XIX.—THE_OSTEOLOGY OF AMIA CALVA: INCLUDING CER-
%é[IAN SPECIAL REFERENCES TO THE SKELETON OF TELEOS-
GANS.

By R. W. S”HurELDT, M. D.,
Captain Medical Corps, U. 8. Army.

The present paper will be divided into two parts ; of these, Part I will
consist of a translation of the admirable article of Dr. M. Sagemehl,
entitled ¢« Beitriige zur vergleichenden Anatomie der Fische,” the first con-
tributijon given us being “I. Das Cranium von Amia calva, 1.7 'This
tarefully written essay appeared in the second part of the ninth volume
of the Morphologisches Jakrbuch, for the year 1883. It is illustrated
With one double-page, beautifully executed plate. The twelve fizures
In this plate I bave had, through the kindness of Professor Baird, care-
Tully copied by Mr. H. L. Todd, the artist of the FFish Commission and
Smithsonian Tnstitution. They appear in their proper places in the
i)llabCS illnstrating this article with their explanations set opposite to

tem,

In Part I1 it is my intention to review the conclusions arrived at by
Tidge, after his study of the skeleton of this interesting form. This
Anatomist, published his well known memoir in the Journal of Anatomy
and Physiology (Vol. XI, 1877, pp. 605-622, Plate XXIII), six years
¢fore Dr, Sagemehls results appeared in the Jahrbuch. In this part,
too, I il bestow a passing glance upon the monograph of Henricus
Fm“‘lde,‘ and compare  his figures with those given by the above
ftut-hors. Beyond this, however, it is not my intention to pass further
‘mt(’ the literature of the subject, as the short and uusatisfactory
‘IL:U()unts given Ly the older writers would avail us nothing here.
"ally, T propose to present a few observations of my own, which have
°en the result of an examination of a skeleton of Amia, carefully
}))tl_'el_’ared from a specimen of this fish which I captured iu the Yicinity

New Orleans, La., during the summer of 1883. This preparation was
a:::: f0}‘ me in the most skillful manner by Mr. J. L. Wm:tmun, the
Wiil {))mlst of the Ariny Medical Museuin, of Washington, A few ﬁgurtes

© Presented in this part, illustrating points that do not appear in

Dr. Sagemehl’s article.

YAmie Calve dnatomiam, Berolini, 1847.
1 7



748  REPORT OF COMMISSIONER OF FISH AND FISHNRIES. [2]

PART I.

Ever since 1845—when Carl Vogt? demonstrated that Amie calva, L
differed in the structure of its heart from all known bony fishes, being
like the cartilaginous fishes in this respect; and since Johannes Miiller,
noting this circumstauce, separated this remarkable fish from the
Clupeoids, with which it had formerly been classed, adding it to his and
L. Agassiz’s established sub-class of Ganoids—the uwttention of anat-
omists has been steadily directed towards this form.

A number of works touching upon nem‘ly all parts of the anatomy of
Amia have made their appearance, 8o its structure is at present better
known than that of most bony fishes. It is quite remarkable that the
cranial anatomy of this Ganoid has not received proper attention, as it
is by no means a rare fish in collections. The memoir by Bridge,* pub-
lished in 1877, is in my opinion the only one in which the subject has
been at all fully described.

Upon the suggestion of Privy Counselor Professor Gegenbaur, |
undertook the task of re-examining the erania of the Teleosted, especially
in the Physostomi and the Anacanthini, and in looking for a form in
which the various differences in the structure of the skull could best ho
Jjudged, my attention was drawn to Amia. In fact, a careful study of
the cranium of this fish showed that several diverging scries of skull-
types could easily be traced from it. On the other hand, the task of
tracing the conditions of the cranium of the Teleostei from more simply
constructed types—such as the Selachians offer—I found the Amia to be
an excellent transitory form for the purpose. The careful descriptive
work of Bridge, with whom 1 concur in the majority of points, so far
as the actual conditions are concerned, does not suffice for this speeial
purpose. Certain points of organization, which at the first glance ap-
pear to be incorrect, and the significance of which only become appar
ent after comparisons with other forms, he has left entirely nnnoticed-
Furthermore, in his descriptions he has kept strictly within the limits
of his title, perhaps for lack of material, describing only the bones of
the skull and entirely neglecting the surrounding soft parts, in which
I recognize the necossary elements to complete the configuration of the
skull. Kinally, in my opinion, Bridge has not been fortunate in his
descriptions of several of the bones of the skull in Amia.

