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PREFACE.

IN the present Memoir there are embodied certain of the late Professor Rathke’s invaluable
researches with my own, so that some of the fruits of his labours now appear in an English forin
for the first time. Whatever value may be put upon my work, of this I am confident, that we
have done good service to anatomy in this country by giving readers who, like myself, know only
their mother tongue, the advantage of some of Rathke’s labours.

Other parts of this great embryologist’s works have been translated for us already by
Professor Huxley, and I now offer to the anatomical student wmore treasures from the same
source, which have been kindly translated for me by Mr. Power.

With very few peers, and no superior, as an observer of facts, Professor Rathke modestly
limited himself in the naming of new elements; and he really needs a continliator, who will
fully venfy and extend his researches, without being reticent as to general and special homological
relations.

Some of my own observations are accidentally mere repetitions of what that eminent
anatowist had noted some twenty years before, but unfamiliarity with books made them appear
to me to be real discoveries.

As for myself, I have never been able to work in the same patient and uninterpreting manner
as Rathke was wont, for during an early period of my work I was allnred out of the “old
paths” by Transcendentalism ; and often again since then I have found myself astray on the
“ high priori road.”

Nevertheless, T have learned at last that if “a man will begin with certainties he shall end
with doubts’;” and to my help I have had the frequent and friendly aid of Professor Huxley,
who, in this country, is most worthy to represent the great German embryologists.

Whilst this Monograph has been passing through the press, it has undergone careful
revision by my talented friend Professor T. Rupert Jones. To him, to Professor Huxley, to
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vi PREFACE.

Mr. Power, and to all who have with friendly mind and ready hand helped me, I now return my
hearty thanks.

It ought to be mentioned that the Royal Society has granted a Tundred Pounds towards
the expenses of the Plates for this Memoir; and also that, in putting my drawings on stone,
in drawing some of the objects from nature, and in colouring the figures, Mr. George West has
shown his usual facility and conscientious care.
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THE

SHOULDER-GIRDLE AND BREAST-BONE.

INTRODUCTORY REMARKS.

Tre germ of the present Memoir will be found in the Proceedings of the Zoological
Society,” June 28th, 1864 (Part 3, pp. 339—341), and, for the most part, the observations re-
corded here are merely a development of those to be found in that brief report.

I was not aware, at the time when I read that paper, that the real nature of the Tortoise’s
“ plastron ” had been discovered by the late Professor Rathke many years before ; but as early as
1848 he had given a true account of its structure (see his Memoir ‘ Ueber die Entwickelung
der Schildkroten,” pp. 122—181); when I come to the Chelonia I shall insert a translation of
his remarks on that subject.

In my small paper there is a very grave error, which I discovered too late to correct. I
supposed that the ¢furcula” of the Bird answered to the azygous *episternum ™ (so-called) of
the Lizard,! whereas that bone includes both the * episternum ” and the clavicles.

This error led to another. I supposed the clavicles of the Lizard to answer to the antero-
inferior shoulder-bars of the Frog, which belong to the  coracoid ™ category, although they have
often been confounded with the clavicles.

Nor had I discovered, when my abstract was printed, that the foremost bones of the
Tortoise’s “ plastron ” are the true homologues of the three shoulder-splints of the Lizard, the
Bird, and the Monotreme ; nor that the two outer ones—the so-called “ episternal ” pieces—are

! Dr. Gray makes a similar mistake with regard to the episternum ” of the Monotremes (see
¢ Zool. Proc.,” part ii, 1865, p. 885) ; he calls it the ¢ furcula.”
1
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2 SHOULDER-GIRDLE AND BREAST-BONE.

the counterparts of those great outer shoulder-bones of the Osseous Fishes, which Professor Owen
has called ““ coracoids.” It will be seen, however, that I still wholly rejeet the nomenelature which
the same eminent anatomist has given to these and to the rest of the shoulder and fore-fin bones
of Fishes. 3

These subjects will be treated of in due time; and although I wish to work peaecefully, yet
it will be seen from the Abstract of my Paper that confroversy was one of the cxciting causes
of this particular line of research.

If any apology be needed for writing so large a book upon so restricted a subjeet, I would
say that it is a narrow éa/t running through a very wide field, and that its cultivation will
remove many an unsightly error and reveal a number of beautiful and valuable truths.

Moreover, I do not believe that the anatomist exists who is strong enough to master the
facts of anatomy whilst they are bound up in one faggot or “system ;7 but, taken part by part,
they may be mastered by the most unpretending worker.

Then, in the times to come, when we have “ prepared our work without and made it fit for
ourselves in the field,” we shall be able to build a “system of anatomy” which shall truly re-
present Nature, and not be a mere reflexion of the mind of some one of her talented
observers.

The plan of the present paper is to begin the study of the Shoulder-girdle in the Rays, where
it is most largely developed and most generalised ; and then, tracing its growth in some of the
chief Ichthyic types, to follow up its development until we come to Man, at the head of the
Vertebrate series.

As the lowest or Suctorial Fishes have no limb-girdles, I am obliged to begin some little way :
up in the Class: it is the same with regard to the sternum ; only that I have to aseend much
further ; for the lowest Amphibians, as well as the whole of the Fishes, are devoid of this part of
the endo-skeleton. :

I want to keep entirely clear, not only of teleology itself, but also of all terms that have a
teleological meaning ; and this not from any disposition to depreciate that very delightful aspect
of the vertebrate framework, but because I wish to treat of the morphology of the parts, and not
of their often evident but not unfrequently obseure unses.

We cannot take a step in this department of anatomical science without a thorough ac-
quaintance, not only with the histology of the skeleton, but-also with that of the rest of the
tissues that go to make a vertebrate animal.

It will be necessary to keep the histology of these parts very much in the background,
however, partly for want of space, and partly also for fear of breaking the thread of my argument
by introdueing too much collateral material.

* I must state, notwithstanding, that as much labour has been spent in making most aceurate
histological observations as in dissecting and depieting the grosser tissue-masses that form the
Sternum and the Shoulder-girdle.

The relation of histology to morphology gives rise to the want of a few new terms for the
varieties of the ossific process (osfosis): for these I am indebted to Professor Huxley, the “ man
of my counsel ”” in matters of this kind.

The morphologieal nomenclature will be found to be extremely simple, and based entirely

on human-anatomy terms. These will merely be modified by having distinguishing ‘prefixes
fastened to them.
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I hope to be able, by keeping strictly to the description of what I have seen, by describing
the structures in an ascending manner—¢. e. from the lower vertebrate type to the higher—by
treating histology for the time as a handmaid and not as an equal, and by keeping clear of all
mention, even, of the use of the. parts, to transplant the roots of my ideas into the mind of my
readers”’ If T can thus show the relation of the parts to each other, their varied modifications
in the ascending series, and the place they occupy correlatively to the skeletons of which they form
a part, I shall have done a real service to science; for if this slow painstaking method of com-
paring form with form result in the discovery of the real nature of the parts, it will lead to more
and better work from younger hands and fresher minds.

It will be better, it seems to me, to give the results of my own work than to keep
“ rounding about "’ amongst the theories that have been already propounded : so that it will be
my work to say where I have found the scapula, for example,—and not to say who called it a
“ pleurapophysis,” or who put it amongst the sternal ribs and called it a * haemapophysis.”

Before entering upon special description it will be well to say a few words on the skeleton

generally. ,
The vertebrate animal has its framework developed from several sources : firstly, from sym-
metrical cartilages which appear at first on each side of, and in close proximity to, the absolutely
azygous notochord—these are developed upwards over the spinal cord, and downwards over the
viscera; and in the head they are developed forwards to form the greater part of the skull and
much of the face: this is the axial skeleton.

Secondly, many cartilages are formecd between the axial skeleton and the skin; these are—

A. The labial cartilages ;
B. The sense-capsules; and
c. The fins or limbs.

The latter may lie in the vertical line, as the roots of the vertical fins of Fishes; or on the
sides of the hody outside the vertebral arches, as the lateral fins or limbs proper.

The Sternum is nothing else than the lower part of certain of the costal arches—a part in
which the segmentation, which is so perfect in the region of the notochord, dies out more or less,
and only perfectly revives afterwards in the growing young of the highest vertebrate types.

The Shoulder-girdle, like the Hip-girdle, is composed of two halves, each of which is the root
and foundation of the limb of the corresponding side, and it is subject to the same law of vertical
and transverse fission as the limb itself, which is merely its divergent and freer continuation.

Altogether, the cartilaginous skeleton may be called the endo-skeleton; and its division be
into azéal and accessory. The limbs, both root and branch, belong to the latter category.

There is also, ancillary to the cartilaginous, a fibrous skeleton, of almost equal importance,
in some cases, to that which is formed of true hyaline cartilage.

This is the skeleton of the skin and its infoldings,—the exo-skeleton ; and prior to ossifica:
tion it is entirely composed of fibrous connective tissue in a more or less developed state.-

! «Tor it is in knowledges as it is in plants: if you mean to use the plant, it is no matter for
the roots; but if you mean to remove it to grow, then it is morc assured to rest upon roots thanslips :
so the delivery of knowledge, as it is now used, is of fair bodies of trees without the roots—good for
the carpenter, but not for the planter. But if you will have sciences grow, it is less matter for the
shaft or body of the tree, so you look well to the taking up of the roots.”—Bacox.
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These two skeletons maintain their greatest independence of each other in the oldest and
most generalised types of Fishes ; in the newer (cycloid and ctenoid) types the correlation of the
two becomes much more evident and perfect; but we must pass through all the cold-blooded
vertebrates, and even past some of the lower types of the warm-blooded, before we see the
greatest inter-dependence of these diversely developed structures.

In working out the morphology of the Shoulder-girdle and Sternum, the various modes of
ossification have cost me much histological labour ; taking counsel on this subjcct,’ T have deter-
mined to call that ossification which commences in the intercellular substance of hyaline cartilage
“ endostosis.”

That bony matter which is first found in the almost structureless, inner layer of the peri-
chondrium, in immediate contact with the outermost cartilage-cells, is formed by a process which
may be called “ ectostosis.” ;

Such a bony formation as appears primarily in the skin, in the subcutaneous fibrous mesl,
or in the aponeurotic tracts, may be called « parostosis.” ,

All these modes have to be most carefully traced backwards to their earliest appearance,
otherwise the study of osseous centres is most perplexing; for one of the constant results of
ossification in the higher classes is the coalescence of parts morphologically separate.

Nothing, however, can exceed the study of segmentation 1n importance and interest. Without
a clear notion of that process in all its modes and degrees, the anatomist’s ideas will keep in a
hopelessly confused state.

Cartilage, as every one knows, is a very fast-growing tissue; tending to develop itself in an
unstinted manner over many morphological regions at once, and only showing the proper terri-
tories by the law of segmentation, which law is potent in very various degrees in different parts,
and 1n the corresponding parts in different types of vertebrate creatures. .

Fission of, or the formation of two or more osseous centres in the same tract of, hyaline car-
tilage are the two kinds of segmentation to be observed; but they both have the most varied
degrees of development.

If a fissure be open at one end only in a plate of cartilage it is called a “notch;” if closed
at both ends, and dilated so as to form an oblong, oval, or round space, it is here called a
“fenestra;” when the cleft is complete we have a true joint; this may have a “synovial cavity,”
or be merely a fibrous tract—the lowest kind of joint.

All these open spaces in cartilage are the result of development, and may be called
seeondary in relation to those which are to be found at the mid-line, both above and below ; and
which depend upon imperfect coalescence of symmetrical cartilages.

Both the Sternum and the Shoulder-girdle have these primary notches and fenestra, which
are not to be classed amongst cleffs, but agree with the upper and lower “ fontanelles” of the
primordial skull.

Morphological territories are also measured out in another way than by the formation of
perfect, or of more or less imperfect clefts ; namely, by two or more centres of ossification appear-
ing in an undivided tract of cartilage.

We are all familiar with this nascent segmentation in the limbs and limb-girdles of Man
and the Mammalia generally; in the long bones the chief part or sZaff commences to ossify very

2

! With Professor Huxley.



INTRODUCTORY REMARKS. 5

carly by ‘““ectostosis;” *endostosis” being set up afterwards to finish what the first process
began. The ends and certain outstanding snags of these long bones ossify very late by central
endostosis : these, I am bold to say, are arrested segments, which soon fall back, as it were, into
the main part.

The cartilaginous plate may have two or more ectosteal territories in it, as we see in
the human ¢ pelvis;” and there no one doubts the morphological distinctness of these self-
cvident regions: another pertinent instance is the Sternum of the common Fowl and that of the
Ostrich.

A feebler mode of merely osscous subdivision is where all the bony tracts are at first, and
in some cases persistently, merely endosteal deposits ; this is well seen in the Sternum of Lizards,
where the ossification is permanently arrested ; and in Birds generally, with the exception of those
mentioned above (Gallinee and Struthioninz), where the ossification commences as in the Lizards,
but runs a rapid course, and acquires an ectosteal layer before its completion.

On a subject so complex the observer is glad to find as many waymarks as possible;
I think that the above are true and safe, and that by patient observance of them the variously
subdivided morphological territories, with their many modes of enclosure, may be surveyed and
mapped correctly. ,

The term ° phalanges” for the joints that form the whole limb and its root is too special ;
% rays” would be better, and when required can be used with this caution, namely, that they be
not confounded with the cartilaginous rays which proceed from the facial and branchial arches in
Plagiostomes, nor with those which become segmented from the ribs in some Lizards (e. g.
Hatteria punctata), in Crocodiles, and in all Birds save the Palamedeas. All these latter rays
belong to the awial skeleton; and the theorists generally have imagined a simplicity and a
uniformity which is not to be found in nature, and have confounded these two different classes of
rays.

In naming the ““rays” that form the Shoulder-girdle, the prefixes, super-, pre-, meso-, epi-,
&c., will suffice to distinguish the territories to be found in the scapu]a”aand the “ coracojd :”
in the Sternum a similar simplicity will characterise the terminology.

Being compelled, from the nature of my work, to show a large number of insfances, the
necessity for a copious supply of ¢ subjects” has been great ; these, however, have come to hand
most opportunely, for my kind friends have helped me very liberally.

Amongst these I must mention Professors Huxley, Rolleston, and Rupert Jones; Mr.
Flower and the Council of the College of Surgeons; Mr. Bartlett; Mr. Henry Power, Drs.
Gimther and Murie, Mr. St. George Mivart, Mr. Swinhoe (H. M. S. Consul, Formosa); Mr. E.
Christy ; Mr. Tegetmeier ; and Mr. T. J. Moore? (of Liverpool) ; but some of the best materials
of all have been put into my hands by my friend Mr. Waterhouse Hawkins,—these were princi-
pally large Reptiles.

' T hope never again to use that mischievous word * apophysis,” with its ninety-and-nine prefixes ;
it was a cloudy and dark day for anatomical science when the transcendentalists, ¢ with their enchant-
ments,” brought this swarm upon the land.

? In a rich supply of Guano-mummies of the Booby and Cormorant, from the Chincha Islands,
given me by Mr. Moore, I first found the complexity of the Bird’s * furcula,” and was hence excited to
work out the whole subject (see ¢ Zool. Proc.” for June 28th, 1864).
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ON THE SHOULDER-GIRDLE OF THE FISH-CLASS.

As the lowest or Suctorial Fishes have neither limbs nor limb-girdles, I must begin with
the most generalised forms that possess these structures. It will be very convenient to consider
the endo-skeletal or essential parts first, where they are not only present in the greatest mass
and quantity, but also in that Order of Fishes in which there is no correlation of the exo- with
the endo-skeleton ; these are the Plagiostomes or Placoids; the Rays and Sharks.  Then I
intend to show how the internal skeleton of these parts is put into close relation with the large
“ ganoid ” plates that cover the body in certain types; and which plates have to be described in
connection with the parts of the essential Shoulder-girdle : we have this correlation in the Sturgeon,
which has a soft endo-skeleton ; and in the Siluroid Callicktfys, which has a hard one.

Then we shall come to forms in which only the inner (subcutancous or aponeuroticy parts
of these scales are, as a rule, developed in immediate contact with the true Shoulder-girdle. This
1s the case in the ordinary (Teleostean) Fishes; but I shall pass to the typical through a
series of aberrant forms; beginning with the most generalised of all, namely, the Lepidosiren.
There is no Sternum to be described in the Fish-class ; my work here, therefore, lies entirely with
the Shoulder-girdle.

P1scEs PLACOIDEI.

. A. No splint-bones ; Shoulder-girdle with large supra-scapule entirely segmented off from
the scapule.

Lrample— Raia clavata, Linn.

In Plate I, figs. 1-—4, the Shoulder-girdle of the Thornback-skate (half-grown) 1s shown, of
the natural size ; whilst fig. 5 gives a view of a small part of the surface, magnified so as to show
the small, polygonal, bony plates that give strength to the cartilage. Before deseribing the
morphological characters of these parts, it may be said that these plates are not formed by ossi-
fication of the inner, soft layer of the tough, fibrous perichondrium,-but small territories of the
surface-cells of the hyaline cartilage undergo immediate metamorphosis into bone : this I propose
to call ““ superficial endostosis;” the other process, or that oufside the cells, but taking place in
the inner part of the perichondrium, may be called “ ectostosis.”

In one sense, this my first example is the most perfect Shoulder-girdle in all the Vertebrate
Sub-kingdom ; but massive and complete as it is, being the foundation of two exorbitantly
large limbs, it is yet low and gemeralised in its morphological characters. At first sight it
appears to be an'absolute girdle; but upon closer inspection it is seen that the cervical vertebral
spine is closely wedged between the supra-scapule (s. sc.), just as in the Bird the sacral vertebral
spine is wedged between the iliac crests, the hinder counterparts of the supra-scapule. In that
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Class, however, the Iip-girdle—so closely isomorphic of the Shoulder-girdle of the Skate in its
fixity above—is seldom perfect below; the exception to this is that of the African Ostrich
(Struthio camelus).! 1

The supra-scapule (s. sc.) of the Thornback are separated from the scapulee (sc.) by a com-
plete transverse cleft, which results in a perfect joint-cavity, the highest type of segmentation.
Each supra-scapula (fig. 1, s. sc.) is irregularly four-sided, its upper edge straight, its anterior
concave, its posterior margin sigmoid ; whilst the scapular margin has an oblique convex outline,
the scapula (sc.) mounting upwards bchind it.- The supra-scapula is thick below, and thin
above (fig. 4), and by this its thin margin it is attached by strong fibrous tissue (there is no
joint-cavity here) to the jutting edge of the vertebral spine: it is gently concave above (fig. 4),
and as gently convex below.

The scapula (sc.) can only be distinguished from the rest of the Shoulder-girdle by an eye ex-
perienced in these structures in the higher types of Vertebrata: once seen, however, in the light of
the nobler Classes, it reflects back a ray of the purest kind upon the morphology of the scapule
of those creatures which at first illustrated it. Beyond the premature segmentation of the supra-
scapulee from the scapul®, there is nothing but abortive efforts at division, and the histological
state of these structures gives no waymark to the anatomist. The limb of one of the higher

.Classes of Vertebrates may be compared to an espalier tree, with thick roots in the ground—a
si'ngle stem, at first bifurcating, and then breaking into its ultimate branches; but the limb of the
Skate is like such a tree, rich indeed in free, dividing branches, but starting from the very ground
itself with several *“leaders.”

Tig. 2 shows three oval, smooth, synovial convexities (gl. 1, 2, 3), all lying in nearly the
same horizontal line ; and, whilst the outcr ones are vertical, the inner is directed transversely ;
these are the three  glenoid ”” facets, and they articulate with the three ‘“brachial” concavities.?
(See Huxley and Hawkins’ « Atlas,” pl. xi, fig. 9.)

The form of the scapula (fig. 2, sc.) is the reverse of what we have in Man, for the “neck ”
is here of great width, and the ““ blade,” where it joins the supra-scapula, is narrow ; this npper
part overlaps the supra-scapula behind, its concave edge going beyond the convex edge of the
upper plate. It widens gently in front, and the selvedge reaching from the snpra-scapula to the
front glenoid facet (gl. 1) is scarcely convex : behind, however, its outline, which is elegantly concave
above, and then vertical below and behind, 1s directed at first more backwards than downwards.

