders.” )
ud, continuing, in the same article he sums up the results of his val-
V1o observations, and says: “I have examined many examples of
™ia, young and adult, and all manifested the following features :
of"‘L The greatest length of the tail is considerably above the widdle
1ts Deight.
‘2. Thi change from the nearly horizontal dorsal and ventral borders
t. the curveq posterior border occurs farther forward upon the ventral
s‘lde' These features render the ventral slope both longer and niore
8radyg) than the dorsal. o
“3. When the tail is fully expanded, as while the fish is swimmning,
the doygq) and ventral slopes meet, 5o as to form a gentle curve, and
% an obtyge point, as in Huxley’s figure. This is well shown in (Fig. 3
Szpresent.iug) the tail of a young example in the coudition assumed at
ath, ’ )
“The tail of Lepidosteus presents the same general features, with some
2Pecific variation, Hence, with both these ganoid genera the external
T of thq tail is decidedly, though not very obviously, unequal.”
¥ interest wag first awakened in the structure of Amia more tlm,n
Years ago, at which time I was permitted to attend Dr. Wilder’s
tures o Cornell University, where dissections upon 4mza calva al-
. %8 held a prominent place. In those days, however, if I remeruber
Orx-ectly’ Dr. Wilder had made but few, if any, dissections of t'he
B:tl{ng‘ of Amia, 8o it affords me additional p_leasure and a Pecul;?l‘
r 'Sfaction to further quote from his paper in the Proceedings his
harkg upon the structure of this part of the mudfish’s anatomy, .
8qulemented, as it now has been, by studies in that direction. Of it
%398 that «the terminal caudal vertebra form an upward curve,

m . : . s
Wi ! llave, for obvious reasons, referred to elsewhere in this article, omitted Dr.
in tder’s Dumber references to his bibliographical table at the end of the above paper
Toceedings; as well as the references in his text to the figures of bis in-
© plate,

H. Mis, 67—53

1]
'truoﬁv
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as shown by Franque. Huxley’s figure and description show that the
notochord, enveloped by cartilage, extends upward toward the dorsal
border of the tail. In all the adults examined by me the termination of
this compound rod is considerably nearer the dorsal border thaun is in-
. dicated by Huxley’s figurs, and presents a rather broad and but slightly
rounded tip, with a central depression corresponding to the neural or
spinal canal. Here ends the distinct cartilage. Posterior to it, and be-
tween the two laming of the twenty-first or twenty-second fin-ray (count-
ing from below), is a tract of gelatinous matter, which Xolliker, as quoted
by Duméril, seems to have regarded as the prolongation of the noto-
chord. I have been unable to detect any difference between this and
the tracts of gelatinous matter between the lamin® of the other caudal
fin-rays. ‘ ,

« But that it may fairly be regarded as the prolongation of the noto-
chord, degenerated, and not enveloped by a cartilaginous sheath, is
rendered at least probable by the following considerations:

«1, The condition of things in the adult Lepidosteus, as described and
figured by Kolliker and myself; the notochord with its cartilaginous
sheath forming a slender tapering rod,extending between the halves of
fin-rays to the junction of the middle and hinder thirds of the tail.

« 2. The existence of an undulation of the dorsal border of the tail of
Amia corresponding with the termination of the supposed notochord.

«3, The greater distinctness of this undulation in young individnals.”

This interesting paper concludes with remarks upon * transforma-
tion” and “ variations in the shape of the tail.”

Counting the one from which the urostyle springs, Micropterus reck-
ons thirty-two vertebrs in its spinal column, fifteen of which are ab-
dominal, These latter all support each a pair of ribs, which in their
turn, all save the last four pair, have epipleural appendages. The atlan-
tal pair articulate with the vertebra at the very base of the neural arch,
but as we proceed backwards they gradually recede from this posi-
tion so as to finally spring from beneath the transverse processes oD
the under side of the vertebra. This condition is characteristic of 8
great many of the osscous fishes. The neural and hemal arches of this
form are completely anchylosed with the vertebral elements, and in the
best developed segments, both superior and inferior, post- and prezygs-
pophyses are present.

The arrangement of the osseous fin-rays and interspinous bones in
Micropterus differs somewhat, to be sure, from the arrangement of theseé
parts in Amia, but not at all from what we have known to exist so long
in Teleostean fishes, as in Perca for example.

Thus we see it is, that although the Ganoid Amia calva has in it8
skeleton many of the characters in common with the highly specialized
forms as the Teleosteans, it is, on the other hand, still stamped with
characters, more particnlarly in its vertebral column, of a veritabl®

_paleoichthyic type.
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