Taking all this into consideration, I decided to present a comparative
description of the skull of Amia. At the same time I believe T will be

2 Annales des Sciences Naturclles, T. 1V, 1845, (I bave changed the numbeving of D
SagemehVs foot-notes 8o as to accommodate them to the present articlo.—TRANS.)

3 Ubar den Baw wnd dic Grenzen der Ganoiden.  Abh. d. k. Alad. d. Wissenschaften
Berlin vom Jahre 1844,  Derlin, 1846, Nachschrift, pag, 24,

1The Cranial ‘Osteology of Amia calva. Journ. of Apatowmy and Physiolagy, volk
X1, 1877, puges G05-622. :
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able to discuss several questions of a mwore general nature, which aie of
prime importance when taken in connection with my work upon the
crania of the Teleostei, soon to be undertaken. It only remains for me
to justify mysel for having confined myself in this work, as I will in
those of the future, strictly to the cranium, and for having but touched
lightly upon those parts of the visceral skeleton connected with it; and
that, too, only so much of it as was nccessary to complete the form of
the skull. Such partiality would hardly be justifiable were one consid-
ering the forms the cranimun assumes in the higher vertebratts.

This is entirely different in the class Pisces.  The visceral skeleton
here bas, in so far as the cranium is concerned, preserved a certain
intlependence, and in consequence its form has been much less in-
fluenced, less so than other organic systews, as for example the nervous
8ystem, the muscular systew, and particularly the organs of sense.

There is yet another objection that might be brought forward, and
f‘:hub is, that 1 have paid but Jittle attention to the literature of the sub-
Ject, particularly the older literature. In my allusion to facts long
known—and, as I assume, of facts well known—it scemed to me entirely
Superfluous to coutinually cite authorities. Such a course would have
rendered my subject-matter diffuse and unwieldy, without adding any-
thing useful. The literature relating to it, coutained in tho more recont
and less knpwn works, and which refers to the discussion of purely
8pecial points, I have in every instance conscientiously cited.

Through the unbounded liberality of Privy Counselor Mr. Gegenbaur,
t whom 1 here express my profound thanlks, I have been cnabled to
€xamine five specimens of Amia, the smallest of which was 36ev, the
largest 57¢u long, .

‘In viewing an unprepared head of Amia calve one can already dis-
t“{&'uish the superficial plates of bone that overlie,the eranium, they
eing merely covered by an extremely thin cutis.®

The sculpturin g of the superficies of these bony plates is quite char-
Acteristic, consisting of sharply-defined and numerous ridges, which
Start from the eenter of each bone, to radiate outwards to tho peri-
bheries.  After the thin skin covering them has been carefully removed
ODe recognizes the limits of the several bones with requisite distinet-
Bess.  Three pairs of bony tables, situated oune behind the other, first
;‘l‘_‘v’et the eye, of which the foremost possesses the greatest and the

Indmost the least longitudinal extension.

The foremost of these puirs of plates consists of two bones, each of a
Quadrilateral outline, being joined together mesially by a strong dentated
Suture, (Plate I, Fig.1.) ‘The lateral borders of these bones arch over

isl:ié ?l’idge ‘(,oc‘ cit., page 606) deseribes the surfaco of ﬂ?ese bonex? as ‘.‘nj’ghly' po‘l-

ermr: and farther says “they are destitnte of any covering of sqlt s}nn, he is in

‘ thcse‘ Ouo (.:nn casily convinee himself, from o microscopicaul exammutmu,tihut a]'l of

whicho.vorly"’g plates of the skull in Anda arc uot ouly covered by an epidermis—

Very th also presout is Lepidosteus und Polyptorus—but undoubtedly also posscesos
Ty thin covering of cutis,
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the orbits, while their anterior lateral angles rest upon the antorbital
processes. In view of this arrangement this pair of bones are charac-
terized as the frontalia® [frontal plates].