! Here I may at once remark that the Hip-girdle is always, in the higher Classes, more complete
as to mere mass, and lower in type, morphologically, than the Shoulder-girdle; so that whilst this part
in the Skate illustrates that in the Bird, in like manner the Shoulder-girdle of the Frog is no
inaccurate representation of the haunches of a Man. ¥

* The mistake of making the ¢ carpus” of the Fish articulate with the glenoid facets arose
from a misapprehension of the nature of the proximal bones of the fin. Cuvier called the clavicle of
the Osseous Fish  humerus,” the scapula “radius,” and the coracoid * ulna.” Professor Owen called
the clavicle “ coracoid,” the scapula “ ulna,” and the coracoid “radius.” (Sec ¢Owen's Lect. Comp.
Anat.” vol. ii, pp. 117—126.) I have already challenged the wholc of this nomenclature. (Seee
¢ Zool. Proc., 1864, part iii, p. 8341.) As the generalised condition of thesc fin-rays makes it difficult
to compare them with the limb-bones of the air-breathing Classes, I have adopted the tcrm ““ brachial,”
s0 as to leave the question of their special homologies open.



8 SHOULDER-GIRDLE AND BREAST-BONE.

The oblique and vertical parts of the posterior margin of the scapula meet at less than a right
angle, so that this part projects upwards (fig. 2, sc.). Half-way down, this rapidly widening
scapula breaks into three bars; and these form three regions, namely, the ¢ pree-,” “meso-,” and
“ post-scapular ” regions ; the two outer are each twice the breadth of the inner. These are
differentiated by that process in the metamorphosis of the primordial skeleton which may be
termed “ cleavage;” and if this process had been perfect in the Skate, there would have been
a division, vertically, into parallel rays; besides the transverse cleft which separates the supra-
scapula from the scapula. When, however, this process is arrested, at one end we have a
“mnotch;” when at both ends we have a “ fenestra,” for this closed space does not continue a
mere chink ; but the expansion by growth of the cartilage causes it to become’ a more or less
broad ¢ window” in the cartilaginous plate : it is generally oval in shape. Three such * fenestree™
are shown in fig. 2 ; the front one belongs principally to the scapula, and also to the coracoid (cr.)
beneath—this is the ¢ coraco-scapular fenestra” (c. s. f.). Behind this there is a somewhat wider
space, which belongs wholly to the scapula, being above the glenoid facets; this is the ¢ scapular
fenestra” (sc. f.). Below this there is a rather strong bar of cartilage which connects the second
and third glenoid facets ; it is almost horizontal, but dips a little behind : this may be called the
“ glenoid commissure” (gl.). Below this rod there is a somewhat smaller, narrow-oval fenestra,
which belongs wholly to the coracoid region : this is the ¢ coracoid fenestra” (cr. £). The outer
face of the scapula is scooped (fig. 2); and whilst the middle glenoid facet (fig. 1, gl.) projects
laterally to nearly the same line as that in front (gl. 2), the posterior facet (gl. 3), like the rest of
the hinder part of the Shoulder-girdle, projects to some considerable distance further outwards
(figs. 1, 2, and 3, gl. 3). 'Where the scapula and coracoid run insensibly into each other in the
glenoid region they are both at their greatest breadth ; the latter part (cr.) narrows rapidly to its
lowest part (fig. 2). The extension, to some slight degree, of the coraco-scapular fenestra (c. s. f.)
into the coracoid region in front, and the presence of a true coracoid fenestra (cr. f.) in the hinder
half, makes the coracoid in some degree trifid ; the front part is the “ prae-coracoid” (p. cr.); the
middle bar, which underprops the middle glenoid facet, is the “ meso-coracoid ” (m. cr.); whilst
the broad bar which runs up to the hinder glenoid facet is the *“ post-coracoid,” or * coracoid-
proper” (cr.): all these parts will reappear in the higher classes with more or less distinctness ;
and I promise to prove that there is nothing unmeaning in these “fenestrae ” and bars; and
that teleology need not be called in to show the “why and wherefore” of their existence.
Each great coracoid is bent upon itself at an acute angle at the eighth of an inch below the
transverse coracoid fenestra (figs. 2—4); and the cartilage, which is sixteen lines broad at
the glenoid region, becomes three lines only where it meets and coalesces with its fellow of the
opposite side.

The union of these two halves is absolute (figs. 3 and 4, e. cr.); there is no stoppage of the
ossification at the mid-line, and no thinning down of the cartilaginous bar (fig. 4, e. cr.): the
lower part of the Shoulder-girdle is formed by the * epi-coracoids” (e. cr.), here most massive, but
reappearing in the higher types as thin-edged, frce plates. The great, common epi-coracoid bar
is rounded above (fig. 4), somewhat concave at the mid-line and with round thick edges below :
the arcuate anterior and posterior outlines of this bar, as it spreads out to lose itself on each side
in the upper coracoid region, are very beautiful, and so is the whole arch—Nature’s own
masonry !
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B. No splint-bones ; supra-seapule as small tubercles, half-segmented from the scapulz.

Lrample.—Squatina angelrs, Dumnmeril.

In the ¢Osteological Catalogue of the Hunterian Museum’ (Roy. Coll. Surg.) the reader
will find no mention of an entire skeleton of the Monk-fish, but there has been a perfect one
(prepared by the author of this Monograph) added to the Museum since the publication of that
Catalogue.

This preparation shows how massive the Shoulder-girdle is in this connecting link between
the Skate and the Shark—on the whole it agrees most with the former; but the supra-scapula is
a mere semi-detached knob, which is articulated loosely with the spine; and there is only one
fenestra in the base of the scapula, and running a little, perhaps, into the head of the coracoid.
I shall call this simply the “scapular fenestra,” as it is evidently the counterpart of the supero-
posterior fenestra of the Skate (Plate I, fig. 2, sc. £). We shall see it again in Class after Class
as we ascend the scale. The scapula of Squatina is not high, but it becomes very broad where
it passes into the massive coracoid ; this latter part turns inwards at less than a right angle, and
the transverse, or epicoracoid part, by union with its fellow of the opposite side, forms a strong
subthoracic beam, in which there is no sign of the original division, either by thinning down of
the bar, or by arrest of the dense pavement of polygonal bone-grains.

c. No splint-bones ; supra-scapulee as long styloid bars, only distinguished from the scapule
by an arrest of the hony pavement over the tract where segmentation should have taken place.

Lwample.— Galeus vulyaris, Cuy.

The skeleton of the Tope, or smooth Dog-fish, in the Hunterian Collection (‘ Osteol. Catal.;’
vol. i, p. 92, No. 397), is somewhat the worse for its age, but there is a fresher skeleton (made
by the writer) which has been added since the printing of the Catalogue (1853). In that spe -
cimen the Shoulder-girdle of Galexs may be studied. 'There is a figure in Huxley and Hawkins’s
¢ Atlas’ (1864, plate 11, fig. 10), of the Shoulder-girdle of this species; it is a side view, and
shows the upper part well; but the epicoracoid is foreshortened, and its union with its fellow is
not represented.  Moreover, the wrinkled condition of this, as of all dry skeletons of the
Plagiostomes has obscured the view of the scapular fenestra.” This passage may be found,
however, even in the dry preparation; the shaded fosse in Mr. Hawkins’s figure, close behind
and above the letter «, represents a valley which leads to it ; it is small, oval, and nearly vertical,
and divides the base of the scapula into a scapula proper and a pree-scapula, as in the Monk-fish
and the Anourous Batrachia (see Plate V, fig. 15, sc. ).

Mr. Hawkins’s figure well shows the relation of the pointed supra-scapular “ horns ” to the
scapula, and the obliquely transverse band of unencrusted cartilage which separates the two
regions ; a similar band, but smaller, marks the boundary-line between the scapula and coracoid.

The epicoracoids of Galeus thin-out considerably ; .they are very thin where they unite, and
bend on each other in the dry preparation; moreover, there is no bony crust on their edges, the

whole of the cartilage continuing soft for a few lines outwards.
2
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I may remark, before passing on to the Ganoids, that the abortive development of the
supra-scapula in Spuatina is very interesting; for this part is altogether indistinguishable in the
Lepidosiren 'and in the Teleostei; the absence of a transverse cleft between the supra-
scapula and the scapula in Galeus is a morphological character so constant in the Vertebrata,
generally, that the Rays and Sturgeons are, as far as I know, the only Families which are
exceptional in this respect. I shall show that even the Frogs and Toads agrec, in this part of
their Shoulder-girdle, with the Dog-fish (G'alexs), and not with the Ray and the Sturgeon. It is
evident that, in using morphological “ cleavage ™’ as a measure of height in the vertebrate scale, we
must be very cautious how we apply the rule, and not forget what striking exceptions there are
which, in some considerable degree, diminish its value.

!

P1scEs GaNoIDEI (4., Recent forms).

A. Large dermal (““ganoid”) plates covering the head and various parts of the body, many
of which are correlated to the feebly ossified endo-skeleton as splint-bones ; true Shoulder-girdle
entirely unossified.

Ezxample.—Aeipenser sturio, Linn.

If the anatomical student has well considered the perfect independence of the endo- and
cxo-skeleton in the Placoid Fishes, he will be in a state of mind fit to receive the intelli-
gence which the study of the Sturgeon will impart to him. Here the endo-skeleton is largely
developed, but for the most part unossified, and arrested as to #&pe; the ossification also, when
it does occur, as on most of the cylindrical cartilages, is as a sheathing ectosteal” layer, which
invests the cartilage for a long tlme before setting up “ endostosis™ within ; this is in harmony
with what is found in the emblyos of all the Teleostei, and in the adult Fish in some instances,
e.g. Gobius minutus, Linn. But in the region of the body treated of in this Memoir we find no
ossification whatever; and therefore the relation of the cxo- to the endo-skeleton is very easy of
interpretation.

Here commences a remarkable organic affinity of the “bars of the skin® for the bars of the
flesh; the former, in certain regions, cleaving to the latter as the bark of a tree does to the
wood, or as the ivy does to the trunk that supports it; and, like the ivy, the splint-system seems to
injure what it protects, for in many instanees there is an evident abortion of the cndo-skeleton as
a correlate of the overgrowth of the outer bony plates, as may be seen in the trunk of the
Tortoise. Zlkere the affinity of the outer for the inner skeleton is intense; Zere, in the Sturgeon,
it is less pronounced; ultimately, in the warm-blooded classes, we shall sec that parts of the
exo-skeleton do actually graff themselves upon parts of the endo-skeleton, as the Mistletoe grafts
itself upon a dicotyledonous tree. -

But there is nothing loose or accidental in the manner in which the strong ¢ ganoid” plates
of the Sturgeon apply themselves to the soft inner parts; and having once determined the true
homologies of those endo-skeletal regions, we can also be sure of their dermal correlates in Order
after Order and Class after Class, until we reach cven our own species; the genesis of the
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vertebrate skeleton being thus traceable from the low, Zzrval Ganoid Fish up to its continuation in
the human being.

The supra-scapula of the Sturgeon (Plate I, figs. 6 and 7, s. sc.) is a thick trihedral plate of
soft cartilage ; it is expanded on its postero-external surface, against the overlying dermal plate,
and anteriorly grows forwards as a thick plate, somewhat convex within (fig. 7), and very concave
externally (fig. 6); its outline is that of a gooseberry-prickle, only inverted in position, and
blunt-pointed ; it is wholly segmented from the cartilage below. The lower surface is directed
backwards and downwards; it is scooped into an oblong articular cavity, to receive the convex
head of the scapula, which fits into it as the humerus fits into the ulna in our own skeleton.

The rest of the Shoulder-girdle moiety is not easy to describe (see figs. 6—8), for it contains
the coraco-scapular mass in a very primordial condition, both histologically and morphologically ;
it is like a mass of clay rough-modelled by the hands of the potter, but ready to become the
shoulder-blade of any kind of vertebrate creature whatever, as it shall “ seem good to the potter
to make it”” The general form may be described as an oblong trihedral bar; bifurcate below,
and attenuating into a thin edge wherever it comes into contact with the dermal plates: its
surfaces are sinuous; now convex; and anon gently scooped. Above, it is narrowed, as it rises
in front into the highest and broadest part of the supra-scapular concavity ; it steadily broadens
downwards, and then becoming of great width' and thickness has all the centre scooped away, a
large elegantly arched viaduct being formed, which looks from before backwards (Plate I, fig. 8,
sc. £.).  The floor of this archway is deeply scooped, and through it, towards the outside, there is
an oval false (membranous) floor (fig. 6, c. s. f.). The inner wall of the archway is very thick
(fig. 8, p. sc.), the outer (fig. 8, sc.) is much thinner; the hinder, broad end of the floor is very
thick, and it has scooped in it five glenoid cups for the érackial series of cartilages : these depres-
sions lie in an arcuate line which twrns downwards, behind (fig. 8, gl.); they are filled with fine
fibrous tissue, a species of joint existing here like what we shall see in the Cetacea. The con-
cavity of the floor of the archway becomes narrow in front and is then lost (fig. 7, upper part of
p- cr.) ; the cartilage here growing forwards and a little downwards as a distinet fork ; it is broad,
flat within (fig. 7, p. cr.), and expands cxternally and in front into a thin-edged disc, which is
slightly concave on the outside, where it adheres to the semi-transparent dermal bone (cl), like
the  foot” of a Snail upon the window-pane. The main part does not alter its direction or
character (fig. 7, cr.), but ends abruptly below with a rather sharp edge (figs. 6—8, cr.) : it sends
upwards on its outer side a sharp lamina (e. cr.), which also, snail-like, applies itself to the
dermal bone outside of it. (i. ¢l.) This is the cartilage, the interpretation of which must be
made sure, or we shall lose the first fastenings of our argument. If a transverse line be drawn
through the middle of the ¢ glenoid ” facets, we shall see how far down the scapula extends: all
below is coracoid. But the thick inner wall of the great archway is in fronf of the thinner outer
wall; the former is the pra-scapula and meso-scapula (p. sc.) in one half-cleft ray; the latter is
the scapula proper (sc.), and answers to the hindermost bar in the ray (Plate I, fig. 2, sc.).  The
floor in front of the glenoid facets is common to the scapula and coracoid, and the snail-footed
bar in which it terminates is the pra-coracoid (p. cr.): the false, or membranous floor, is the
coraco-scapular fenestra (fig. 6, c. s. f.), and answers to the front fenestra in the Skate (fig. 2,
c.s. £.). The creeping foot at the lower part of the coracoid is the epicoracoid (e. cr.): it 1s but
little developed towards its fellow of the opposite side, and is thus very unlike the epicoracoid of
the Skate (Plate I, figs. 2 and 3, e. er.). Opposite the bifurcation for the epicoracoid therc is
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seen, behind and within, the coracoid foramen (fig. 7, c. m.), that is, its entrance: its exif may be
seen in the fresh cartilage below the largest glenoid cup.

It will be seen from the above description that, on the whole, 1 agree with Professor Owen
as to the special homologies of the Sturgeon’s Shoulder-girdle (see his ‘ Leet. Comp. Anat.,” vol. 2,
p. 181, and * Osteol. Catal. Mus. Coll. Surg.,” vol. 1,p. 83, No. 374); butI am not aware whether
or no he considers this as an instance of the articulation of the supra-scapula with the lateral
occipital region ; if so, then I must be allowed to differ from him. Inthe work first cited (* Lect.,’
p. 181, fig. 43) the dermal bone (d. 50) is a splint of the supra-scapular cartilage (50), and
articulates with the great supra-temporal plate (d. 8), as is well shown in Huxley and Hawkins’s
“ Atlas’ (plate 5, fig. 3a); for the dermal splint of the supra-scapula is the first laferal-line
bone, and comes mnext dekind and below the supra-temporal or supra-temporals in all the Fishes
that possess such bones. But, as my fig. 7 shows, the true supra-scapnla (s.sc.) lies low down
within the great scale that invests it, and is really as free of the occiput as its counterpart in the
Placoids: 1 shall afterwards show #hat there is no instance whatever in whick the true Shoulder-
girdle is articulated fo the occiput. All the confusion in this matter is due to Cuvier’s misinter-
pretation of the first lateral-line bone (my “ post-temporal scale”) as the supra-scapula; and
on this zai/, which could not be driven into Nature’s hard wall of facfs, our great English
anatomist hung his theory of * the Nature of Limbs.

Professor Huxley, in his ¢ Elements of Comparative Anatomy’ (1864), gives a drawing (after
Miiller) of the anterior part of the head-skeleton of the Sturgeon, in which the Shounlder-girdle is
left out (see p. 206, fig. 83) ; this wood-cut shows that there has been no violence done to the
Lead by the removal of cartilages so loosely and extrancously connected with it. On the same
page we are referred to another figure (82, p. 205) in which an outline view of the dermal plates
of the Sturgeon’s head is given, the cartilage below being shown by shading. Iere the plate 7
is called a * supra-scapular bone,” and Z the ““scapula:” this seems to me to be a mistake, for the
latter is the splint to the supra-scapular cartflage, and the former is merely a huge *sunpra-
temporal.””* :

If the reader refers to Plate I, figs. 6—S8, he will see the relation of the supra-scapular splint
(p. t., « post-temporal”) to the soft endo-skeletal supra-scapula within it; if it is compared
with the figures in Plate II, it will be easily seen that this dermal bone is the true homo-
logue of the so-called *supra-scapula” of the Teleostei: in them, however, there is no endo-
skeletal piece in the inside; the supra-scapula being entirely absent, as far as I know, in
all Fishes except the Placoids and the Sturgeons. The upper fork, and all the posterior margin
of the “ post-temporal ” scale of the Sturgeon, is devoid of the ¢ ganoid ” prickly ridges (see figs.
6 and 8); this smooth thin part being subcutancous to a great degree, or at least formed by
ossification of the innermost part of the *cutis vera” The well-macerated specimen from
which these drawings were made has revealed the true scapular splint, the bone which in osseous

1 A Discourse delivered on Friday, February 9th, 1849, at the Royal Institution of Great Britain,
and published by Van Voorst, London. Our author still refers us to this work as containing his
views of the philosophy of these great questions (see ¢ Zool. Trans.,” vol. vi, part i, p. 45, 1866).

* There are scveral other points in the Fish’s skeleton in which I differ from my friend Professor
Huxley (see p. 188 of the same work; and also p. 162 of my paper *“ On the Ostrich’s Skull,” ¢Phil.
Trans.,” 1866).
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Fishes] has been supposed (by Cuvier and others) to be the scapula. As therc are still two
more dermal bones in each semi-girdle below the one in question, I was perplexed for some time
as to which of the outer shoulder-plates T must call the scapular splint: it can, however, all be
explained. Figs. 6 and 8 show this bone, which may be called the  supra-clavicle ” (s. cl.) ; it
protects the posterior face of the scapular cartilage, just down to the great scapular fenestra; and
in this half-grown Sturgeon it is 20 lines long and 4 lines in breadth. This scale has a small
canoid tract along its middle, an casy step towards its entirely subcutaneous condition in
the Teleostei; it is overlapped by the post-temporal above, whilst the lower half of its anterior
margin articulates with the great clavicle (figs. 6 and 8, p. t., s.cl., cl.). Its counterpart in other
types will be easily recognised in Plate IT; but it is not clearly shown in Huxley and Hawkins’s
¢ Atlas’ (see plate 5, fig. 34), for there arc minor and less specialised bone-grains running
behind the great shoulder-plates, and the small amount of ganoid surface which this bone pos-
sesses makes 1t difficult of discovery at first. In some instances I shall show that this bone is
not always ossified separately from the true clavicle ; but whether as a region or as a distinct
dermal plate, its identification is of the utmost importance.

The large plate next below the * supra-clavicle” at one time beguiled me into supposing
that it answered to the so-called *scapula” of authors; for it is not the lowermost bone in this
series.  As a large number of Mammals—including Man—possess the counterpart of the bone
now under consideration, its real and relative morphology must be thoroughly mastered : it is
the true “ clavicle,” and a knowledge of it must be made the foundation-stone of all our scientific
knowledge of the structures and relations of the oufer and énner Shoulder-girdle. This large ganoid
plate is rongh externally, where it applies itself to the outer part of the scapular and post-scapular
bars; and further downwards to where it articulates to the plate beneath it (Plate I, figs. 6
and 8, cl.). Itis smooth, thin, and radiating as it passes inwards, behind the operculum (sec
Huxley and Hawkins’s ¢ Atlas,” plate 5, fig. 3a; and Plate I, figs. 6—S8, cl., of this work); it is
this inner plate to the convex hinder surface of which the pre-coracoid is attached, snail-like
(fig. 7, cl, p. cr.): this point of relation will serve as a most capital landmark all the way along
our devious journey to the shoulder of the youngest-born of the Vertchbrates. Another waymark
is to be seen below ; for where the spreading, outer plate of this bone begins, below, to lose its
ganoid character, and to be overlapped by the bottom plate there, behind, the “ epicoracoid ” is
naked, and on the inner side of the clavicle a part of its snail-footed lamina is spread, the rest lying
on the lower bone (see figs. 6—S8, cl,, i.cl., p.cr.). The eye will rest on this landmark when the
complexities of the Reptilian Shoulder-girdle are being sighted.

