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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.
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‘“ 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,