Behind these two bones, follow two others of an app®ximately quad-
rilateral outline, which like the preceding pair are connected together
in the middle line by a dentated suture. These are undoubtedly the
ossa parietalia [parietal plates], whichin Amia, as in several other bony
fishes, ave suturally united mesiad®.  (Plate I, IMig. 1.)

On cither side of the parietalia and of the posterior part of the fronta-
lia is found a longitudinally placed bone (Plate I, Iig. 1, 8¢.), which
corresponds in all respects with the os squamosum of the Teleostei.?

Articulating with its hinder border with the squamosal ou either side,
and being situated at about the middle of the lutter half of the frontal,
we observe another osseous plate, with its long diameter placed longi-
tudinally. It is the osseous plate that overlies the continuation of the
post-orbital, and is the post-frontal (Plate I, Fig. 1, and Plate 11, Figs. 5
and 6, Psf)). A similar, only smaller, bone-plate, extensively sculptured,
articulates with the anterior .Iutcral. angle of the frontal, and is the
superimposed plate that represents the prefrontal (Plate I, Figs. 1, 2,
and 3, Prf.). While the bony plates just described are firmly articulated
with one another, and are also in intimate relation with the true cranium
beneath, or are even blended with it, the two rather small osseous plates
(Plate 1, Fig. 1, Ez.) situated behind the parictals and squawmosals, and
meeting each other in the middle line,® are connected only with the
bones in front of them by means of dense ligumentous bands. Nor

6As regards the determinations of these bones, I have adhered strictly to the
pames used for them by Gegenbaur. It iy of course universully known that these
names, now long ia use, do not express any homology whatever with the correspond-
ingly named bones of thio higher vertebrated animals, I am of the opinion that o
comploeto homology cxists for only a very few of the bones of fishes when compared
with those of the higher vertebrata. There is not positive proof for a single one of
them at the present writing. The most rational thing to do under the circumstauces
would be to introduce, if possible, & new and neutral nomenclature for the bones of
the skull in fishes ; yet I did not think myself justificd in introducing such an inno-
vatlon, which at any rate, so long as an exbuaustive knowledge of the bones of the
skull in fishes is not complete, conld only be provisional, amd I have therefore con-
tented myself with the old names.

7Bridge, on whose specimen this mesial sutwre between the Paritalia had worn
away, bestows, in consequence, upon the blended bony plates the name of *“ dermo-
supraoccipitale,” a name which in any event is inndmissible. On seven specimens of
Amia, oxamined by me for the special purpose of looking into this condition, I have
invariably found the median suture to be present, agreeing in this particular with the
deseriptions given by Owen and Frangue, and I must consider the condition as fonnd
by Bridge as an individual anomaly, to which no further significanco need be at-

tached.
8 Bridge takes this pair of bones for the parietalia because they lie upon either side

of his dermosupraoccipitale.
9If Bridge intends to convey the idea that these plates do not meet.each other in’

the middle line, he is in error; his owu drawing (Plate XXI1II, Fig. 1) proves to the
contrary,
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bave they anything whatever to do with the primoidal-craninm, and
they are even separated from the exoccipitals by conuective tissues,
though they overlap these bones to some extent. The greater part of
one of these bones laps over one of the bones of the shoulder girdle,
which latter rests with a mesially-directed process upon the hinder
border of the exoceipital, while its remnaining process, directed forwards,
is attached by a strong ligament to the intercalare. This bone (Plate
I, Fig. 1, Sc.) corresponds in all respects with the suprascapula'® found
in nearly all of the Teleostei.

Among the Teleosteans one quite constantly finds, between the pro-
cesses of the suprascapula, a very superficially-situated dermal bone,
which was first ditferentiated by Stannius from the supratemporal bone,
which articulates laterally with the squamosal, and has been termed the.
extrascapula. Thisbone usnally is not very large, yet in a few cases, as
for example in Macrodon, it attains quite a considerable size; it then
resembles in a great measure the boue as just described for Amia, and
it is only to be distinguished from it in that it does not meet its fellow
in the middle line. One will therefore hardly go astray in regarding
the bone in Amia, designated in Plate I, Fig. 1, as Esc., as homologous
with the extrascapula of the bony fishes.