To an anatomist familiar only with the skeleton of ordinary Osscons Fishes, the bone now
to be described would be an anomaly ; it is the “interclavicle” in the nomenclature of this paper;
and in one form or another it will meet the eye until we are actually within the Mammalian circle.
This bone (figs. 6—8, i. cl.) is equal in size to the clavicle, but its ganoid part is much broader ;
this part, as in the clavicle, is bent at an acute angle on the inner plate; it is oblong, and is
notched in front and at its lower angle. The inner plate is, like that of the clavicle, convex
behind and concave towards the operculum ; it is very smooth and thin, so thin as to be fenestratc,
and its outline is four-lobed. In the Sturgeon there is this instructive condition, namely, the thin,
ontspread lamina of the epicoracoid rests upon the upper part of this iuner plate, as well as upon
that of the clavicle; and this notwithstanding the overlapping of the interclavicle (figs. 6—S):
I must recur to this when I come to speak of Polyptervs and its fossil congeners. The pre-
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coracoid creeps, snail-like, to.the very edge of the clavicle (see fig. 7, p. cr., cl.), but stops short
there : this has its morphological meaning, and it is noteworthy how true these ganoid plates of
the Sturgeon are to their endo-skcletal correlates, notwithstanding their slight specialisation from
the ordinary bony plates of the body gencrally.

The bony grains seen behind the great dermal shoulder-plates in the Sturgeon are, with the
exception of the * supra-clavicle,” in a very generalised condition (see Huxley and Hawkins’s
¢ Atlas,” plate 5, fig. 32); there are none that ean be specially deseribed as  post-claviele:” in
the Ganoid Fish with a bony endo-skeleton these can be determined. It will perhaps be said that
what T have deseribed as single platesin the Sturgeon are in reality separable into an outer and
an inner layer (a “ ganoid ” and a true skeletal part) in the embryo: to this I answer yes,—
granted ; but this arises from the very manner of the development of these plates, as I shall show
in the case of the dermal bones of the Chelonia (Plate XII); for where a thick stratum of
fibrous tissue is undergoing ossification (* parostosis ”), the caleified tissue is always in lamine,
which are more or less distinct at first; these may coalesce entirely, and the bony matter grow
peripherad, so as to leave a very thin “ quick ” for the equally thin cuticle, and it may at the same
time grow cenfrad, working its way into the subcutaneous tissue, and .shooting along aponeurotie
septa. In the higher types of Fishes the bones that are correlated to the endo-skeleton are, for
the most part, largely extended, separate ossifications of this inner web ; whilst the sub-peripheral
stratum is ossified from many hundreds of points; which points form the nueclei of the exquisite
“ cyeloid” and “ ctenoid ” scales, that have no more special relation to the cndo-skeleton than
what is to be seen in the “ placoid ” grains and #%orzs in the skin of the Sharks and Rays.

B. Ganoids with well-ossified endo-skeleton,

Lizample 1.— Polypterus Bickir, Geoff.

In describing other instances of the Shoulder-girdle in the true Ganoids, I shall make
frec use of Professor Huxley’s masterly Memoir on this Order,' referring to his fignres, and
endeavouring to give a correct nomenclature where the author—wise in his doubts—has left the
terms in a provisional condition. '

At page 22, two figures (16 and 17) are given (after Miiller, but ¢ somewhat differently
named”). In the upper view the * post-temporal 7 plate is lettered s.s., it answers to the
so-called * supra-scapula” of the Teleostei: it is a mere supero-lateral ganoid bone; the first of
the kind belonging to the trunk. Articulating with this bone, by a hinge-joint, is another broad
but strong bone, whieh has scarcely any ganoid structure, for it lies deeper ; it is seen in shade in

1 ¢« Memoirs of the Geological Survey of the United Kingdom,’ g Figures and Descriptions illus-
trative of British Organic Remains,” Decade 10 ; London, 1861. I would also refer the reader to J.
Miiller’s work on *Fishes,” ¢ Ueber den Ganoiden und den natiiraliche System der Fische,” 1846.
Also to the works of Agassiz, viz., his “ Vieux Grés Rouge,” and his  Recherches sur les Poissons
Fossiles,” 1844; to Hugh Miller’s ‘0ld Red Sandstone,” 1841; and to Professor Pander’s work, ‘Ueber
die Saurodipterinen, Dendrodenten, Glyptolepiden, und Cheirolepiden des Devonischen Systems,” 1860.
Moreover, as my space does not admit of figures to all my instances, I must refer the reader to the
beautiful skeletons of Polypterus, Amia, and Lepidosteus in the Hunterian Museum.
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fig. 16, but the letters sc. are wrongly put to the bone below it. In fig. 17 it is marked 2 and sc.,

and it is largely overlapped by the operculum (Op.) and in its turn overlaps the bone below it ; it

is not the scapula, but a subeutaneous bone, the “supra-elavicle.” The bone below, which passes

obliquely inside the base of the last, is the true clavicle; it is marked C, meaning that it is Owen’s

“coracoid : ” it is subcutaneous, like the last ; is broad at the top, and pinched at the middle; and

lower down it broadens, passes inwards, becomes blunt-pointed, and is separated from its fellow

by about 3 lines. Onits inside, its middle third is in relation with the Shoulder-girdle proper (fig.

17, 1), which is very small, but is ossified. The lower bone (fig. 17, ") does meet its fellow, .
and it is formed by the ossification of a more external part of the skin; it overlaps the base of
the clavicle, underlying it, and passing mesiad to meet its fellow : this is the *interclaviele.”

Now, we saw that in the Sturgeon the four dermal additions to the Shonlder-girdle moiety had

all more or less of the ganoid surface besides the subcutaneous lamine, and that the second

of thesc—the ° supra-clavicle” (see Plate I, figs. 6 and 8, s. cl.)—had very little; so now we

see in the Polypterus, which comes much nearer the Teleostei, that only the uppermost and the

lowest of these bones retain the ganoid surface. In the Sturgeon the lowest over/aps the one

above it, and yet is in relation with the soft  epicoracoid ” (see Plate I, figs. 6—S8, e.cr., cl,, i. cl.).

But Miiller’s figure shows another plate (marked y in fig. 17); it is overlapped by the supra-

clavicle (z) in front, and by the clavicle () below. If the reader will refer to Professor Hyrtl’s

preparation in the Hunterian Museum, he will see another plate, which lies behind and wifkin

the one in question; this last is the  lower post-clavicle,” and the bone y is the * upper post-

clavicle.” Now, if we turn to the large skeleton of Polypierus Bickir (marked ““327 37) we shall
see three succeeding vertical rows of such bones: the first row only comes under my nomenelature.

The uppermost of this first row is the bone which next succeeds to the so-called * supra-scapula,”

or the * post-temporal : ” its true counterpart is the second “ lateral-line ” bone of the Teleostei
(see Plate II, fig. 12, 1.1. 2): the middle and lower bones are the “upper” and ° lower
post-elavicles.”  Fig. 17 of Professor Huxley’s Memoir has the coracoid marked Z; the
scapula, above it, is not lettered. These bones are also figured in Professor Owen’s ¢ Lectures’
(1846, Vol. 2, p. 122, fig. 41); here 54 is, in my opinion, the scapula, and 55 the coracoid.

Referring to the skeletons we find that the whole moiety of the Shoulder-girdle is a small semi-
lunar plate deeply notched in front (this is the ¢ coraco-scapular notch ), and having one bony
centre for the scapula, and one for the coracoid: the whole of this plate is too small to reach
either the “ supra-clavicle” above, or the * inter-clavicle ” below ; it lies inside the middle third
of the clavicle. -

Ewample 3. —Calamoichihys calabaricus, J. A. Smith.

Since the above was written I have been able to obtain a specimen of this newly dis-
covered Ganoid Fish (a sub-generic form of Polypterus) from Old Calabar. In the °Annals
and Magazine of Natural History’ for August, 1866, pp. 112—114, there is a description of this
Tish by Dr. J. Alex. Smith, with remarks upon its internal structure by Dr. Traquair.!

The woodcuts (p.16, figs. 1A, 1B, 1C) show the part of this Fish’s structure with which I have
to deal: fig. 1, A and B, magnified five diameters, and fig. 1 C, ten diamcters : theentire specimen
measures 8% inches in length. The three upper dermal shoulder-plates (fig. 1A, p. t., s. cl., cl)

! Communicated by Dr. Smith, from the ¢ Proceedings of the Royal Society of Edinburgh.’
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are very strong and ganoid; the post-temporal (p.t.) is strongly attached to the oceiput, has a
large ganoid surface, round behind, and oblique in front; and nnder the oblique end is a strong
subcutaneous peg for articulation above. The supra-clavicle (s. ¢l.) is overlapped above by the
last; it is leaf-like and carinate a little in front of the middle; sinnous and notched behind its
blunt inverted apex, and hollow within (fig. 1 C). The clavicle (cl.) has a spatulate ganoid region
which is twice as large as an ordinary scalc of this Fish; but its subeutaneons part is very much
larger than the exposed part (figs. A and B, cl.), is like a strong curved nail with the liead split, and
is strongly grooved within (fig. C). Above the hinder part of the hiead of the clavicle is the post-
clavicle (figs. A and C, p.cl.); it is a slightly modified ganoid plate, enamelled on the outside:
hollow within, notched above, and rounded below. The clavicle stands on the zuuzer edge of
another large ganoid plate, a little behind its middle, this is the interclavicle (figs. A and B, i. cl.).
Itis a most elegant plate, with three sides, the upper concave and sinuous ; the hinder transverse
and sinuous ; the lower or submesial straight and then notched (fig. B). This interclavicle has no
aponeurotic portion ; it is thin, marked with ridges of enamelled elevations that run parallel with
its outer superior margin, and it has its upper end (which lies a little behind and below the ena-
melled part of the clavicle) lobate. . This plate and its fellow are the serial homolognes of a pair
twice as large, that lie between the mandibular rami ; these beautiful lanceolate plates (fig. 1B, ju.) -
are the ““jugulars”’—very characteristic of the Ganoidei, but occurring also in a few Clupeoid
Teleostei (in Megalops and Elops, according to Cuvier), and, as I have recently found, they exist
likewise in the Lophobranchii.

Tnr SHOULDER-PLATES OF CALAMOICHTHYS.

Frec. 1C.

(Magn. 10 diam.)

(Magn. 5 diam.)
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The coraco-scapular plate is entirely unossified, as in 4miz and the Lophobranchii, and it
has no “ fenestra ” (fig. 1 C, sc. cr.): there is, however, an ovoidal scooped space on the inner
side. The scapular region (sc.) is pointed above, in front; behind, it forms a thick, cleft boss—
the glenoid elevation and depression: below this part it gradually becomes narrower ; has sinuate
edges, both before and behind ; and ends below in a broad three-toothed oblique margin, which is
very thin. The arm-plate, altogether, is oval, with the broad end behind ; its first moiety is partially
subdivided into three rays—pra-brachials (see fig. 1 C, p. b. 1—38). The upper and lower
pra-brachial rays are long sigmoid rods, soft at the ends, continuous proximally, the lower being
the longest by one-fourth. Between these rays there is a large, pointed, oval leaf of thin clear
cartilage, it is continuous with the upper ray, distally, which is lobulate where it runs into
the leafy plate.. At a little distance from the evenly semicircular posterior end of this flat
middle preae-brachial (p. b.2) there is a second crescentic row of post-brachial rays, thirteen in
number (fig. 1 C, pt. b.). The two uppermost are unossified, as also is the lowest ; the other
ten are drumstick-like, with large soft ends projecting from the thin ectosteal sheaths: the
distal ends are almost globular, the proximal oblongo-oval.

The uppermost post-brachial ray is obliquely spatulate, the second thicker than the ossified
rays, but approaches them in form ; the lowest is a low triangle, with its base upwards. Here, if
anywhere, we have an instructive morphological condition; it has cost much labour to make
it out thoroughly, but alkalies and glycerine have made the whole of this delicate  arm ”
translucent, and patience has done the rest.!

Lizample 3.— Lepidosteus lucius, Owen.

The skeleton of this Fish (see ‘Osteol. Catal. Mus. Coll. Surg.,” vol. i, p. 82, No. 369) is
well worth careful study, as it shows a still greater approach to the typical structure.

In Huxley and Hawkins’s ¢ Atlas’ (plate 5, fig. ) there is a side view of the skull; but
only one of the bones to be described by me is seen in this figure. This is the * post-temporal ”—
a pistol-shaped bone, the hinder of the two lying above the operculum (op.); it is a strong, thick
ganoid plate, articulating with the ganoid roof-bones above and with the supra-temporals in
front. The “stock” of this bone is its smooth, rounded, lower end, which fits into a cup on
the outside of the top of a strong subcwtaneous, sickle-shaped * supra-clavicle.” This latter bone
in its turn overlaps the large, long, lunate clavicle, which, passing downwards and forwards,
meets its fellow at the mid-line without the intervention of the *inter-clavicular” pieces. The
post-clavicles may be pitched upon amongst the next succeeding dermal bones, but they have
very little specialisation. Here we have arrived at the typical condition of the supra-clavicle and
the clavicle ; but the post-temporal is still very little like that of ordinary Teleostei.

Ezample 4. —Amia calva, Linn.

In this living Ganoid there is much correspondence with Lepidosteus in the bony plates

! T should wrong my friend Mr. T. J. Moore, of Liverpool, if I were to omit to mention that
he it was who pointed out to me the paper by Dr. J. A. Smith in the ¢ Annals of Nat. Hist. ;' and,
atill better, where actual specimens could be procured, namely, from Mr. Gerrard, Jun.

3 -
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that cover the Shoulder-girdle. A fine skeleton of this Fishis to be seen (amongst Hyrtl’s prepa-
rations) in the Hunterian Museum, and in it the relations of the so-called supra-scapula are well
shown. The temporo-parietal region is one mass of ganoid bone; behind this helmet there are
two oblong bones, which become narrow where they meet at the mid-line ; these cover the supra-
occipital region. Below, and alittle behind each of these, is a squarish, thick, ganoid supra-temporal ;
and behind this is the thick external part of the * post-temporal,” the subeutaneous part of which
is triangular, and passes upwards and forwards to articulate with the inner lamina of the supra-
occipital derm-bone. The lower ganoid part of the bone overlaps and articulates with the super-
clavicle ; this 1s a lunate bone ; it is subcutaneous, and its pointed lower end overlies the great
falcate clavicle; this latter bone has no inter-clavicular bone between it and its fellow of the
opposite side. Inside these, at their junction, the anterior edge of a flat, subcutaneous post-
clavicle passes ; this bone is the counterpart of the middle bone of the three deseribed in the
Polypterus. 'The coraco-scapular cartilage inside the clavicle is soft, as in Calamoichtlys, and the
seven bony rays seem, in the dry preparation, to be obliquely attached to a cartilaginous prza-
. brachial. T cannot satisfy myself, however, on this point.

Prsces GANOIDEI (B., Fossil forms).
Ezample 1.— Glyptolemus.

As a thorough understanding of the nature of the skeleton in the Ganoids is vital, not only
to the present inquiry, but also to any investigations concerning the morphology of the skeleton
generally, I shall depart from my rule of studying only recent forms, and give some account of
the extinet types of this group of Fishes.

I shall refer the reader to the woodcuts in Professor Huxley’s memoir (quoted above), so that,
by comparison of these figures one with another, with those of recent related types, with my
figures of the parts in the Sturgeon, and in the Siluroid Callicktliys (Plate I, figs. 9—13),
and also with the skeletons of the recent Ganoids in the Hunterian Musenn, a clear view of the
structure and relations of these parts may be obtained.

Moreover, as I have to show, not only the structure of the outer and inner (or essential) parts
of the Shoulder-girdle, but also the relations that this arch has, fore-and-aft, to the rest of the
skeleton, I shall be under the necessity of giving some account of parts that are not actually
“in the bond.” r )

The Ganoids generally may, in a rough way, be said to lie between the Sturgeon and the
Polypterus, and it is of the utmost importance that the morphologist should have clear ideas
respecting the structure of these diverse recent types of this Order. The degree of ossifieation
of the endo-skeleton in the fossil genera ranged between these two extremes; but thronghout
there was evidently very little separation of the outer ganoid part of a derm-bone from the inner
or aponeurotic portion. As to the Skull and Shoulder-girdle, these parts are not in the least
ossified in the Sturgeon, whilst they have an unusual degree (for I'ishes) of bony hardness in
the Polypterus ; intermediate conditions are common amongst the extinct types. In all Fishes
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with ganoid roof-bones to the skull there is evidently only one category of bones to be seen from
the outside. In the ordinary Teleostei this is quite otherwise, for in these Fishes ecfosteal bones
of the endo-skeleton crop up and appear amongst the subcutaneous splints. Thus, in the
common Cod-fish (Gadus morrkua) cvery one knows that the endo-skeletal “ethmoid,” “pre-
frontals,” “post-frontals,” “ pterotics, epiotics,” and “ supra-occipital,” come up to the
inner face of the skin, and articulate with the swbcutancous “ nasals,” *lachrymals,” “frontals,”
« parietals,” and “ supra-temporals.” In the Trunk-fish (Osfracion) this is not the case; but
a complete helmet of hexagonal ganoid bones overlies the feeble ecfosfeal bones of the endo-
skeleton, and the generally feeble, subcutaneous (parosteal) plates that belong to the exo-
skeleton. '

Now, these latter may be separate in the Polypterus; 1 believe they are not ; but if they are, still
the bones labelled So., Bp., Pr.f., and Eth., in the figures given by Professor IHuxley, and just
referred to (op. cit., p. 22, figs. 16 and 17), are not the supra-occipital, epiotic, pre-frontal, and
ethmoid, but merely dermal bones overlying those regions, and which in different types may or
may not have endo-skeletal bones beneath them. As for the dermal bones, such as the
frontals and parietals, they may be separate from the onter ganoid plates, as in Ostracion ;
or connate with them, as in the Sturgeon. All these things must be considered before the
cranial helmets, and the overlying bones of the Shoulder-girdle in the extinct Ganoids can
be understood.

The reader may make himself certain that a// the bones which can be seen from the surface
on these Ganoids are dermal, and it is also probable that the Shoulder-girdle and Skull were very
often not ossified at all; in many cases not more than is to be seen in the Trunk-fish (Ostracion),
and in the Lump-fish (Cyclopterus) ; very seldom would the endo-skeleton come up to the hardness
seen in the recent Polypterus. Iolding these things in memory, we will refer to fig. 2, p. 2, of
Professor Huxley’s Memoir, which shows in a diagrammatic form the ganoid plates that cover
the skull, face, and shoulder of Glyptolemus.

The plate marked Z#h. is a ganoid scale covering the endo-skeletal ¢ ethmoid;” those
marked Pr. /. and Pt f. likewise cover the pree-frontal and post-frontal regions; but do not answer
to those bones in the Teleostei. Both 27 f. and P4 o. belong to the same category, and arise
from the bifurcation of the supra-temporal series; for the ‘“lateral-line” series, even in the
Teleostei, forks over the temples, to surround the eye; the super-orbitals going over the orbit,
the sub-orbitals below, whilst the pree-orbital (or lachrymal) closes in the series in front. (See on
this subject my paper on the « Osteology of the Gallinaceous Birds and Tinamous,” ‘Trans. Zool.
Soc.,” 1863, vol. v, p. 212 ; and another on the “ Ostrich’s Skull,” < Phil. Trans.,” 1866, vol. clvi,
part 1, pp. 177, 178.) The bone marked 8. is not the “squamosal ” (see my views in a note
to Prof. Huxley’s ‘Elem. Comp. Anat.,” p. 188), but the second supra-temporal; the bone
marked Bp. is the first (hindermost) of this series, and overlies the true epiotic bone or cartilage.
The next behind Zp. is the so-called supra-scapula, my “ post-temporal ” ; and the bones behind
that belong to the second thoracic-dermal cincture, some part of which is almost constantly seen
in the Teleostei as the post-clavicular series. . o. is the single ganoid counterpart of the supra-
occipital splint; I have it in the skull of a species of Anolis from Barbadoes, and 1t 1s constant,
but symmetrical in the Mammalia, lying above the true supra-occipital ; but of courseit only re-
appears as a subcutaneous bone in them. Pa., Fr., and Op. are rightly labelled, as these do truly
represent the parietals, frontals, and operculum. Professor Huxley is right (p. 40) in doubting

» ¢
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the preopercular nature of 2.o.; it is the suboperculum, which® may be seen running up in
front of the operculum in Polypferus (op. cit., fig. 17, S.0p.); and in Zepidosteus (see Huxley
and Hawkins's ‘Atlas,’ plate 5, fig. 8, 8. op.). In the left-hand figure the bone which comes
close behind the mandibular ramus is labelled S. op., or suboperculum ; but if the reader will
again refer to the figure of the Zepidosteus in the © Atlas,” he will see that the ““ inter-opercular”
bone, which in all Osseous Fishes is tied by a strong ligament to the angle of the lower jaw, is a
large, long, ganoid bone, lying at the precise distance behind the angle of the lower jaw which
is given in the diagram of Glyptolemus. If the « jugulars,” J 1 and J 2, were to send inwards
and upwards ossified aponeurotic plates, these would answer to the *splenial” and coronoid
plates that lie on the inside of * Meckel’s cartilage” in Birds, Reptiles, and Sauroid Fishes. The
ganoid plates indicated by A7. B. in the diagram are the dentaries; and the symmetrical plates
which grow towards each other behind the great jugulars (Pcf. 1 and 2) answer to the “inter-
clavicles” and lower “post-clavicles.”” The former are lettered C" in fig. 17, p. 22, in the
LPolypterus in that oft-quoted memoir; the latter have their counterparts in the Herring. (See
Plate 1I, fig. 6, p. cl. 3. Also represented in the lower half of the second infero-lateral plate of
Callichthys, Plate 1, fig. 9, p. cl.)

Lizample 2.— Osteolepis.

The restoration of Osfeolepis, which i1s given (from Pander) in the same memoir (p. 11,
fig. 8), shows a “post-temporal” scarcely larger than the ‘supra-temporals,” which are seen
running from the post-temporal to the orbit; the front bone of that series articulates with the
last suborbital—it is the post-orbital. Below the ‘post-temporal” is an enormous * supra-
clavicle;” below it an almost equally large “ clavicle;” and below that, and behind the jugular
plate, we see the “inter-clavicle.” The fringed and elongated pectoral fin is scen emerging
from its hidden root behind the junction of the clavicle and inter-clavicle: that root, the
Shoulder-girdle moiety, or * coraco-scapular cartilage,” was probably never ossified.

Piscrs pipnor.

Erample.— Lepidosiren anneetens, Owen.

For Professor Owen’s descriptions of the anatomy and relationships of this unique type
of Fish, T refer the reader to the following works,—¢ Proc. Linn. Soc.’, August, 1838, and April,
1839 ; “ Ann. of Nat. Hist.,” 1839, iit, p. 265 ; < Rev. Zool.,” 1839, p. 190; ¢ Linn. Trans.,” xviii,
p-287; ¢ Ann. and Mag. Nat. Hist.,” 1841, vii, p. 8358; “Lect. Comp. Anat.,’ 1846, vol. 1,
pp- 78—84; ‘Nature of Limbs,’ 1849, p. 92; ¢ Osteol. Catal. Mus. Coll. Surg.,” 1853, vol. i,
Nos. 350, 381, pp. 86—89. TFor Professor Huxley’s account of the affinities of Lepidosiren
the reader must consult his ¢ Memoir on the Ganoids,” p. 26.

My dissections of the Shoulder-girdle of this fish are portrayed in Plate II, figs. 1—3; the
figures represent the parts as magnified threc diameters, and the specimen (the gift of Mr.
Bartlett) was half-grown.
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Referring to these figures, it will at once be seen that there are more things in this limb-
girdle than a pair of scapule and a pair of coracoids, and that the limb will keep its place even
if the “occipital pleurapophyses” be not regarded. (See ‘Osteol. Catal.,’ vol. i, No. 381,
p. 86.) Tig. 1 b. o. represents part of the basi-occipital cartilage ; e. o. part of the “ ex-occipital ;”
pa. s. the termination of the * para-sphenoid” (of Huxley); p. b. 1 the large first * pharyngo-
branchial,” which is well ossified as a shaft-bone; and p. b. 2 the small, unossified second
‘ pharyngo-branchial.”

As to these” aufogenous upper parts of the first and second branchial arches, I claim the
discovery of the second bar. With regard to their nature, it will be remembered that Professor
Hauxley, in his ¢ Elements,” p. 208, left that undecided, but described the large bar in fig. 84,
where it is lettered y, as ““the bone which gives attachment to the scapular arch.”  Afterwards,
in conversation with him, when, after the examination of a much decayed specimen, I hinted that
it might be a separate “ supra-scapula” (as in the Sturgeon), he at once combated that view,
and suggested that it might belong to the first branchial arch. That was a true insight into
its nature; for it has, as the figure shows, another weak bar attached to it behind, and the
dissection of a wet specimen has shown me its true position above the first branchial arels,
which is at the top, and also witkin the Shoulder-girdle, altogether; moreover, that arch
has its own pseudo-supra-scapular pieces, and does not need to borrow its piers from the
arches that wall-in the pharynx. Any one familiar with the Ctenoid Fishes will know how
curiously telescopic the arrangement of the facio-faucial arches is. 1In the Dory (Zeus faber) the
corresponding first pharyngo-branchial articulates with the cross ray of the parasphenoid, close
below the “foramen ovale,” and directly below the front margin of the head of the *hyo-
mandibular.” :

In a similar manner, higher up amongst the Classes, the “stapes” of the .Bird lies witkin
the enormous ““ os quadratum.”

Here, in the Lepidosiren, the first branchial pier articulates further backwards, the upper part
of its condyle being attached to the ex-occipital (e. 0.); the middle with the basi-occipital car-
tilage (b. 0.); and the lower part with the underlying parasphenoid (pa.s.)—the great, beam-
shaped “ basi-cranial splint.” T may now throw aside these two bars (Plate II, fig.1,p.b. 1 and
p- b. 2), as not belonging to the Shoulder-girdle, and therefore having no right to further
discussion here; besides, we have a thoroughly ichthyic suspensorium at hand, in its right
place.

The upper splint of the shoulder-cincture is the post-temporal (Plate II, fig. 1, p.t.); it is a
thin, sub-falcate, subcutaneous bone ; it does not reach the epiotic region above, but is attached
to it by a band of fibre; it is also similarly tied to the bone beneath, a considerable space inter-
vening. This bone answers to Cuvier’s ““supra-scapula” in the Teleostei, and it is the exact
counterpart of the subcutancous peg which grows downwards from the hinder edge of the great
post-temporal ganoid plate of Clarias (see Professor Huxley’s ¢ Memoir on the Ganoids,” p. 30,
fig. 20, s.s.), and of the inner or lower fork of the entirely subcutaneous post-temporal of ordinary
Teleostei (see Plate 11, figs. 6, 7, 8, p. t.).

At some distance below the post-temporal the supra-clavicle (fig. 1, s. cl.) is to be seen; itis
much like the upper bone, but is straighter; and its position, relative to the cartilage within, and
the clavicle below, is exactly what has been described in the Sturgeon (Plate I, figs. 6—8, s. cl.).
Contrary to what is found in ordinary Fishes (Plate I, figs. 6, 7, 8, 9, and 12, s. cl.), it is some-
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what overlapped by the large clavicle below it, but the overlapping of splint-bones is very variable
(witness the interdigitation of the teeth of sutures); and as this bone is very thin and small,
the bone below very large and thick, and as they both are in close contact with the outer face of
the cartilage, which they invest, it is evident Ithat this is merely a matter of overshadowing growth,
having no more morphological value ‘than the variations in the teeth of a suture. Using some
degree of forecast in my comparisons, I may remark that if the outer lamina of the clavicle of
Cottus (Plate 11, fig. 12, cl., s. cl.) had grown forwards, and the inner plate had been arrested, then
the supra-clavicle would have been overlapped by the clavicle, instcad of the contrary, which
actually obtains. Again, in the Herring (Plate 11, fig. 6, cl,, s. cl., p. cl.) the largely-developed
posterior margin of the clavicle creeps within the post-clavicle as well as within the supra-clavicle.
Below, in front of, and a little outside the little thin supra-clavicle, we see the large thick clavicle
(fig. 1, cl.), which is sub-falcate in general form, scooped on, its outer dnd convex on its inner
face, and having its lower two fifths semicylindrical, the scooping being behind. This is a
strong green bone, very typically ichthyic, and, like all the splint-bones of the Lepidosiren, wholly
devoid of ganoid growth. Here we have the Teleostean Fish (excluding the aberrant Siluroids
and Hippocampoids) closely approached by this most generalised type. Amongst the Ganoids
it comes nearest to what obtains in Zepidosfeus and Amia, for it has no ““interclavicles,” and
the feebleness of the post-temporals reminds one of the Murenoids, which are actually devoid
of these bones (see Plate II, fig. 9).

Not only did Professor Owen fail to find the post-temporal and supra-clavicles, but also
the whole of the cartilaginons true Shoulder-girdle. As to this soft condition of the endo-skeletal
part of the cincture, we have an interesting correspondence with those living Ganoids,
Calamoichthys, Amia, and Sturio; and undoubtedly also with many of the forms that are
buried in the primary rocks; and as we shall soon see, with the existing Hippocampoids.
The coraco-scapular plate (fig. 1, sc. cr.) is scarcely half the size of the clavicle—a thoroughly
ichthyic character; it is not unlike that bone in shape, being narrow above and in front, pro-
jecting backwards as a broad plate in the middle, and then narrowing to a blunt point below.
It cleaves to the inner face of the clavicle and supra-clavicle, growing a little in front of the
former, but not so high as the latter; there is a thin stratum of fibrous web between them.
Behind, the upper moiety of the broad part is formed into a pedicellated cup—the true “ glenoid
cavity” (gl.); below the glenoid part there is a thin broader projection, which ends in a rather
sharp angle, where the cartilage becomes suddenly cut away, in a crescentic manner, behind ; the
anterior margin is gently sinuous. A transverse line passing across the glenoid pedicel would be
the base of the scapula; the rest belongs to the coracoid; this region has scarcely any projection
forwards that can be called * preecoracoid.” Now, whilst the Lepidosiren agrees with the
Ganoid genera Amia and Sfurio in having an unossified Shoulder-girdle, it also equally
agrees with the Placoids in having a well-developed epicoracoid belt (figs. 1, 2, 3, e. er.).
Professor Owen, speaking of the Sturgcon, expressly says (‘ Lectures,” vol. ii, p. 133) that “ the
scapulo-coracoid arch is completed below, as in Lepidosiren, by ligamentous union, not, as in
. Sharks, by cartilaginous confluence.” True, indecd, as to the Sturgeon, but erroneous as to
the Lepidosiren. = Originally, the epicoracoid mass must have been double; and perhaps in a
very early stage each moiety was continuous with the coracoid proper, but a wide transverse
cleft is scon formed, such as is seen between the scapula and the coracoid in Cottus (Plate II, fig.
12, sc. p.cr.), and in other Tishes with large brachials, e. g. dnarriichas, Trigla, &c. Above, this
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spindle-shaped, bi-polar bar is cupped in its broad middle part (fig. 2); below (fig. 3), it is sub-
carinate ; each ramus ends in a blunt point, and is sheathed below and behind, by the scooped
lower end of the clavicle. Ilere we stand, as it were, with one foot amongst the Plagiostomes
and the other planted within the Teleostean boundaries ; and the epicoracoids are cut off from the
coracoids, that Nature may be ready to throw them aside when she comes to the typical Fishes.
The Amphibia, which are also Dipnoi, will require these plates again, enlarged and expanded,
to form in them a double-breasted vestment of cartilage; in them these cartilages will be found
to be continuous with the main part, a character not to be lost again until the observer has
risen above the Monotremes; the parts themselves, however, are to be found even amongst
the Bats. Notwithstanding the Placoid character of the epicoracoids, there is nothing like the
Microscopic bony pavement of the Sharks and Rays, and the livid colour of the cartilage is in
strong contrast with the sea-green colour .of the bones outlying it. In all the long rods of
cartilage the Lepidosiren agrees with the Sturgeons and Teleostei in having the ossification of
the ectosteal kind (fig. 1, p. b. 1), but, as in the Sturgeon and some of the Teleostei (e.g.
Gobius, Cyclopterus,) it is very feeble and arrested.

The rays of cartilage (wholly unossified) in the long, fringed (* crossopterygian”) fin are
rather compressed from side to side (fig. 1, c¢. 2), and are about three times longer than
they are broad. The convex proximal end of the first, or humerus (h.), articulates with the
glenoid cup (gl.); then comes the radio-ulnar (r. u.); first carpal (c. 1); second carpal (. 2); and
phalanges (ph.) ; the smallest of those shown in the figure are the 20th and 21st; but these were
not the terminal segments.

Piscus TELROSTEI (4. Siluroider).
Erample 1.—Callichthys littoralis, Giinth. (the Round-headed Hassar).

My figures (Plate I, figs. 9—13) of this exquisite fish are from a specimen five inches in
length, and are magnified two diameters. As this fish lies in the very channel which leads from
the Ganoids to the 'L'eleosteans, and as the outer and inner bones of the shoulder-girdle
cannot be understood irrelatively, I shall make lttle apology for describing parts that lie beyond
my border. If Clarias be valnable as throwing light upon the fishes of the Old Red Sandstone,
a still more important link is found in Callickikys, a Siluroid in which the ganoid plates are
much more abundant and perfect. All the bones that can be seen in this fish immediately
beneath the extremely thin cuficle are dermal; but the anterior and under parts of the face
are covered with thick skin, beneath which are to be found both snbeutaneous dermals and
true endo-skeletals. All the bones that appear with their dense enamel-like coat at the
surface have unpolished parts hidden below, but I can find no separation into distinet ganoid
and subcentaneous bones in any region of the exo-skeleton. Such a separation does occur
in the Lophobranchii, as I shall soon show. In Plate I, fig. 9, there are no subcutaneous
bones shown; and, indeed, the pre-maxillaries, maxillaries, dentaries, angulars, preoperculars
(squamosals), inter-operculars (the sub-operculars are wanting), branchiostegals, and the so-called
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uro-hyal—all these are subcutaneous, and the skin over them is very thick. The endo-skeletal
sknll-elements, like those of the rest of the skeleton, are converted into strong fibrous bone, and
it is impossible that any of them should be seen from without, seeing they are all covered with
the dense ganoid helmet. This splendid armour must be removed before the pre- and post-
frontals, the ethmoids, the pterotics, the epiotics, and the supra-occipital can be displayed on the
upper part of the head; the Shoulder-girdle, also, is almost entirely hidden within the huge
enamelled shoulder-plates ; the glenoid bosses just peeping out between the joints of the harness
(see fig. 9, gl.).

On the head there may be seen the guasi-cthmoid or meso-nasal (Plate I, fig. 9, m. n.);
two nasals (n.); two. frontals (f.), separated by a large fontanclle (fo.) for the most part, but
united by suture. at each end; two lachrymals or pra-orbitals (1.); two suborbitals (su. 0.); two
post-orbitals (pt. o.); two dermo-post-frontals (d. pt. f.); one large parietal (p.); two large
dermo-snpra-occipitals (d. s.0.); two dermo-epiotics (d. ep); two large supra-temporals (s. t.);
and two operculars (op.). Tach frontal is pierced near its middle, and each dermo-post-frontal
near its lower margin, for a mucous duct. Each supra-temporal is pierced in four places for
duets, and slit through near the top to form the spiracular chink. Behind these plates the whole
hody is enveloped in a right and left series of supero-lateral plates, and the same of infero-lateral
plates ; the first cincture is further subdivided over the Shoulder-girdle, and the last cincture over
the base of the tail-fin. The supero-lateral bones are directed downwards and forwards, the
infero-lateral downwards and backwards (Plate I, fig. 9); they end in a blunted triangle, and
the lower part of the upper plates overlaps the upper part of the lower. The upper and lower
plates are very much alike; they are equally arcuate, equally convex (at their junction they form a
shallow furrow), and of equal width and length ; but thereis this difference, namely that near their
base the upper ones are pierced in front and notched behind for mucous glands. If this portion
were cut off by a suture in each upper plate we should have the ““lateral-line” mucous bones of
typical Teleostei; this does take place in the first cincture (fig. 9, p. t.); this tuberous, doubly
notched bone being the supra-scapula of authors, but entitled ““ post-temporal” in this Memoir.
There are twenty-five of these cinctures, which "are not perfect either above or below, as they
leave a space both on the spinal and the abdominal line. Above, the broad-topped supero-laterals
of the first body-belt meet by a long suture, like the symmetrical dermo-supra-occipitals (d. so.
s.1. 1); the second supero-lateral, which has undergone no segmentation below, scarcely meets its
fellow of the opposite side, but, retiring from it behind, leaves an interspace which is filled up
by a highly polished, crescentic, dermo-spinal (fig.’ 9, d. sp. 1). Next behind this comes the
symmetrical, but coalesced, first ray of the first dorsal fin (d. sp. 2); it is a stont, sharp spine.
Then follow seven feebler, symmetrical, jointed rays, and these are succeeded by ten polygonal
ganoid plates (fig. 10, d. sp., shows five of these), which begin to be ridged and spinous behind,
the last but two having a small prickle, and the last a strong spine; these have the single
coalesced spine of the “ second dorsal” coming next; then the dermo-spinals are absent over two
cinctures, where the little fin-flap is attached; behind the ‘“second dorsal” there are three or
four symmetrical bones, flat at first, but passing gradually into the strongly spinous, symmetrical
rays that form the base of the upper lobe of the *caudal fin.”

Below, the small subcutaneous “ basi-branchiostegal ”—the so-called ““ uro-hyal ”—is the only
azygous bone until we' come to the space between the “anal fin” and the lower lobe of the
“caudal fin ; in that interspace there are two very convex ganoid plates, followed by the sym-
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metrical rays of the lower caudal lobe. There is no true spinal derm-bone in the head; the first
body-belt has none (s. 1. 1); the two supra-occipital derm-bones, the single parietal, the sym-
metrical frontals, the single dermo-ethmoid,—all these are serial homologues, whether azygous or
symmetrical, of the upper three fourths of the supero-lateral plates, and not of the dcrmo-spiflals
(Plate I, fig. 10, d. sp.). The segment which is cut off from the first *supero-lateral,” and
which is continuous in all the rest, save the last, or 25th, reappears (homologically) in the
head, as the supra-temporal (s. t.); then this series becomes double, and we have the  dermal
post-frontal ” (d. pt. f.), post-orbital (pt. o.), sub-orbital (su. 0.), lacrymal (1.), and nasal (n.).
The first infero-lateral plate is subdivided on the left side into two, and on the right side into
three plates ; these are in relation with the Shoulder-girdle, and may be called supra-clavicle {s. cl.),
clavicle (cl.), and inter-clavicle (i. cl.) : I shall describe these anon. But this subdivision becomes
greater in the head; the opercular (op.) repeats the snpra-clavicle, and the sub-opercular (mot
present in this Fish) the claviclc: in this,—the ““hyoid” dermal cincture,—we have, delow, the
branchiostegals, and the so-called uro-hyal as a lower spine-bone. In this Fish, as in the Cypri-
noids, there are only three branchiostegals; but in “the clupeoid Elops there are more than
thirty” (Owen, ‘Lectures,” vol. ii, p. 115). This lower part is thus seen to correspond with the
inter-clavicular region. 'The opercularhas the squamosal (pre-opercular) as its homotype, and the
sub-opercular is preceded by the inter-opercular (see Huxley and Hawkins’s ¢ Atlas,” plate 5, fig. 2,
where the letters P. op. are by mistake put to the quadratum of Zepidosteus ; the pre-opercular is
the large sickle-shaped bone above I. op.). The lower hyoid and the inter-clavicular regions have
their homotypic scales in the jugulars (not present in Callichthys) and in the splints of the man-
dible : the splints (subcutaneous bones) in front of and above the mouth must be left until I have
time to work out the whole skull ; the premaxillaries, maxillaries, jugals, quadrato-jugals, pterygo-
palatine splints, and parasphenoid, all come under this category, and must all be studied in
relation to the bony armour generally. Nevertheless, what has just been written is necessary for
right views upon the parts that enclose, and often become isomorphic of, the true Shoulder-girdle.
I must now return to these Shoulder-plates, but the post-temporal necd not be further described.
The supra-clavicle (fig. 9, s. cl.) is an oblong plate, turned obliquely downwards and forwards,
and overlapping the equally oblique upper margin of the clavicle (cl.) ; it is not separate from the
clavicle on the left side, but the subcutaneous peg which articulates with the post-temporal is
scen in figs. 11 and 12, notwithstanding its connate condition in that left plate. It has a large
ganoid surface ; the subcutaneous part being the process which passes within the post-temporal ;
the antero-superior margin, which is overlain by the supra-temporal; and the antero-inferior
margin, which passes within the operculum (fig. 9, s. cl, p. t., s. t., op.). *

The clavicle (figs. 9, 11, 12, and 13, cl.) of Callickiliys would not, at first sight, be recognised
as such ; this arises from the continuity of its essential part with a large ganoid plate: this plate is
distinct in the Lophobranchii; and thus the typical clavicle is at once understood. The outer
aspect of this bone (fig. 9) is that of a triangle, with the anterior angle produced downwards and
inwards, in front of the inter-clavicle (i. cl.): but there is a large subcutaneous plate hidden in
this aspect, which forms the hinder wall of the gill-opening. The concave anterior aspect of this

! This bone is enough to deceive the shrewdest anatomist ; it is truly a meso-nasal: Professor
Owen’s “nasal” (see ‘ Lect., vol. ii, p. 100) is the true “ ethmoid,” and lies beneath it: it is lettered
eth. all through Mr. Huxley’s Memoir.