The nasal region of Amia is covered by five small dermal bones, which
are separated posteriorly from the frontal plates by a small traisverse
strip of cutis.

The dermal bone (Plate I, Fig. 1, Eth.), placed most anteriorly of this

group, has the form of an equilateral ‘triangle, with the apex divected
backward, and with a somewhat spreading base. It lies more decply
Seated in the skin than the rest of these bones that overlie the cranium,
but nevertheless it shows traces of the sculpturing that characterizes
them all. Posteriorly, and to either side of this unpaired osseous plate,
lie & couple of small bones (Plate I, Fig. 1, Na.) of which the two medial
ones are somewhat the larger pair. These are separated anteriorly by
the azygos bone, just referred to, penetrating between them ; Lehind,
they meet each other in the median line. On either side of these dermal
bones lie two smaller ones (Plate I, Fig. 1, An.), of which no special notice
Deed be taken. The four bones just deseribed, more especially the medial
Dair, form the covering to the nasal cavity. Among the three Dones
designated by Eth., Na., and An. there remains, where they come to-
gether anteriorly, a small opening which leads to the rhinal chamber,
and corresponds to the anterior nasal aperture of 4mia. The posterior
Dasal opening is far removed from the anterior, being situated at the
Posterior lateral angle of the bone designated by Na. The interprota-
tion of the dermal plates just described is not difficult.
_ The two posterior medial dermo-bones, holding, as they do, a position
0 front of the frontals and above the narial depressions, correspond or
answer to the nasal bones of osseous fishes, There is yet another con-
\

’5Suprusoapula of Cuvier; omolita of Gooftroy and Stanuius,
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dition of these bones that supports this statement, viz, their relation to
the mucus canals of the head.

Among the Teleostei the anterior branch of the mucus canal, imbed-
ded in the froutal bone, begins with an opening which is situated to
the inside of the anterior nasal aperture. Its course in the nasal is
backwards, and then it passes through the frontal, in which it throws off
several side brauches.

This portion of the wucus canal bcars exactly the same relations to
the bones-in question in Amia as in the nasal among the Teleosteans,
as may be seen Ly referring to Plate I, Fig. 1

The mucus canals can also be utilized in defining both lateral bones.
The main branch of the mucus canal,imbedded in the same, unites with
the ecanal of the suborbital arch, and only a small lateral branch anas-
tomoses with the mucus canal of the frontal. This condition reveals
the fact that the bone just mentioned must be the first piece of the sub-
orbital arch somewhat removed from it8 usual position—the antorbital,

The middle non-parial piece can also be determined without difficulty.
In it we see a rudimentary ethmoid which has abandoned its customary
site and relations with the frontalia, owing to the unusually developed
nasal bones. So Bridge has likewise considered it; in fact, one could
bardly regard it in any other light, unless choosing the very improba.
ble assumption that the ethmoid—very constant elsewhere—is entirely
absent in Amia, and that this fish is provided with a peculiar prenasal
bone that never occurs in other fishes. Our determination is undoubt-
edly correct, as we find in Polypterus an identically similar bone,
though here it is connected with two small processes of the frontalia
that enter in between the nasals.’

All of the bones just described that overlie the cranium, with the sin-
gleexception of the prefrontal, are pierced by a system of mucus canals,
which are worthy of a closer consideration (see Plate I, Fig. 1).

As already mentioned above, » large mucus canal commences, mesiad,
by the anterior nasal aperture to follow a course first in the nasal, then
through the entire length of the corresponding frontal, to terminate in
the extreme anterior portion of the parietal, on the surface of which its
mouth is to be found.

The right and left canal are connected anteriorly by means of a trans-
verse apastomosis which passes through the ethmoid. During its course
through the posterior part of the frontal the mucus canal just deseribed
throws off a lateral branch, which passes through the postfrontal, and,
being confined between the bones of the orbital arch, passes around the

u] desire to mention, at this point, that hitherto the rolation of the mnucus canals
to tho bones of the cranium have bardly been given a thought, and yet thoy deserve
a cloger study, as these relations are very constant, and in questionable cases they can
be used to determine doubtful homologies.