4
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inner lamina is seen in fig. 11 ; its hinder convex aspect is seen in fig. 12 ; here it is seen to
resemble, very accurately, a semi-lunar aortal valve: part of this half-moon-shaped plate belongs
to the supra-clavicle. The extension downwards of the clavicle enables each bone to meet its fellow
at the mid-line; but the suture is of short extent (fig. 13, cl.) DBehind this descending part
there is a large semi-elliptic notch, which is converted into a foramen by the inter-clavicle :
through this space the “ glenoid ” bosses (gl.) of the coraco-scapular plate pass. :

The inter-clavicle (i. cl.) forms a large base to the clavicular triangle (fig. 9); 1t is articulated
to the clavicle by a finely toothed suture, which is broken at the great passage for the pectoral
fin. The lower margin of the ganoid plate of the clavicle is convex,—the corresponding upper
edge of the inter-clavicle concave : there is a shallow fossa along this line, in which the pectoral
fin lies when at rest. Nearly the whole of the inter-clavicle is ganoid (see fig. 183, i. cl.); the
subcutaneous part is triangular, and with the corresponding part of the opposite side forms a
lozenge, the halves of which are united by a strongly toothed suture: more than two thirds of
the inner margins, of these bones are free, and diverge more and more behind. Here, in this
Siluroid, we see very much of the Sturgeon, and a great unlikeness to the typical Teleostean ;
but the clavicles do meet below, as in the latter.

There is still another plate which has relation to the Shoulder-girdle; this is the *second
infero-lateral ” or “post-clavicle ” (fig. 9, p. cl.), the subcutaneous part of which is represented
by one, two, or three bones in the Teleostei proper. (See Plate I, fig. 14; and P 11, figs.
6 and 8, p. cl.)

If only the inner part of cl. and p. cl. in fig. 9 were developed, then the latter would at its
upper part pass in behind the former at an angle a few degrees below a right angle. (Compare
Plate I, figs. 9 and 14 ; and Plate II, figs. 6, 7, 8, and 12, cl. p. cl.)

SHOULDER-PLATES OF SILUROIDS.

A. CarLuicuruYs : left side; inner view. B, C. Crarias: left side; B inner, and C hinder view.

Fie. 2 A, Fr1e. 2 B, Fi6. 2 C.
(Magn. 4 diam.) (Nat. size.) (Nat. gize.)
s. cl.
' el.
c.s. f. cr. f.
gl.1 c. fm.
gl.2 (i
icel
gl.3

i cl.
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The true essential Shoulder-girdle moiety is very small relatively to the great dermal plates
that outlie it (see fig. 12, sc. p. er., cr.); but it is highly ossified, and partly anchylosed to the
dermal plates : moreover, its own three elements are to a considerable extent coalesced. The early
condition of the Shoulder-girdle of this Siluroid is persistent in the Trout and Herring (see
Plate II, figs. 4, 5, 7, 8); and in them the relations of the scapula (sc.), pre-coracoid (p. cr.), and
coracoid (cr.) are clearly shown.

* The threc glenoid bosses (P1. I, fig. 11, gl. 1, 2, and 3) are arranged in a curved manner ;
the upper looking forwards and outwards, the middle backwards, and the lowest backwards and
outwards : they articulate with the large, uppermost dentate ray (or spine) of the pectoral fin.
These oblong, convex condyles belong principally to the scapula (sc.), and they are partly
articulated with the three brachials, which are slightly displaced by the dermal ray, whilst the ray
itself articulates both with the scapula and the clavicle. There is a large *coraco-scapular
fenestra” (see fig. 12), and in front of it a smaller “scapular fenestra;” so that here, as in the
Skate (Zaia), there is a scapular, a meso-scapular, and a pree-scapular bar. The pre-scapula
sends backwards a bony style, inside which the pointed pree-coracoid passes; these two are
strongly tied together, to form the bony bar seen at p. cr. in fig. 12. There is a large
“coracoid foramen” (see fig. 2 A, c. fm.) at the root of the pra-coracoid (see fig. 12); it lies in
the angle of the *coracoid notch” (cr. n.); the main coracoid (cr.) is deeply grooved within,
it 1s almost anchylosed to the inter-clavicle, and ends in a point within and behind its last
sutural tooth. It must be remarked that the scapula is very low and broad, so that the
glenoid bosses lie obliquely behind its upper part: their high position arises from their relation
to the “pectoral dermal spine.” Professor Huxley, in his invaluable * Memoir on the Ganoids,’
pp- 34, 35, speaks of the inter-clavicle as “the so-called radins™ (p. 85, fig. 21, d); but it has
nothing to do with Professor Owen’s “radius,” which is in reality the coracoid. (See Plate I,
fig. 14, cl. cr., for an easy explanation of the manner in which this mistake occurred; for the
coracoid of the Siluroids, as we have just seen, is anchylosed to the inside of the inter-clavicle,
but in fig. 14, which shows these plates in the Dory, the coracoid is exposed, having no inter-
clavicle outside it.)

The Woodent (fig. 2 A) will give a clearer idea of the structure and relations of the Shoulder
girdle and its splints in Callichtlys than the figures in Plate I. This sketch represents the parts
as magnified four diameters, and the dermal bones are partly left in outline. The scapula
(sc.) 1s seen to rise but little above the glenoid bosses (gl., 1, 2, 3), and the manner in which the
scapula sends a style across to that of the pre-coracoid- (p. cr.) is clearly shown; so also is the
coraco-scapular fenestra (c. s. f.), the scapular fenestra (s. f.), the coracoid foramen (c. fm.), and
the deeply grooved coracoid itself, strongly attached to the inter-clavicle (i. cl.), which hides it on
the ontside. Above the scapula, part of the deeply scooped facet for the pectoral spine is seen in
the angular space of the clavicle (cl.).

Lizample 2.— Clarias capensis.*

For illustration of the Shoulder-girdle in this Siluroid I may refer, not only to the Wood-
cuts (figs. 2 B, 2 C), but also to Huxley and Hawkins’s ‘Atlas,” plate 11, figs. 114, 114, and to the

! From a dissection of one of Professor Huxley’s specimens from Congo, mentioned in his ¢ Memoir
on the Ganoids,” p. 33. )
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¢ Memoir on the Ganoids,” figs. 20, 21. The post-temporal plate (ibid.,, p. 30, fig. 20,
S. 8.) has a large ganoid portion flush with the top of the flat skull, and articulated by suture
with the supra-temporal (8. 7°) and the parietal (Pa.—ZEp.). Behind, it-sends downwards a strong
peg of subcutaneous bone, which articulates with the anterior or supra-clavicular fork of the
clavicle.

There are only two other dermal bones in relation with the true Shoulder-girdle; for the
supra-clavicle (‘Atlas,” plate 11, fig. 11@) is not separate from the clavicle (), but the inter-
clavicle (4) is nearly as large as the clavicle. 'These bones are very strong and fibrous, and only
part of the clavicle—namely, the middle third below the pectoral fin, and the prickle in front of it
—has any “ganoid” thickening. The junction of the dermal moieties below is very strong
indeed (see ‘Atlas,” plate 11, fig. 114, and ‘Mem. on Gan.,” p. 35, fig. 21), the sutural teeth
joining the inter-clavicle being especially large. As the true Shoulder-girdle is at first sight
almost indistinguishable in the adult, I shall describe its outlines first. The Woodeut (fig. 2 B)
shows these parts, full size, the view being the inside of the left moiety; and it is seen that the
inter-clavicle (i. ¢l.) mounts up nearly to the division of the clavicle into a supra-clavicular and a
clavicular fork (s. cl., cl.). Here.is seen at once a notable divergence from the structure of
Callickthys ; and it. may be remarked that a Memoir on the Osteology of the Siluroids would
be a great treasure, for these Iishes bridge over the space between the Ganoidei and the
Teleostei; for if my. first two instances, taken at haphazard, differ so intensely, it follows, of
course, that this great group would show a most instructive diversity. The clavicle is extremely
thick where it'is deeply notched for the pectoral fin, having inside this part a deep crescentic
condyloid excavation for the serrated dermal ray (Woodcut, fig. 2 C, ¢l.). Its middle third is
somewhat enamelled below the hinge. 'This part is shown to be divided by a groove from the
posterior third, in the hind view (fig. 2 C). Itis well bent on itself, is concave within, and, gradually
widening below, runs into a large angular plate, which meets its fellow of the opposite side, and
is interlocked by rather small teeth. The inter-clavicle (i. cl.) is two-thirds the size of the clavicle,
and has much in common with it. On its hinder margin (fig. 2 B, i. cl.) it sends upwards a
prickle, then expands in an elegantly erescentic manner, narrowing again half an inch below the
fin, where it is considerably overlapped by the clavicle (fig. 2 C). Both these bones send
inwards an ‘‘ aponeurotic” lamina; and these lamine, joining together within and behind the
hinge, form a bridge over a deep rounded valley (fig. 2 B). There isa lesser valley behind the
lamina of the inter-clavicle and its posterior crescentic expansion, and in this valley lies the
coracoid (cr.). Above the hinge the two bones form another valley, deep and ditch-like. This
contains the upper part of the scapula (fig. 2 C, cl. sc.). The true Shoulder-girdle can only be
seen by using the pocket-lens; then its different texture comes out; but it is entirely anchylosed
to the great splints. In fig. 2 C, the scapula (sc.) is seen bridging over the bottom part of the
deep upper valley ; below this it is lost in the glenoid masses formed by it and by the clavicle
and inter-clavicle. A large bristle may be ‘passed beneath the scapular bridge (fig. 2 C, sc.).
The coracoid (cr.) may be seen in the postero-inferior valley, the bottom of which it fills, and in
it may be seen the coracoid notch converted into a fenestra by the inter-clavicle (cr. f., i. cl.) ; and
directly behind this another.landmark, the coracoid foramen (fig. 2 B, c. fm.), can be clearly seen:
so that, although the two great splints are persistently separate, yet the elements of the essential
Shoulder-girdle are not only entirely fused together, but also with the enclosing splints. They
are very minute relatively, more so than in Polypterus, Amia, or Callichthys. There are only two
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brachials (fig. 2C, b.); they are flat, but thick, and the upper is twice as large as the lower;
they are articulated to a ridge of the inter-clavicle; for the large complex condyloid facets of
the great, serrated dermal spine of the pectoral fin takes up the room due to these true
limb-rays, and acquires, moreover, a large amount of articular surface on the clavicle and inter-
clavicle besides. The remarkable trumpet-shaped cavities behind and below §. 8. and §. 0., shown
in Professor Huxley's figure (‘ Mem. on Gan.,” p. 30, fig. 20), belong to the “atlas” and “axis”
vertebree, and they are strongly attached to the post-temporals and clavicles at their point of
junction ; they lodge the lateral cornua of the three-lobed air-bladder. These cavities are very
imperfect below; but this deficiency is largely supplemented by a transverse splint on each side,
attached, below, to the anterior edge of the great semi-cylinder of the “atlas.” There is a
smaller splint in each cavity, and two still smaller splints eke out the mouth of each of these
trumpets. The large obliquely transverse splints (they are somewhat turned backwards) meet
within a line and a half below the centrum of the *“atlas;” between and behind the splints, this
and the next centrum are deeply grooved.

I mention this structure to exclude the attached splints from the clavicular category, although
I shall have to describe a splint similar to the largest which is really correlated to that system in
Ostracion ; also to show the relation of this structure to what is seen on one hand in the Cypri-
noids, and on the other in certain Gadoids, e. g. in the Hake (Merlucius vulyaris, Cuv.).

Nor, in considering the multifarious affinities of this type, must the elegant gill-arch
flaps, with their cartilaginous rays, be forgotten; a structure repeated from the Plagiostomes :
nor must we omit to mention the remarkable dendritic gill-tufts in this Fish which made Geoffroy
give it the title Heterobranchus (Clarias, Gronovius). (See Cuvier’s ¢ Animal Kingdom,” Griffith
and Hamilton Smith’s Transl., p. 408.)

The figure given by Professor Huxley (op. cit., p. 34, fig. 20, from Cuv. and Valenc.
‘Hist. Nat. des Poiss.”) of Arius rifa shows the heart-shaped ganoid portion of the post-
temporal,” and directly below it an enormous oblong plate, which is the outer part of the
clavicle. It is possible that if this were examined carefully, an inter-clavicular portion might be
seen even from the surface. On the next page (fig. 21) there is an outline sketch of the hyoid
and thoracic plates of ZLoricaria, scen from below. In this fignre, ¢ is the clavicle; & the
inter-clavicle. In the Hunterian Museum (see ‘ Osteol. Catal.,” vol. i, p. 23, No. 70) there is a
very valuable skeleton of a Si/urus, in which the inter-clavicles are very strong; and where the
post-temporals and clavicles have a ganoid portion, the former is bifurcate above, thus showing
an approach to the ordinary Teleostei.

FossiL SiLurotps.

In the Memoir just quoted, Professor Huxley (pp. 29—37) gives his reasons for placing
Coccosteus ““in a place near, if not among, the Siluroidei;” fig. 19, p. 30, shows an outline plan
of the skull of this extinct Fish. Here S, s, is the post-temporal plate ; and 3, the next supero-lateral
plate—its serial homologue. The clavicle is lettered ¢, and it seems to have no supra-clavicular
bone segmented from it. The large bones below are best seen in fig. 21, p. 35; where ¢’ is the
huge inter-clavicle ; and it will be seen that in this bone we have the counterpart of the lowest
bone in the dermal Shoulder-girdle of the Sturgeon (Plate I, figs. 6—8). In the Siluroids the
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clavicles meet in front of the inter-clavicles ; not so in St#rio and Coccosters. The bones lettered
d’ may either belong to the post-clavicular cincture, or they may answer, in their subcutaneous
portion, to the second pair of inter-clavicular bones soon to be described in the Lophobranchii.
The key-stone pieces &, e, are the exact counterparts of the first two “ abdominal-line ” plates of
the Lophobranchii,—e. g. Hippocampus, Syngnathus, Phyllopteryz. Counterparts of these bones
are also familiarly known in the Clupeoids (see Yarrell’s ¢ British Fishes,” 1836, vol. ii, p. 107 ;
where a figure of one of these, from the Pilchard, is given). As it is necessary to call in the
Sturgeon and Sea-Horse to explain the Coccosteus, it may, perhaps, be well to leave its classifi-
cation In a provisional condition for the present.

B. LorHoBRANCHII.

The Siluroids once passed, a great change is seen even in those Fishes that still retain the
ganoid armour ; for the inner portion of the dermal system of bones is now differentiated from
the outer, and is correlated more perfectly to the contiguous parts of the endo-skeleton.

SHOULDER-PLATES OF Hrprocampoibs.

SYNeNATHUS Acus, LINN.
A and C. Right side, inner view. . B. Lower view of right and left side.
Pt : Fie. 3 B.

(M:S ;: '73(1&;,) (Magn. 7 diam.)
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The Hippocampoids may be described first, and the great Pipe-Fish (Syugnathus acus)
may be taken as the type. Here the large, leaf-like, ganoid scales can be entirely dissected
away from the clavicular cincture : this latter system of bones will be found to be strong, although
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fibrous, and very different from what we have seen in the Fishes already described, and also from
the typical Teleostei. In §. acus there are two dorsal-line plates behind the occiput, and then
the back is concave, being finished above by the supero-lateral series. There is then a lateral
series ; the first of these is shown in the Woodcut, fig. 3 A, 1. 1. 1: then an infero-lateral, figs.
3A and 3B,1.1.1,1. 1. 2; whilst the trunk is walled-in below by the abdominal-line series, a. 1. 1,
a. l. 2. These plates vary as to the number of rows, even in the British species of Syngnathus
(see Yarrell’s ¢ British Fishes,” vol. ii, p. 3256—341.)

There is a post-temporal scale (fig. 3 A, p.t.) below the first post-occipital ; but there is no
distinet supra-clavicle ; hence the large size of the clavicle (fig. 3 A, cl.) This bone is T-shaped,
the descending crus being almost vertical ; it leans a little forwards in its descent, and there is a
large backward development of the bone, strengthened by an internal béam, below.  The lower
third of the anterior plate is similarly fortified, and these two bars swell into a rough boss at
their junction. Above, the bone is smooth, but thick ; and it is full of the elegant radiate
markings common to this and the ordinary scales. The bone all along the top is composed of two
distinct plates ; the outer being the inner half of the skin ossified and answering to the ganoid plates
generally, and the inner lamina being a layer of ossified subcutaneous fibres. The post-temporal,
(fig. 3 A, p. t.), is a triangular ganoid plate, notched in front ; the supra-clavicle has no separate exist-
ence; and here, as in many other Teleostei, the upper parts of the dermal Shoulder-bones are, to
some degree, ganoid as well as subcutaneous ; and thus the space between the Ganoids and Siluroids,
on one hand, and the typical Teleostei, on the other, is partly bridged over. The main partof the
descending crus of the clavicle appears within, as a rounded rod, which bifurcates below ; the
outer fork being the shortest, and having the first infero-lateral scale strongly clamping it in front
(sce fig. 3 A, cl, i. 1. 1); whilst the longer, inner spur rests upon the submesial part of the first
abdominal-line plate (fig. 3 A, cl,a. 1. 1). In some Fishes (e. g. Cottoidei) there is a large
development of the clavicle internally; the strong,aponeurotic band which lies directly outside
the ¢ peritoneum” being ossified, and lying dnside the true Shoulder-girdle (see Plate II,
7, fig. 12, cl. cr.). :

There is no such plate growing from the clavicle within and below in Syagnathus ; but this is
replaced by two separate bones not seen, as a rule, inthe Teleostei generally. The descending rod
of the clavicle, however, has an outer wing to it, the greater part of which is seen in fig. 3 A, cl.,
overlying and partly protected by the first lateral plate (1. 1. 1) : this infero-posterior wing is, in
some degree, ganoid ; there is evidently a scale connate with it, as in the upper part of the clavicle.

Referring again to the clavicle of Cotfus bubalis (Plate II, fig. 12, cl.), it will be seen that the
clavicular plate which passes within the coracoid (cr.) has two additional ossicles (a. i. cl., p.i. cl.):
these two bones are represented in Syngnathus by much larger bones, which take the place of the
whole inner plate of Cotfus (Woodcut, fig. 8 A, a.i.cl., p.i.cl.). DBoth these bones are bekind the
inner fork of the hase of the clavicle, and, therefore, neither of them can represent the “ischio-
pubis,” which, in the Coffus, as in other Thoracic Fishes, passes within the lower part of the
clavicle, and is tilted up in front, so as to leave some space between the pubic extremity and the
base of the clavicle, where it rests on the skin, helow.  But the Synzgnatfus has no pelvic members ;
and if it had a “pelvis ” without the fins, yet, as the posterior arch is always morphologically
inferior to the anterior or scapular, it could not be bony in this instance, seeing that the Shoulder-
girdle itself is entirely unossified.

Morcover, these “interclavicular” bones are entirely fibrous (see fig. 3 A, a. i. cl, p. i. cl);
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rest completely on the first abdominal-line scale; and are wholly behind the clavicle. The presence of
the first of these splints would have been no difficulty ; the presence of a second necd be none,
when “ Nature herself teaches us”” how she has subdivided the clavicle in Co#fus. The foremost
bone (a. i. cl.) is like a hatchet, set on end; the pointed haft running up behind the descending
crus of the clavicle. The next bone (p. i. cl.), or ““ posterior inter-clavicle,” has a blade below,
and a haft, set on obliquely, above: this haft is flat, and broad at the top ; it is turned somewhat
outwards and backwards. The meaning of this broad top will be scen when we come to Ostracion ;
its double lamina and open end caused me trouble at first; but high magnifying powers show
nothing more than fine fibrous tissue in the interspace between the outer and inner plates ; so
that it is a purely aponeuorotic bone.

It is well that there is always a good landmark in the main Shoulder-splint, namely, the
clavicle, for, whilst one of the typical upper splints is wanting here, there is the apparent con-
fusion of two atypical bones below.!

The true Shoulder-girdle of Syngnathus is of extreme interest, as it is persistently soft, and
has undergone no segmentation.

This curious thin flap of hyaline cartilage (see Woodcut, fig. 3 C, where the rlght moicty
is shown from the inside, magnified 104 diameters) increases in width in passing from the
scapular region (sc.) to the coracoid (cr.). The scapula is somewhat emarginate above, and the
coracoid below; and the posterior margin is crenate, and interdigitates with the brachial rays
(b.1—4). The outline of the entire cartilage reminds one of those Caterpillars that lift their head
whilst crawling over the plant on which they feed. The gently sinuous, scooped front margin of
the cartilage can scarcely be said to be “notched,” and there is no “fenestral” rudiment of a
cleft. The small ““feet” which insinuate themselves between the massive, bony brachials have
a clean margin, towards which, as towards the whole circumference, the cartilage cells become
flat and parallel with each other.

The brachials (fig. 3 C, b. 1—4) are deeply notched both above and be]ow the hinder
parts being a partly separated second series. The anterior brachial moieties are almost semi-
circular, and lie in the moon-shaped “glenoid” spaces of the coraco-scapular cartilage. They
have a core of cartilage in their inner part; but their outer halves, or post-brachial moieties, arc
intensely ossified, and converted by periosteal growths into extraordinary stag’s-horn appendages.
On the outer side, some of these become upturned hooks of great length, and flattened like
anchor-flukes ; so that the rays of the fin-root are in the strongest histological contrast to the
coraco-scapular foundation of the fin. :

In the still more bizarre forms seen in the genus Hippocampus the abdominal-line series are
much more carinate than in Syrgnathus; and the whole of its structure would well repay the morpho-
logist who would work it well out. But the most unlooked-for modification of the ichthyic verte-
brate is to be seen in the genus Phyllopteryx, Kaup. Irefer the reader to the exquisite plates
(by Mr. G. H. Ford) in the ‘ Transactions of the Zoological Society’ for 1865 (Part I, plates
14 and 15, p. 327). A knowledge of the structure of the common kinds of Syngnathus
makes this strangest of types quité intelligible. ]

! The relation of these TFishes to the generalised Ganoids is well shown by their possession of
“ malars” or “ jugals,” and still more by the presenee of the “jugulars,” so rare in the Teleostei, namely
in Elops and Megalops (Cuv., * Rég. Anim.’). These are well developed in Syngnathus and Hippocampus ;
although I am not aware that any other Ichthyotomist has observed this fact.
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Ordo “ PrecrocNaTHIL”

Ezample 1 — Ostracion auritus, Shaw.

My specimen of this Trunk-fish measures two and a half inches in length, and is therefore
about half grown. I have been long familiar with the complete differentiation of the ossifica-
tions of the “cutis vera” from those of the looser fibrous layers within in this genus. The
Woodcut (figs. 4 A, 4 B), shows the Shoulder-girdie and its extensive system of subcutaneous splints,
maguified three diameters. In fig. 4A these latter bones are shown from the right side, the view
being from within. Fig. 4 B shows the Shoulder-girdle moiety, with the large splint-bone that
underprops it. Professor Owen (‘Osteol. Catal. Hunt. Mus.,” vol. i, p. 81, No. 362) aptly
compares the bones of Orthagoriscus mola (the Sun-fish) to decayed wood. Those of the Trunk-
fishes have this same touchwood consistence, totally unlike those of the Balistidee, which have
them much more dense and ivory-like. The post-temporal and supra-clavicle (fig. 4 A, p. t., s. cl.)
together form a thin triangular plate, convex on the outside, where it adheres to the hexagonal
plates, and concave within. The post-temporal has a thick, incurved edge above; and this part
thickens still more where the bony fibres spread over the delicate cap-like « epiotic.” The supra-
clavicle (s. cl.) has a small spur in front, and ends in a strong peg below ; in front it is attached
to the outer occipital region ; its hinder margin is lunate, and below it is clamped by a strong,
rod-like splint, which passes across to the “ basis cranii,” just where the “ parasphenoid” interdigi-
tates with the “ basi-occipital.” I shall provisionally call this bone the * pree-clavicle” (fig. 4 A, pr.
cl); it curls up behind the supra-clavicle externally, and separates it from the broad shell-like top
of the clavicle. I have described a similar splint-bone in Clarias (p. 29), which runs across from
the junction of the clavicle with the supra-temporal to the under surface of the *atlantal” centrum.
These bones may be true homologues; they are at least the same serially. Betwecen this bar
and the broad top of the clavicle, in front, there is a rod of cartilage (}f.), which seems to answer
to the so-called scapula of the Zepidosiren, and is probably an autogenous ‘ pharyngo-
branchial.” Between the supra-clavicle and the clavicle there is, behind, the pedate upper end
of the upper post-clavicle (u. p. cl.), so that there are here four bones set on to each other by a
peculiar kind of carpentry. The clavicle (cl.)is the largest bone of the seven that are built
above, below, and around the true Shoulder-girdle ; its anterior concave surface is of great breadth
—greatest where it appears narrow in the side view,as in the figure. This back wall to the
branchial cavity is transverse to the axis of the body. The high triangle, with its incurved
posterior margin, which runs down to the abdominal line, grows out of the middle of the anterior
plate, so that the whole bone is three-winged. Above, the clavicle forms an elegant thin shell
below the pree-clavicular bar; this bone is widest in the middle, where it runs across the
thoracic cavity to underprop the obliquely oval doorway through which the pectoral fin passes.
The external lamina becomes very narrow, but reaches the base of the bonc; the inner wing
stops midway on the edge of the vertically longitudinal plate ; the base of the latter is thin, but
is composed of two laminz. The upper post-clavicle (u. p. cl.) is a considerable bar of bone,
dilated in front (above), where it wedges itsclf in between the pra-clavicle and clavicle, and

5
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SHOULDER-PLATES OF PLECTOGNATHI.
Fie. 4. A, B. Ostracion. C, D. TeTrODON.

Fi6. 4 A. - Right shoulder-splints ; inner view.
(Magn. 3 diam.)

pt.

Fie. 4 B. Right coraco-scapular
plate, and inter-clavicle ; in-
ner view.

(Magn. 3 diam.)
b1

cl. i.el.—

TR

Fie. 4 C. Left shoulder-plates; outer view.
(Magn. 6 diam.)

Fie. 4 D, Post-clavi-
cular splints.
(Magn. 6 diam.)

s. cl.

b5.
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pointed behind and below, where it clamps itself on to the outside of the next piece. This
second post-clavicle (L. p. cl) is narrow and' pointed above, and then soon spreads into a broad
trowel of bone, which stretches half way from the oblique pectoral opening to the end of the
curiously tesselated ganoid box. The lower and hinder part of the fore-and-aft down-growth of the
clavicle seems to answer to the distinct ““ anterior inter-clavicle” of Syngnathus; but the pbsterior
inter-clavicle of that Fish is represented in Osfracion by a very large bone (figs. 4 A, 4B, i. cl),
having three wings, bent on each other at a very obtuse angle.

The broad, slightly arcuate base of the interclavicle rests on the abdominal line, close behind
the clavicle ; it grows upwards as a high but regular triangle, with a rounded apex. The posterior
margin of the clavicle leans forwards, and the anterior wing of the inter-clavicle widens upwards to
be attached to it; this thin wing, free from the growth-markings of the middle part, ends almost
horizontally above. The posterior wing is separated from the main part by a deepish suleus; it is
lanceolate, sinuous behind, and runs upwards above the middle part into a point, which wedges in
between the prae-coracoid and lowest “brachial ” (fig. 4 B, 1. cl., p. cr., b. 5). This pointed plate
and the rounded end of the main triangle are anchylosed to the posterior margin of the pree-
coracoid, reminding one of the Siluroids; but the gently in-turned front wing is permanently free
from the base of the coracoid, their mode of junction being by “ harmony,” and there is a very
narrow but clear chink between them.

The scapula of Osfracion auritus (fig. 4 B, sc., p. sc.) forms nearly half of the Shoulder- °
girdle moiety; the other half being the pree-coracoid (p. cr.). The whole plate is large,
oblong, and bent forward in such a manner as to leave a very open angle in the front margin.
Along the front margin there is a selvedge of clear cartilage, and passing through between the
two bony plates there is a considerable band, largest at its ends, quite uncovered with bony sub-
stance. The shape of the scapula is roughly pentagonal; it is divided into a scapula proper (sc.)
and a prae-scapula (p. sc.), the latter being the narrowest ; this division, which is arrested, is made
by a transversely egg-shaped fenestra (sc. f.), the apex of which is directed backwards. The
‘“ glenoid ” margin is thick, and it is here that ossification commences in an ‘ ectosteal” plate,
clamping the cartilage by an outer and an inner extension ; these plates are arrested in front and
below. The prae-coracoid (p. cr.) is an elegant rhomboid, with the posterior. margin notched to
receive a peg from the inter-clavicle; at this point, and a little above and below it, there has been
anchylosis of the great underpropping splint with the ectosteal selvedge of the back of the
pre-coracoid. Like the scapula, this pra-coraccidal element is only feebly ossified, except at the
hinder margin ; the bony-plate has grown but little into the substance of the cartilage.

If 1 had surveyed these parts fresh from the typical Fishes they would have caused me
much trouble ; but the way has been made much smoother by my coming to them through by-
paths. We have seen this coalescence of parts of the outer and inner skeleton, and shall see it
again, and it is noteworthy that, although the splint-bones are ready enough to coalesce with endo-
skeletal bones, yet, retaining their old naturc as scales, they'are very slow to combine with each
other. The afinity of the dermal system for the endo-skeleton becomes stronger and stronger as
we ascend the vertebrate scale ; and in the warm-blooded classes the most remarkable metamorphic
combinations take place. The most careful microscopical observation of the inter-clavicle (i. ¢l.)
of the young Ostracion reveals no trace of cartilage-cells within it although the scapula and
coracoid have their cells, for the most part, unchanged between the ectosteal plates.

I think, therefore, that the coracoid proper has been completely aborted by this large and
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precocious inter-clavieular splint, although in the other types of the Pleetognaths the cxistence
of this splint is doubtful, the place being evidently supplied by periosteal growths from the large
eoracoid.

The brachial series of bones (fig. 4 B, b. 1—5) are much more strongly ossified than their
scapular foundation ; there are five of them, and all but the upper are elegantly hourglass-shaped ;
the upper bone is very irregular, oblong, and notched ; they oecupy the whole posterior margin of
the scapula and pre-coracoid. The inter-elavicle wedges itself between the lowest bone and the
prae-coracoid, the lowest brachial sending down behind it a long periosteal process. They are all
rich in these outgrowths, and the narrowing of the waist of each bone arises from an arrested
eleavage into a pree-brachial and a post-brachial series ; the ectosteal sheath of the bone fits to the
eontained cartilage, like a pair of eorsets.

Erample 2.— Tetrodon

The small Spiny Globe-fish from whieh my dissections have been made' measures less than
three inches in its entire length. The Woodcut (figs. 4 C, 4 D) shows the outer and inner parts of
its Shoulder-girdle magnified six diameters, and the endo-skeletal elements are depicted as somewhat
-disarticulated from their investing splints. :

In this instance, as in the Osfracion, the ossifications (ganoid spines) formed in the skin are
quite irrelative to those found in the subcutaneous traets and in the aponeurotic septa, and which
are, by a sort of morphological affinity, correlated with the true skeleton. The splint-bones are
very fibrous, and the endo-skeletal parts are but feebly ossified. The post-temporal (fig. 4 C, p. t.)
is a triangular bone, the base of which is attached firmly to the angles of the oeeiput, whilst its
apex is produced outwards and backwards; behind this spur there is a eondyle for the supra-
clavicle, and on the upper margin the bone is notched. The supra-clavicle (s. el.) is not unlike
the blade of a pruning-knife, its point being direeted downwards, its sharp edge looking for-
wards ; its ereseentic postero-superior edge is thickened, and the part to be joined to the * haft” is
the eondyle, which is articulated with the supra-temporal ; whilst the blade lies obliquely in the
upper fossa of the elavicle. This latter bone (cl.) is normal, and like many other Fish-bones is
developed into wings. Of these there are three—one growing inwards, coneave in front ; another
outwards, eonvex in front; and these together form the bony door to the hinder part of the gill-
opening. The third plate grows backwards; it is convex on its outside and concave within ; it
is defieient both above and below, and is attached behind to the true Shoulder.girdle. Below,
the clavicle ends in a long style; above, it is scooped in front, and is obliquely emarginate. Behind
this part is the “ upper post-claviele,” it is a gently eurved style (figs. 4C, 4D, u.p.cl.) with an upper
snag at the middle, and having the lower half scooped in front for the bone below. This next bone
is the “lower post-elavicle” (I. p. el.); it articulates to the outside of the lower half of the upper
piece, and is an elegantly arcuate, slender style, which forms nearly a right angle with the
clavicle, and reaches as far downwards ; these bones lie within the true shoulder-plates (fig. 4 C.)

It is not easy, at first, to see the meaning of the true Shoulder-bones in the Zetrodon, for it
has made a great stride towards the typical Fish, as may be seen by comparing it with the

! The gift of Dr. Giinther.
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Ostracion. The whole of each moiety (fig. 4 C, sc. er.) is, as far as its cartilaginous basis is
concerned, of a very peculiar form; denuded of its periosteal layers, it would be in the form of
a Fan-palm leaf, with the blade bent forwards on the stalk. The broad blade has a nearly
straight anterior margin; below, also, the base of the blade (sc. p. cr.) is nearly straight, and:the
stalk of cartilage, which is extremely delicate at the top, is set on behind the middle. The pos-
terior margin is strongly crenate, being cut into four crescentic notches ( glenoid notches”) for
four of the brachial rays. The upper notch is the largest, the lowest next in size, and the upper
but one the smallest ; this coincides with the different dimensions of the proximal ends of the
brachials. There is no “scapular fenestra,” nor, indeed, scapular ossification ; but this region,
save where it is trespassed upon from below by the pre-coracoid (p. cr.) is entirely unossified, and
a soft tract of hyaline cartilage forms a headland in front of and behind the prae-coracoid. This
latter element (p. cr.) is fan-shaped ; it is flat in front, convex behind, and hollow in the middle,—
that is, as it is seen from the outside ; the ossification is very much arrested, and but few of the
cartilage-cells are affected by the inner and outer “ ectosteal ” lamine. This specimen is either of a
small kind, or is the young of a larger one; in either case the ossification would be less intense
than in a large specimen. The coracoid (cr.) has been very nearly segmented from the pree-
coracoid, only a slender rod of cells connecting the two regions. This delicate style of hyaline
cartilage thickens gradually in its lower parts, it is invested with a much stronger ectosteal sheath
than the prac-coracoid, and from the long styloid sheath wings project, both fore and aft ; these
turn inwards, and form but little more than a right angle with each other. The bony matter of
the two regions is continuous where the “stalk ” joins the “leaf,” but nowhere else; for the
“wings ” of the stalk-like coracoid are entirely unconnected with the pra-coracoid ; a clear chink
can be seen both in front and behind (fig. 4 C, p. cr., cr.) There now arises a curious and, to
me, an unexpected difficulty ; for the periosteal wings which grow out from the rod-like coracoid
take the place of the “inter-clavicle ” of the Ostracion (fig. 4 A, i. cl). If my descent upon
this type had been made from the common Fishes I should have suspected nothing beyond what
1s apparent; but fresh from the Siluroids, the Lophobranchii, and the Ostracion; and aware of
the atypical characters to be seen in Gasterosteus, soon to be described, I am prepared to believe
that there is more in the coracoid of the Zefrodon than meets the eye. The coracoid proper is
aborted by the large aponeurotic “inter-clavicle ” in Clarias, Ostracion, and Gasterosteus; but in
Cottus bubalis (Plate 11, fig. 12, p. 1. cl.) the principal inter-clavicle lies close on the inside of the
coracoid, but quite free from it. Then we have seen its presence and its independent condition in
Syngnatlus (Woodeut, fig. 3 A, p. 1. cl.), and, therefore, it is quite possible that there may have
been a distinct inter-clavicle in an earlier stage of this Fish the Zefrodon. This view is strength-
ened by the fact that these two elements are very apt to coalesce. On the other hand, any one
familiar with the structure and development of the endo-skeleton of the Teleostei knows how
apt the ectosteal sheaths of cartilaginous rods are to shoot out into large wings; a beautiful
instance of this is seen in the interspinous rays, especially of such a Fish as the Dory (Zeus).
Thus there seems to be no absolute necessity to suppose that the double ectosteal lamina of the
pra-coracoid and coracoid were ever distinct in Zefrodon ; they are in several Families of the
Malacopteri ; but the Trtrodon conforms rather to the Acanthopterous type. Undoubtedly,
the isthmus between the pra-coracoid and the coracoid was very much wider at an early period
than in this stage, which I am now describing, so that the first bony investment of the cartilaginous
plate would commence at the isthmus itself, and then, growing like a bent and flattened hour-
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glass, would, by spreading into a fan above, and developing the inturned wings below, ultimately
come to assume the form here figured and described.

There are five brachial rays, four of which apply their lunate bases to the crenate
“glenoid ” margin of the Shoulder-blade; it is the uppermost but one which has aborted the
scapula. The uppermost ray is much the smallest; it is pointed in front (fig. 4 C, b. 1), and
actually bends round to apply itsclf to the front of the starved scapular cartilage. The four
larger rays are flattened hour-glasses; they have soft ends, and lanceolate interspaces; and they
are perfectly cloven from each other. The elegant interspaces are lessened by transverse periosteal,
spicular growths, especially proximally; the free edge of the upper and of the lower ray is ren-
dered jagged by similar growths. A comparison of the Shoulder-girdles of Ostracion and Tetrodon
will show how widely apart these two types of Plectognaths lie.