120f, the representation of Miller, Structure sud Limits (Grenzen) of the Gauoids,
PL I, Fig. 1, ‘
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eye, reaches the preorbital, and terminates laterally near the anterior
nasal aperture.

From the mucus canal leading to the orbital arch another canal takes
origin, beginning in the frontal, passing through the entire length of
the squamosal, to enter the extrascapula and suprascapula. After
passing through the suprascapula it becomes the mucus canal of the
lateral line, passing on to terminate at the tail. Both of these canals,
Jjust referred to, are united by a transverse anastomosis, which is im-
bedded in the substance of the extrascapula. During its course throngh
the squamosal a branch directed laterally arises from this canal. This
branch enters the preoperculum, passing through the entire length of
this bone to enter the mandible beyond, and eventually join the fellow
of the opposite side, which it meets at the symphysis. All these mucus
canals send off numerous ramifications of smaller canals, arranged in
8overal longitudinal rows, which terminate on the surtace of the head in
lminute openings. '

Taking into considcration their superticial location, the peculiar sculp-
turing of their surface, and the possession of mucus canals, the bones
We have just described are unquestionably characterized as ossifications
of the skin—as dermal bones. 1n making any attemnt to remove these
dermo-bones one recognizes the fact that their relations to the chondro-
Cranium are very differcnt.

The ethmoid, the nasals, and the preorbitals® do not como in contact
at all with the same, but are separated from it throughout their entire
8xtent by soft parts.

On a microscopical examination of cross-sections made from one of
these bones (tako for example the extrascapula) one can distinguish
& suverficial layer from a deep one. The latter consists of osscous
!&mellaa, wlich are piled up parallel with the bony plane, and which are
Interrupted by others, arranged concentrically around the Haversian
Canals, .

This deeper bony layer gives passage to quite a number of capacious

- aversian canals and is supplied pretty generously with bone corpuscles.

he superficial layer of these dermal bones is cliaracterized, when com-
Pared with the one just described, by a much denser tissue, by & small
Number of Haversian canals, by an almost entire absence of’ bone cor-
buscles, and, what is most important, by the existence of numerous and
Very minute dentine tubelets (Dentinrohrchen) which penetrate it from
he surface of the bone. Yet I wish to explicitly state that one caunot
Make out the exact boundary between these two layers with any cer-
tainty.

_The frontals, parietals, and squamosals are in more intimate relation
With the skull. In part, these are quite closely connected with the car-
tilaginous cranium, and are separated from it simply by a layer of thin -
“onnective tissue, Histologically they remind one very much of the

——
—— O

13 n A Il B o - N
*Thig applies also to the extrascapnlar, the suprascapular, and the supraclaviculas.

H. Mis. 67——48 .
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bones of the first group. The two osseous layers can also be distin-
guished in them, but the inferior one is better developed and more plen-
tifully supplied with Haversian canals, so that it becomes quite spongy
in character. As already stated, they are separated from the underlying
cartilage by a thin layer of connective tissue, through which ramify a
numerous set of vessels, and in which are found pigment cells.

Finally, the postfrontals and prefrontals present us true ¢ primary”
ossifications of the primoidal cranium, which cannot be removed without
_ injury to it, and which only remind us of their original development as
dermal bones by their superficial location and by their sculptured sur-
faces, the former also by their having mucus canals.

The conclusion which we arrive at after our examination of these two
bones in Amia, and which they afford, is 8o unique and so uulike the
usual conditions that characterize those specific differences between
dermal bones and the ordinary ossifications of the true skeleton, that it
is easily perceived how Bridge was induced to separate each of these
bones into two components, and to distinguish the true—corresponding
to the homologous bones of the Teleostei—prefrontal and postfrontal, as
well as the “ dermoprefrontal and dermopostfrontal,” covering the same.
An unprejudiced examination at once convinces us that the conclusions
arrived at by Bridge do not agree with the actual condition of things.
The plates of these bones, visible on the surface of the cranium, as well
as the outer layer of all the other dermal bones, undoubtedly consist of
a compact and very hard bony substance, while those parts which are
more deeply situated are more cancellous in texture; still the transition
of one to the other is gradual, and the superfor plate cannot be removed
without breaking the bone.