Frample 3.— Triacanthus i A sp,.. :

The family Balistidee brings «us much nearer to the typical Acanthopterous Fishes, and I
shall merely give the general characters of the Shoulder-girdle in this group. My observations
have not been made from fresh dissections, but from some excellent skeletons in the Hunterian
and British Museums. In the-former there is one’of an unnamed species of Balisfes (‘ Osteol.
Catal.,” vol. i, p. 76, No. 326), and also of B. Soreipatus, Will. (No. 827) ; in the latter there is
a preparation of a Zriacanthus, another of Balistes aculeatus, Linn., from the Mauritius, and two
others of the genus Balistes, the species not known. These skeletons show stronger bone than:
is seen in Zeirodon, and there is a great approach to the skeleton of the Dory (Zews) ; the bones
are, however, feebler and more fibrous than in that type. - A description of the Shonlder-
bones of Triacanthus will serve for the rest. ol | '

The “ post-temporal ” is flat, and closely adherent to the occipito-temporal region, as in
Zeus, Tetrodon, Loplius, &c. The “ supra-clavicle” is rather small and styloid; the clavicle
is quite normal, and not unlike that of high-bodied Fishes gencrally; the “post-clavicle ” agrees,
not with that of the Zetrodon, but with that of the Dory (Plate I, fig. 14, p. cl.). It nearly
meets its fellow below at a great distance from -the clavicle; it is strong, straightish, and is
expanded above, where it is tied to the inside of the clavicle. The Shoulder-plate itself 1s
relatively large, and there are only two ossifications in the adult Fish; these are the *scapula”
and the “coracoid.” The former of these is fenestrate, and is thus partly divided into a  pree-
scapula ” and ¢ scapula proper,” as in nearly all truly typical Fishes. The latter—the “ coracoid ”
—has a broad subquadrate “ pree-coracoidal ” portion obscurely marked off from the long, large-
winged ““coracoid proper;” the anterior wing is the broadest. 'The coracoids end near the
abdominal line, like the clavicles and post-clavicles. :



THE SHOULDER-GIRDLE IN FISHES. 39

Fam. “ GASTEROSTIDE.”

Ezample.— Gasterosteus leiurus, Cuv. and Val.

I have long been familiar with the skeleton of such ¢ Mailed-cheeked” Fishes as the 7rigle
and the Cottoids; but my attention has lately been directed to the Sticklebacks (Gasferoster).
Professor Huxley some time since (‘ Proc. Royal Soc.,” Nov. 18, 1858 ; and  Microscop. Journ.,’
Oct., 1858, vol. vii, pp. 33—46; and Jan. 7, 1859, pl.iii) worked out some most valuable
results from the commonest kind, viz, .G. leiwrus. His researches have had regard to
the development of the skull and of the tail; this latter part of the Fish is shown to be truly
“heteroceral ;”’ and in the figure given of the face of the adult Fish (‘Croon. Lect.,” p. 27,
fig. 7) 1 long ago detected an instance of connation, very remarkable indeed if this be a typical
Acanthopterous Fish. T refer to the palatine bar ( pa.);i which has no separate “pterygoid,” but
at once articulates with the “ quadratum ” (Qu.). My present remarks are upon the Shoulder-
bones of the adult Fish, and they satisfy me that this is not one of the ordinary Acanthopteri;
I shall therefore consider them as belonging to a very special Family, but leave the Order
in which they should be-placed to some other Ichthyotomist.

Altogether, the morphology of the dermal skeleton of Gasterosteus carries us back again to
the same ichthyic level as the Siluroids; the Lophobranchii and the Plectognathi come much
nearer to the typical Fishes, and thus diverge much further from the true Ganoids than these
familiar little denizens of our fresh-water pools and canals. The Ganoidei are hemmed-in on
all sides by Genera and Families of Fishes that are aberrant from the higher types; none of
these press much nearer to those ancient Fishes than the Sticklebacks. There are scarcely any
morphological characters that express generalization in the Fish-Class better than connation of
dermal plates with ossified subcutaneous tracts, and coalescence of these bony parts with true
endo-skeletal elements; both these characters are well exémplified in the Gasterostei.

The “post-temporal” (fig. 5 A, p.t.) is a fan-shaped ganoid plate, strongly articulated
to the outer angle of the occiput; it has a strong subcutaneous peg at its antero-inferior angle.
The ““ super-clavicle ”” is not distinct from the clavicle, a character seen in Clarias; in one side of
Callichthys ; and in Syngnathus.

The clavicle (cl.) is continuous with the supra-clavicle and is very large ; it is connate with
a quadrant-shaped ganoid plate, from the hinder part of which there projects a sharp spur, and
along the front of which the supra-clavicular bar runs upwards and forwards. The body of
the bone proceeds downwards and forwards from the base of the upper spur, and from the sharp
and serrated lower edge of the ganoid portion; it is a thick rod, with a long, sinuous, concave
wing in front, and a shorter convex wing externally. The clavicle reaches nearly to its fellow
below, and articulates with the anterior angle of the inter-clavicle (i. cl.).

Above the ganoid part of the clavicle there is a small oval ganoid ossicle (fig. 5 A, 1. L. 2);
this belongs to the second thoracic cincture; it answers to the second lateral-line bone, and is
the serial homologue of the * post-temporal.” The next ganoid plate (fig. 5 A) is more like the
post-temporal, but is not half its size ; it is perforated by a mucous duct. The next is oblong,
with triangular ends, and much larger; it answers, in its own cincture, to the post-temporal and
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SHOULDER-PLATES OF GASTEROSTIDE, AND COTTIDE.

Fie. 5. A, B. Gasrerosteus. C. Corrus.

Fie. 5 A. Left shoulder-plates and lateral-line bones ; outer view.
(Magn. 9 diam.)
.12

Fie. 5 B. Inter-clavicular plates; lower view. F16.5 C. Section of lower
(Magn. 9 diam.) part of Shoulder-girdle;
: front view,

(Magn. 10 diam.)
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supra-claviele in one piece. 'The fifth plate (the first is the post-témpoml), reaches higher up, is,
like the last, overlapped by the dorsal-line plates, and grows downwards some distance within the
large infero-lateral plate connected with the ventral fin. There are three more such plates in
this species, (G. leiurus), the last being somewhat smaller; they overlap each other from before
backwards. The fifth and succeeding ganoid plates answer to the post-temporal, supra-claviele,
and clavicle—all in one piece; they are united by strong bony pegs, and are perforated by
mucous ducts ; and they answer, in the mucous region, to the lateral-line bones of the ordinary
Teleostei. This division of the lateral plates is very different from what is seen in Callichthys,
in whieh the plates divide close below the mucous ducts (see Plate I, fig. 9, s. 1., 1—4).

I see no plates of bone in this speeics that belong to the middle part of the second cineture,

‘the bones of which are evidently absent because of the overgrowth of the clavicle and inter-

clavicle. Nearly the whole of the thorax and abdomen is invested below by two pairs of huge
infero-lateral ganoid plates. These are the inter-clavicles (fig. 5, A, B, i. cl.) and the plates that
are correlated to the ventral fin; thus, the Shoulder-girdle and the Hip-girdle attract to
themselves, below, large ganoid, dermal Breast-plates, that are serially homologous, and that
equally run wild over the lower part of several Somatomes. My business, at present, is with the
anterior pair (i. cl.); and these will be found to have grafted themselves upon the true Shoulder-
girdle, showing that they are as much correlated to this part of the endo-skeleton as the clavicles
themselves. If these bones be compared with those of the Sturgeon (Plate I, figs. 6—38, i. cl.)
it will be seen that they are almost precisely alike; the ganoid, outer portion sending inwards,
from its upper edge a thin but broad lamina; but there is an important difference. In the
Sturgeon this inner part is subcutaneous, and is a continuation of the bony hinder wall of the
gill-opening, the upper part of which is formed by a similar plate growing from the clavicle. In
the Stickleback it is an aponeurotic plate, which lies within the muscles of the shoulder and
hecomes soldered to the lower edge of the pree-coracoid.

The true Shoulder-girdle is of very great relative breadth in Gasterosteus; and it is
anchylosed above, in front, and below to the large exo-skeletal plates; but as these aponeurotie
lamina are connate with the ganoid plates, this little Fish agrees with the Siluroids, and not with
the Ostracioids, in which the ganoid plates are entirely differentiated .from the aponeurotic ossifi-
eations : this is a great stride towards the typical Teleostean skeleton. The broad, thin scapula
(fig. 5 A, sc.) is well ossified, save towards the coraco-scapular synchondrosis ; very much of its sub-
stance disappears in the middle, for its « fenestra” (sc. f.) is very large ; this is a transversely oval
space. The general outline of this plate is five-sided, narrowing towards the top, both fore and aft ;
its largely extended base is nearly straight, and is directed a little downwards as well as backwards.
A considerable space of unchanged hyaline cartilage intervenes between the base of the scapula
and the upper surface of the coracoid, and in this region the scapula has a core of soft cartilage.
The arcuate front margin is anehylosed to the posterior plate of the clavicle; the supero-posterior
margin is straight, and, like the posterior edges of. the brachials, is considerably thickened ; the
infero-posterior margin is very thin, joins the upper part of the selvedge by a very obtuse angle,
and, being the glenoid region, it articulates with three of the brachials. Behind the supero-
posterior margin there is a band of flat-celled hyaline eartilage, which is continued down behind
the brachials, and it is only partly divided by a curving inwards of the eclls towards each inter-
osseous space. The prae-eoracoid (p. er.) is a transversely oblong bar, the upper margin of which
1s formed by the double ectosteal plate which clamps and eneloses the lower part of the cartila-

6
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ginous interspace between this part and the scapula. It evidently began to ossify at the lower
selvedge, and here it has become fused with the aponeurotic plate of the interclavicle (i. cl.) ;
its upper angle, behind, is more than a right angfe, and the unchanged hyaline cartilage continues
down behind it, forming the glenoid space for the lowest brachial (h. 4). Here, as in the genus
Clarias (fig. 2 A, cr. 1. cl) and as in the Oséracion (fig. 4 B, p. cr. i. cl.), there has been con-
siderable abortion of the body of the coracoid, caused, as it would seem, by the potent develop-
ment of the correlated splint-bone.

There are four brachials, not differing much in size, but the uppermost is the smallest, and
the lowest but one the largest. They are bounded by a band of soft hyaline cartilage, both before
and behind, and the hinder band runs up behind the scapula; the segmentation is arrested in this
selvedge. So also is the segmentation into a prz-brachial and a post-brachial series, and the
“fenestrae,” which are arranged in a vertical line, only serve to notch these rays; the hinder edge
of each ray is turned outwards, so that the pectoral dermal rays turn outwards as easily as they
lie backwards. What I have been describing in no degree answers to a Sclerogenous Fish,
like a Cottus or a Trigla, for their large brachials abort the coraco-scapular band; and they show
no tendency to coalescence of exo- with endo-skeletal elements. But this genus does not
properly belong to the Thoracici ; if is an “ Abdominal ” fype. 'The large ventral bones, to which
the ventral fins are attached, are not ischio-pubic elements, but swb-mesial abdominal ganoid
scufes ; the serial homologues of the large inter-clavicular scutes. Each abdominal fin, in this and
several other species, is composed of one highly barbed dermal spine, and this articulates partly
with the abdominal scute ; close beneath its ascending portion ; and partly, like the pectoral spines
of the Siluroid, with the endo-skeletal bone; this inner bone is the true ¢ ischio-pubic” plate,
which is foreshortened in front, articulates by suture with its fellow, and becomes anchylosed to
the dermal plate outside (exactly as in the union of the coracoid and the inter-clavicle, and also of
the scapula and clavicle). Moreover, I find that the ventral fius are set on further backwards
than in Callichthys littoralis ; in that Siluroid the “ cotyloid ”” articulation—i. ¢. of the ventral fin
with the “ischio-pubis’—is between the fourth and fifth ganoid thoracic cincture, but in Gaste-
rosteus lesurus it is between the sixth and seventh, and the distance between the anterior end of
the pubis and the base of the clavicle is one third of an inch, or as far as the upper part of
the preopercular bone from the snout. I need not remind the reader that the ends of the.
“pubes” lie between the lower part of the clavicles in Coffus, Agonus, Gobius, and in the
Acanthopteri generally. 1 shall make no apology for taking this Genus from amongst its false
relatives, and placing it side by side with the Siluroids, in close proximity to the old Ganoid
types ; meanwhile, however, it would well repay the morphologist who would work out the rest
of the osteology of this type, especially if it were done in a developmental manner.

I must now turn to the higher types, the “Pisces Acanthopteri” of Miiller; but this
Order might be divided into an atypical and a typical assemblage. The former should take
in" the Trigloid, Cottoid, Gobioid, Blennioid and Lophioid Families; all these are more or less
aberrant, and come into proximity to the Swé-ganoid types, and even to the true Ganoidei.
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*Fam. CorTiDE.
Ezample 1.— Cottus bubalis, Euphrasen.

My first instance is the best connecting link between the Ganoid and Sub-ganoid
types already described and the true typical Teleostei, the Percoids and their allies;
moreover, another Cottoid—the Pogge (dgonus cataphractus)—reassumes the ganoid covering.
In the Fatherlasher (Coffus bubalis), I first saw that the so-called supra-scapula was nothing
more nor less than the first “lateral-line” bone, connecting that series with the ¢ supra-
temporals.”  Plate II, fig. 12, s. t., is the last of that series; and p. t. is the “ post-temporal,” a
scabrous scale, which is two-legged, and is attached in the usual manner to the occipito-otic
region. There is a much larger bone below this, the “ supra-clavicle”” (s. cl.); it is rough at
the top, and sends downwards and backwards a large flat blade ; this blade is tied obliquely
across the scooped upper part of the huge clavicle. This latter bone (cl.) reaches nearly as
high as the vertebral spines, whilst below it meets its fellow of the opposite side at the
abdominal line. Below the obliquely scooped upper part of the clavicle the bone looks forwards
and inwards, and for some.distance there is very little posterior growth; below the scapula this
posterior plate begins, and is very strong; it increases in breadth very rapidily towards the lower
part. This lower, longitudinally vertical plate of the clavicle answers to a great degree to the
inter-clavicular plate of the Osfracion (fig. 4, A and B, i. cl), and to the two inter-clavicles
of the Syngnathus (fig. 3 A, a.i. cl, p.i. cl.); but not altogether, for there are two additional
ossicles (Plate II, fig. 12, a.i. cl., p. i. cl.) in Cottus bubalis. The first of this, the ““ anterior
inter-clavicle,” is a small oblong bone, occupying the posterior angle of the plate; the * posterior
inter-clavicle,” is a much larger plate; it is oblong, with a produced point below ; these plates
are all on the nside the coracoid. Here we see that the Coffus is ascending in the scale
towards the typical Fish ; and these feeble inter-clavicles are to a great degree aborted by the
main clavicle ; and have no power to arrest the coracoid in the manner shown in Gasterosteus and
Ostracion ; yet their presence is to me most unexpected, and very instructive. The post-clavicle
(p- cl.) is a rather feeble, gently arcuate, and bluntly styloid bone; it reaches to the middle of
the brachial series below. The scapula of Coffus (sc.) is largely cloven in front by an obliquely
oval notch (sc. n.); above, it articulates (by harmony) with the posterior edge of the clavicle ;
below, it rests its squared base upon the top of the great posterior plate of the clavicle; behind, it
sends a periosteal layer over the two upper brachials. It is wholly separated from the top of the
pree-coracoid for the whole space, and more, of the depth of the greatest brachial ; the lowest but
one (see Plate II, fig. 12, sc. cr.). 'The four uppermost (dermal) pectoral rays (p. r.) articulate
directly with the scapula, and its posterior or glenoid margin, receives the two upper brachials
(b.). Both the scapula and coracoid are converted into dense bone in Cotlus bubalis ; the
latter bone sends upwards a narrow glenoid band (p. cr.), and this part forms an obtuse angle
with the head of the bone; into this angle the lowest brachial (b. 4) fits. Where the prae-coracoid
and coracoid regions unite at an extremely open angle, the coracoid foramen (ct. fo.) is seen;
the main part of the bone is a phalangoid ray ; it is broad at the base, nearly reaches the bottom of
the clavicle, and lies in the right-angled space between its front and hinder plates.



44 SHOULDER-GIRDLE AND BREAST-BONE.

But there is another segment into which the Shoulder-girdle moiety is divided, viz. the
epicoracoid ; this is not shown in fig. 12 of Plate IT, but is shown in the Woodeut (fig. 5 C, e. cr.)
in Cottus scorpius, Bl. 1 have already described this part in the Lepidosiren, where it is largely
developed, but I only lately came across this part in the Teleostei. The Shoulder-girdle moiety
in these Cottoids, and in other Fishes with huge pectoral fins, is subject to a remarkable form of
segmentation ; first, the large brachials grow through the glenoid part, dividing the seapula from
the pree-coracoid, and then the clavicle passes between the foot of the coracoid and the epicora-
coidal mass. The splint-bones ossify at a very early stage of the embryonic Fish; and,
undoubtedly, whilst the cartilage is in a very soft condition, before the deposit of the inter-cellular
substance. The Woodcut (fig. 5 C) shows a section of the lower part of the two clavicles (cl.)
and in that acutangular space is seen the epicoracoid mass (e. cr.) which belongs to both sides of
the body, although the divisional line cannot be seen in this case; it can be seen, however, in
Gobius niger. 'This breaking-up of the coraco-scapular plate in the Fish Class is curious enough,
and is not scen in the air-breathing, cold-blooded Ovipara.

The four brachials of Coffus bubalis (Plate 11, fig. 12, b. 1—4) are large, squarish, flat,
smooth bones, and are highly ossified ; the lowest but one is the largest. There are three small,
vertically oval fenestree, the uppermost of which lies between the small, irregular, upper brachial
and the scapula. Altogether, the skeleton of Coffus bubalis is most intensely ossified, and the
Shoulder-girdle and arm partake in this strong calcification ; but the morphological characters in
my region of this Fish are interesting in the highest degree, and a thorough knowledge of
them is no mean help towards a true appreciation of the homologons parts in the entire Class.

Livample 2.— Agonus cataphractus, Linn.

The Armed Bull-head, or Pogge, is a curious isomorph of the Hippocampus, and may be
said to lie somewhat between the Cottoids and the Lophobranchii, although agreeing much more
with the former than with the latter. ;

The ganoid armour of this Fish is combined with a weaker skeleton than that of Cotfus
bubalis. 'The clavicle of Agonus is much broader than that of Cottus, and the outer part of the
large anterior plate is directed backwards, instead of forwards as in Coffus; the posterior plate is
less developed, and I fail to find the smaller inter-clavicle. The post-clavicle is a feebler style.
The scapula has a large, obliquely oval “fenestra,” and it is continuous with the pree-coracoid
below, there being a “glenoid,” band of cartilage uniting the two regions.' The coracoid and
pree-coracoid are very similar to those of Co#fus; but the whole piece is less strongly ossified.
'The epicoracoid is larger than in Coffus scorpius, and it was in this species that I first saw a
Teleostean repetition of what I had until then only seen in the Zepidosiren.

The brachials are still relatively larger than in Coffus, but there are only three; the middle
bone 1s the largest, for it is the uppermost bone which is aborted. These bones have a con-
siderable margin of cartilage behind ; and they are well segmented from each other.

! In the Gurnards, also, the coraco-scapular band of cartilage is only partly aborted, and their
epicoracoid degenerates into a fibrous mass.
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Fam. GosiipE,

?

LErample 1 — Amblyopus

My specimen of this tropical Gobioid Fish! measures 20 inches in length; the Woodcut
(fig. 6A) shows its Shonlder-bones—of the left side and part of the right ; magnified two diameters.

The post-temporal (p. t.) has a small, flat body, with a hinge below for the splint beneath it ;
and two long forks. The supra-clavicle (s. cl.) has the normal spatulate form, with the oblique
condyle above for the supra-temporal; it overlaps by its flat lower end the forked top of the
clavicle. The clavicle (cl.) has two flat spines at the top, the front one reaching furthest upwards ;
it is a large, sinnous, ridgy hone, bent suddenly below the upper third, and presenting a narrow
but deeply grooved front towards the gill-opening. Behind, it sends an upper posterior plate,
which lies in front of and shghtly external to the pree-coracoid (p. cr.) and middle brachials (b.).
More than the upper half of the lower third gives off an ear-shaped “inter-clavicular process,” (i. ¢l.p.)
in front of which is seen the body of the coracoid (cr.). The clavicle widens below, is subangular,
convexo-concave on the outside, and scooped within to receive the epicoracoid cartilage (e. cr.).
The post-clavicle (p. cl.) is a slender, but strong style ; it is attached within the head of the clavicle ;
~ and is considerably smaller than that of Coffus (Plate I, fig. 12, p. cl.). Asin Coffus, the Shoulder-
girdle moiety is segmented into three parts, all wide apart; the first cleft being dependent upon
the excessive growth of the middle brachials (b.); and the latter caused by the intrusion of the large
clavicle. The scapula (sc.) is a very small bone; it is a low triangle, with the base attached to
the clavicle, and the upper angle notched ; it causes an emargination of the glenoid edge of the
uppermost brachial (b. 1), with which it is strongly clamped by means of periosteal layers, bnt
from which it is persistently separate. A space more than the length of the scapula intervenes
before we reach the pointed, unossified npper end of the pree-coracoid (p. cr.). This part is
nearly in a line with the body of the coracoid (er.), which is flat, but stout, and forms one hone
with the base of the prae-coracoid. The lower end of the coracoid is soft; it is angular in shape
and lies in the angle between the body of the clavicle and its “intcr-clavicular process "—oz éts
outside. The distal coracoid element—the epicoracoid (e: cr.)—is about the same distance from
the end of the coracoid that the pra-coracoid is from the scapula; it is an oval, double plate of
hyaline cartilage, and lines the smoothly scooped fossa, inside the distal end of the clavicle ; so
that the clavicle, in the adult, passes obliquely from the inside to the outside of the Shoulder-
girdle elements, and it is very probable that the inter-clavicular process is a later growth
than the body of the clavicle. As for the upper part of the clavicle, it simply lies in front of
the scapula and coracoid.