Here a rare case presents itself—up to the present time almost universally
doubted—in which bones that on their surface present all the characteristics
of dermal bones have acquired relations with the true skelston through
their more deeply situated parts or structure, and in consequence are in part
dermal and in part true bones.

Another group of bones is tobe gseen—partly, also, without dissection—
from the cavity of the mouth. Lying in the median line and longitud-
inally placed upon and belonging to the parasphenoid is an osseous
strip that is entirely covered over with a growth of firmly implanted
and small conical teeth,¥ Between these teeth the bone is covered by
a very thin layer of mucous membrane, which is only to be discovered
after careful search. .

Situated anterior to these median bony strips, there is on either side
a number (from 17 to 22) of strong conical teeth, which are supported
by the vomer. As the interstices among these teeth are filled in by &
thick mucous membrane, nothing can be seen of the bones from an

4 When Bridge speaks of roughness (asperitit?s) of the parasphenoid, he does not
convey to us the correct idea or condition. This roughness is caused by these trns
teeth, and of this fact Franque was already cognizant.
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external view. Similar bone-plates, provided with fine little teeth, such
as those just described for the parasphenoid, are found upon the pala-
tine, upon the three pterygoids, and upon the splenial of the mandible.
After the excellent investigations of Leydig'® and O. Hertwig'® a par-
ticular reason is hardly required if I place the parasphenoid and the
vomer, as ossifications of the mucous membrane of the mouth, opposite
the dermal ossifications and the true ossifications of the skull.

In respect to this, it seems to me that the condition found to exist
in Polypterus is of peculiar significance; in this form, according to
Leydig’s investigations, all the bones of the bucecal cavity are covered
over by the epithelial layer solely. The Amia, where the ossifications
beneath the epithelium are likewise covered by a layer of counective
tissue, constitutes an excellent example, so far as this condition is con-
cerned, of the trausition stage between this form and the majority of
bony fishes, in which the paraspbenoid and vomer are hidden beneath
the thick mucous membrane of the mouth.

After the cranium has been skeletonized, the parasphenoid and the
Parial vomer can be easily discerned. ’

The parasphenotd (Plate I, Fig. 2, ps.) is aflat bone, having the form of
4 cross. Its stem extends from the hindermost extremity of the skull
to the antorbital, and very near its middle it gives off two branches,
Wwhich extend laterally and upward alongside the postorbital, and form
the posterior boundary of the orbit.

The posterior extremity of the parasphenoid is deeply cleft, thus
allowing a small triangular portion of the basi cranii, represented by
'the basioccipital, to come tuto view upon a basal aspect of the skall
That part of the bone which is provided with teeth, and which in
different individuals varies with regard to its anterior and posterior
extension, lies mesially between the two branches.

In front of the parasphenoid are found the two vomers (Plate I, Fig.
2, vo.), articulating with each other in the middle line. They are flat
08seous plates, placed longitudinally, with their anterior thirds armed
‘.'Vith stout teeth. Their posterior moiety covers the anterior part of the
Inferior aspect of the parasphenoid. :

If the statement that the parasphenoid originally bore teeth over its
“ntire surface be correct—and so many facts have been adduced in its
favor that its correctness ean hardly be doubted—the overlapping of

© Vomer on this bone must be a primitive state of affairs. In fact, if
Ong compares this condition of Amia, with its parial vomer, with the ar-
Tangement in bony fishes, where the vomer is known to be always non-

Parial, hardly a doubt but that Amia represents the primitive condition
Temaing,

15 . . . .
Ba ‘:’7 Leyaig, Beitrag z. mikroskop. Anatomie v. Polypterus. Zeitschr. fiir wiss Zool.,

10, Herlwig, Das Zahusystem der Amphibien f. mikroskop. dnatomie, Bd. XI, suppl.