The brachial rays (b. 1—4) are extremely large, very flat, and together form a semi-oval
plate, the rounded edge being crenate, and the anterior edge straight, and applied to the
shonlder-bones. This is not quite a straight margin, for it is notched above for the scapula; it
bulges in the middle, where it reachcs the clavicle, and has the lower third, which is applied
to the pre-coracoid, straight. 'There is no actual division of the soft cartilage in front; behind,

! The gift of Mr. Waterhouse Hawkins,
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THE SHOULDER-PLATES OF ACANTHOPTEROUS FISHES.

F1e. 6 A. AmBLYOPUS ; left, and part of right side. Fre. 6 B. Gosius; front view of lower part
of Shoulder-girdle. Fic. 6 C. Brennius; left side, outer view. Fie. 6 D. Cranya;
right side, inner view. Fre. 6 E. Murrus; left coraco-scapular plate, outer view.
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however, the plate is elegantly four-lobed, and a considerable fissure passes forwards to the front
third. The middle brachials would have been oval if their fission had been perfect ; but the upper- ,
most (b. 1) is almost triangular, and is notehed in front, whilst the lowermost is somewhat lozenge-
shaped. The vertical rudimentary clefts are very small ; there is one notching the second and third,
and another the third and fourth; they are nearer the posterior than the anterior margin. The
ectosteal plates have met each other through the centre of the ray, but further outwards they
are very thin, and enclose a thick core of soft cartilage, continuous with the eommon band in
front and with their own marginal band behind. By eomparing this figure with fig. 12,
Plate II, it will be seen how near Co#fus and Amblyopus come to each other in the structure of
their Shoulder-plates.

Lrample 2.— Gobius minutus, Linn.

The true Shoulder-girdle and Arm of the Little Goby are shown in Plate IT, fig. 13,
magnified ten diameters. The proximal plate (sc., per. cr.) is a narrow band of partially
ossified cartilage, the unchanged part being nearly as long as the two ossifications taken together.
The bony scapula (sc.) is a peaked cap to this bar, the peak leaning baekwards towards the
arm-plate, and the base being pierced obliquely by the scapular fenestra” (sc.f). The
“ glenoid” coraco-scapular belt (gl) is rather thiek, somewhat variable in breadth, and is widest
above and below, where it forms the soft core to the scapula and coracoid. This latter part (p.
cr., cr.) has its pree-coracoid region half the length of the coracoid proper; they are nearly of the
same width, and meet at a very open angle; the end of the coracoid is soft, and the cartilage
fills the conical cavity of the cctosteal coracoid. In front and behind there is an inter-
clavicular wing ;” the hinder wing sends upwards the usual spur. At a short distance below the
coracoid, inside the grooved lower end of the claviele, which is here indieated by dotted lines,
there is a flap of soft cartilage, in shape a high triangle, with rounded angles below; this is
the epicoracoid (e. cr.); there has been but one transverse cleft, in this case, in the Shoulder-
girdle moiety.

' The brachial plate is one piece of hyaline cartilage, with four bone-plots marked out in it ;
and with two arrested vertical clefts ; these show the commencement of a division whieh, if perfect,
would have resulted in the formation of a post-brachial as well as a pree-brachial series. The
condition of this arm-plate, like the one in front of it, is very instructive ; it represents Amblyopus
in a much earlier stage of metamorphosis. In Plate II, fig. 14, a part of the middle transverse
cleft is shown, magnified 100 diameters. ~ The transverse row of intervening cartilage-cells is
continuous; its cells are only flattened, and are partly hidden by ¢ ectosteal” teeth (sutural
serrations). At the lower left corner a patch of rounded cartilage-eells (c) is seen, showing that
the eetosteal plate is deficient here and there, and also that it has not touched the underlying
cells ; for the cells seen as scattered over the surface, and transversely spindle-shaped, are bone-
cells, formed in the ectosteal layer, altogether on the oufside of the cartilaginons mass. Part of
one of the fenestra (f.) is seen, the rest being hidden by the sutural flaps: these flaps are very
common in the Fish-class, even when the ossification is incomplete; and these ectosteal growths
are wont to spread into the fibrous tissues much more readily than into the cartilage which
they invest ; they have both a centrifugal and a cenfripetal direction of growth; but when the
bony deposit affects the intercellular substance of the hyaline cartilage, it becomes
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““ endostosis,” — derived when commencing from the inside of the ectosteal plate, and szde-
pendent when it does not take its cue from that deposit. The semi-clefts between the
posterior part of the brachials, as seen in Amblyopus, are not present here, the larger posterior
band of cartilage being as continuous as that in front. The form of the brachials (b. 1—4) is
much tlie same as in the large tropical type, the upper being sub-triangular, the lowest having
an elegant fringed process of oufer bone, which fills an emargination in the lower edge of the

brachial plate; a triangular membranous space intervenes between this part and the notched top
of the coracoid.

Lzample 3.— Gobius niger, Linn. )

This larger native species of Goby differs but little from the small kind in its Shoulder-
plates; but the ossification is more intense. I am able to show its epicoracoids iz situ (fig. 6
B. e. cr.), and to assert that, although they are but little fused together on their inner face, yet
they are not so free of each other as in G. minutus ; they are also thicker.

Fam. BLENNIIDE.

Lrample 1.— Blennius pholis, Linn.

The Woodcut, fig. 6 C, shows the left Shoulder-plates of the Smooth Shanny (adult), as
magnified ten diameters. Dr. Giinther (‘ Catal. of Acanth. Fish. in Brit. Mus.,” vol. iii, p. 213)
falled to find the so-called “radins” and “ulna” in B. gatforugine, Will.; but this part, the
coraco-scapular plate, is not at all deficient in these Fishes ; it is, however, narrow, and very closely
adherent to the posterior crest of the clavicle. The synchondrosis between the scapula (sc.) and
the prae-coracoid (p. cr.) is very narrow, very much unlike what is seen in the Goby, and the
* whole plate is much more intensely ossified. The scapula (sc.) is very narrow above, and
forked ; it sends backwards a pedicle for the upper brachial (b. 1), is then very narrow, but soon
expands to receive the next brachial and part of the lowest but one. The coracoid (p. cr., er.) is
of the same size as the scapula, the pree-coracoid forming most of it, which has the glenoidal region
for the lowest, and half of the next brachial. The true coracoid (cr.) is very small, and projects
but little forwards; a long distance intervenes before we come to the small oval epi-coracoid
(e.cr.); its position on the inside the base of the clavicle is indicated by dotted lines. The post-
clavicular splint (p. cl) is twice as strong as in the Cottoid and Gobioid TFishes. The
brachials are very large, and much unlike what we sece, as a rule, in Fishes with large pectoral
fins. The 1st (b. 1) is fan-shaped, so is the next, but bent in a‘sigmoid manner; the two lower
rays are hourglass-shaped in outline; they all have a narrow cartilaginous proximal end, and
distally they are soft to a great extent. They are entirely separated from each other, are more
typical in shape than in the next instance, and also than in the Zrigle, Cotti, and Gobii ; alto-

gether they form a connecting link, morphologically, between the lower and higher types of the
Acanthopteri. ‘
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Erample 2.— Anarrkichas lupus, Linn.

Morphologically the Wolf-fish is below the true Blennies; it is more aberrant from the
typical Fish, and the Shoulder-girdle is in a much more arrested condition. The post-temporal
is not forked ; the supra-clavicle is more than twice its length; this latter bone is thick above
and in front; for the greater part it is thin and extremely fibrous, and of great breadth. The
clavicle is a thick style above ; then the thick front part sends back a triangular plate like the
supra-clavicle, but with its thin fibrous margin looking upwards instead of downwards. In front
it is thick on the inside; outwards it is knife-like. At the middle, behind, there is a small
plate for attachment to the Shoulder-girdle; below that, and further inwards, there is a small
inter-clavicnlar process. Below, it is rounded, and on the inside there is a scooped part, half an
inch high and a quarter of an inch broad, for the epicoracoid cartilage, which evidently exists in
the fresh state. The post-clavicle is either very small or absent. Nearly half of the scapula—its
upper part—is ossified ; it is fenestrate; its cartilaginous part ends below in two free points.
At some great distance from this part is the coracoid; its preecoracoid part is broad, and the
proper coracold very short. The brachial plate is in the same morphological condition as that of
Gobius minutus and G. niger, being unsegmented, save by the double ectosteal plates and their
vertical fenestree. There are four bone-plates, the upper the smallest, the lowest but one the
largest ; across this region the width, in an average specimen, is one inch five lines; the whole
length (height) is two and a half inches, the greatest thickness two lines.

Fam. “ Lorurmz.”

s

Ezample— Lophius piscatorius, Linn.

This is a very low type of Fish—a long way below the typical Acanthopteri. Professor
Owen (° Catal. Hunt. Mus.,’ vol. i, p. 73, No. 309) says that the scapula and supra-scapula
(snpra-clavicle and post-temporal) are confluent.. This i1s a mistake; the latter is quite distinct
from the former, is not bifurcate, and fits, by a squamous suture, to the occipital region. The very
small scapula and coracoid (the former a fenestrate bone) have, indeed, coalesced with the clavicle
(sec ¢ Owen’s Lectures,’ vol. i1, p. 121, fig. 40, 52, 54, 55). This is a Siluroid character. I have
also described a similar state of things in Gasferosteus. The post-clavicle (op. cit., fig. 40, 58) is
very slender ; there are two very long brachials, the lower much the largest (op. cit., fig. 40, 56).
Here is another gemeralised character, reminding the observer of the Crossopterygide —a
sub-order of the Ganoids (see Huxley’s ‘ Mem.,” p. 23); and the Woodcut (fig. 1 C) already
described.

I now come to the Shoulder-bones of the typical Fish, namely, the higher genera of the
Acanthopteri and the Pharyngognathi: all these, as a rule, conform to one pattern of growth,
and wmay all be illustrated by the structures to be found in one of the least typical genera,
for example, Ckanna. 1 shall afterwards give an illustration or two of gentle deviations from
this typically ichthyic condition, and then return, by as short a route as possible, back to the
Ganoid border.

7
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ACANTHOPTERI TYPICL
Fam. “ OPRIOCEPHALIDAE.”
Lzample—Channa orientalis, Schneider.

For a description of the * Ophiocephalidee” generally, and of Ckanna in particular, I refer
the reader to Dr. Giinther’s invaluable ¢ Catalogue of the Acanthopterygian Fishes in the British
Museum,” vol. iii, pp. 468—483; they come next after the Grey Mullets (Mugilidae). The
Woodcut (fig. 6 D) shows the right moiety of the Shoulder-girdle, with its splints, as seen from
the inside; and this drawing may serve as a diggram for what may be found in by far the
greater number of the nobler TFishes, viz. the Percoids, Scienoids, Scomberoids, Cheto-
donts, Mugiloids, and the Labride. The post-temporal (fig. 6 D, p. t.) is bifurcate above; it
overlaps the spatulate supra-clavicle (s. cl), which in its turn overlaps the clavicle (cl.).
The clavicle has an outer and an inner lamina in front, a broad upper part, and a feeble
posterior plate, for articulation with the trne Shoulder-bones. The upper post-clavicle
(u. p. cl.) 1s an elegant, semi-oval, foliaceous bone, with a feebler, styloid, lower post-clavicle
(L p. cl) articulated to its inside. The scapula (sc.) is an irregularly pentagonal plate, well ossified,
and having an horizontal ovate fenestra (sc. f.); its “glenoid” margin receives the brachials
(b.). The oblique synchondrosis between the scapula and coracoid (p. cr. cr.) is narrow, and the
latter bone is well ossified ; the prae-coracoid portion is oblong, and of considerable size; the
coracold proper joins the pree-coracoid by a very narrow isthmus ; but this narrow part is supple-
mented by the anterior and posterior *interclavicnlar ale ;” the hinder of these underprops the
lowest brachial ; they both turn inwards. Below, the coracoid becomes thick, and it ends in the
concavity of the clavicle, at the top of its lower fourth. 'The brachials (b. 1—4) are four in
number ; they increase in size from above downwards, the upper being almost triangular, the
rest short-oblong ; the lowest has an inferior wing: and all of them are thick and well ossified,
with but little intermediate notching.

Fam. “ SCOMBERID&.”

Erample 1.—Zeus faber, Linn.

Cuvier (‘Reégne Animal’) must have had good reasons for placing this Fish amongst the
Scomberoids ; yet it is a most aberrant form, and so is the next example which I shall give,
namely, the Opah (Zampris).

The post-temporal of the Dory (Plate I, fig. 14, p. t.) is closely articulated with the skull,
as in Loplius, Syngnathus, &c. ; it is a narrow dense bone, and articulates with the epiotic above,
and with the pterotic and opisthotic below ; two strong tubulated supra-temporals are strongly
clamped to it in front. It has a deep condyloid cavity for the supra-clavicle below ; and this
latter bone (s. cl.) has an elegant trochlea at its top, for articulation with that cavity ; its direction is
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inwards. The supra-clavicle is styloid below, and has three retral spines above, like the sub-marginal
spines, above and below the body of the Fish ; these spines are separated by sharp notches. The
clavicle (cl.), which is deeply sulcate at its outside above, for the supra-clavicle, is an extremely
long bone, and withal very strong; it is bent on itself, at a few degrees more than a right angle,
at the junction of its upper and middle third, and behind the bend there is a sharp spine, which
looks upwards.  Below this spine there is a triangular plate, which overlaps the post-clavicle (p..cl.) ;
above the spine this dense bone is flat on the outside, smooth, and semi-cylindrical within. Below
the bend the bone is curved gently backwards, and is divided by three deep sulci into three strong,
smooth wings—an antero-internal, an antero-external, and a posterior ; the antero-internal, from
its upper half, sends backwards a fourth plate, the innermost, which reaches only half way down.
The three main wing-tracts are continued to the bottom of the bone, where it is tied to its
fellow of the opposite side. The post-clavicle (p. cl.) is spatulate at the top; then thick, strong,
four-edged, and grooved deeply in front and behind ; it meets its fellow of the opposite side, at a
great distance from the clavicle; yet it is set on to the inside of that bone by much less than a
right angle. This bone is like that of the Balistidee, and so are many other parts of the
skcleton of this strange-looking Fish ; and T am of opinion that this type is the nearest point
of meeting of the Acanthopteri with the Plectognathi. The scapula (sc.) is typical, but its
“fenestra” is finished in part by cartilage ; there is also a considerable tract of cartilage between
it and the coracoid. The scapular part of the glenoid region receives the three upper brachials
and part of the lowest (b. 1—4). The coracoid, deprived of its inter-clavicular ale, would be an
elegantly adze-shaped bone; its prae-coracoid part (p. cr.) i1s a quadrant, with a cartilaginous
selvedge along its rounded supero-anterior edge; this edge and the front margin of the scapula
are partly hidden by the posterior plate of the clavicle. The hinder and lower margins of the
prae-coracoid are very thick ; where these thick edges meet, the body of the coracoid has been
reduced to a small isthmus of cartilage; but it gradually increases to an exquisitely rounded,
delicate, subarcuate rod downwards. This rod is invested by a very dense, highly polished
ectosteal sheath, which does mot quite reach the base of the clavicle; but the frec cartilaginous
end of the coracoid does gain the abdominal line. The nerve-foramen (cr. fo.) is seen where the
body of the coracoid is most attenuated; behind this passage the posterior inter-clavicular wing
sends upwards a blunt spine; this narrow ala only reaches half way down, and it is curved a
little outwards. The anterior inter-clavicular wing is very large, and occupies two thirds of the
front of the coracoid rod; it is crenate, with notches of various sizes in front, lies a small
distance from the posterior wing of the clavicle, and its junction with the lower edge of the
prae-coracoid can be clearly seen above ; yet there was but one ossification for the whole coracoid
originally, as far as I can make out. The whole of the coraco-scapular plate is gently convex on
the outside. There are four brachials (b. 1—4); they increase in size, both as to length and
breadth, from above downwards; they have the hourglass-shaped outline, are very long, and are
unossified at both ends.

Erample 8. — Lampris guttatus, Retz., Cuv.

The skeleton of the Opah, to be seen both in the Hunterian and British Museums, 1s well
worthy the study of the anatomist who would understand the relation of the subcutaneous
splints to the endo-skeleton ; in it they are both developed in a very extraordinary manner.
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The post-temporal is forked, and the supra-clavicle is a sub-triangular plate; the clavicle 1s
of an enormous size, and is bent backwards much more than in the Dory (Plate I, fig. 14, cl.).
There is a large ovato-oblong upper post-clavicle, and an extremely long lower post-clavicle ; so
that this Fish comes very near the spiny Globe-fishes in this respect (see Woodeut, fig. 4 C,
u. p. cl, L. p. el.). There is a very large, lanceolate membranous interspace between the concave
posterior outline of the clavicle and the concave anterior ontline of the coracoid. The scapula
is semicircular, and has a rounded “mnotch” in front instead of the usual fenestra. The
synchondrosis between the scapula and prz-coracoid is very narrow, and almost horizontal ; and in
the latter bone the distinction between the pree-coracoid and the coracoid is but slightly evident,
for the inter-clavicular wings are of great extent, and the original cartilagions model has left but
little mark in this expanded bone. The coracoid reaches to the basal line below; and 1t
seems very probably to have had originally some assistance from an *inter-clavicular” ossicle;
otherwise the periosteal layers of the ectosteal sheath of the coracoid have indeed run riot.
"The osseous substance of the true Shoulder-girdle is dense, but coarse ; that of the splint system
is extremely splintery, but these bones are stronger than those of the Balistidee, just as these are
stronger than those of Diodon and Ostracion.

If there are any Genera lying in a direct line between these most aberrant Scomberoids—
the Dory and Opah—and the Plectognathi, a knowledge of their osseous structire would be
extremely interesting : perhaps some Semi-plectognath may turn up.

Fam. ¢ Prrcipz.”
Example.— Mullus barbatus, Linn.

The Shoulder-girdle of the Red Mullet differs in one important point from ordinary typical
Acanthopterous Fishes, namely, in the presence of an additional fenestra to the scapula. The
Woodcut (fig. 6 E) shows the left coraco-scapular plate from the outside, and magnified two
diameters. The letters a. f. indicate the anterior fenestra; p. f., the posterior; p. sc., the pree-
- scapula; m. sc., the meso-scapula; and sc., the scapula proper, or post-scapula. The glenoid
region (gl.) is principally scapular; the synchondrosis is moderate ; the prae-coracoid (p. cr.) very
broad ; the moderately developed inter-clavicular wings of the coracoid (cr.) have an average size.
T have not hitherto seen any other instance of the additional fenestra of this scapula in Osseous
TFishes, but 1 have already described it in the Skate (Plate I, fig. 2); here, however, the anterior
fenestra is coraco-scapular ; that this makes no rcal difference will be seen from my next instance,
namely, the Cod, in which the single fenestra belongs to both regions.

When we come to the Lacertilia, this triple condition of the scapula will be seen again ; and
it is very clearly indicated in certain Mammalia.

The Order Anacanthini is not very far removed from the Acanthopteri typici in the
structure of their Shoulder-bones ; but there are differences worth noticing. It was in observing
the structure of the common Cod-fish that I first saw the relation of the true Shoulder-girdle to
its splints, and also that the coracoid of this and of typical Fishes generally is essentially a double
or forked ray—a view the truth of which can be easily demonstrated by a reference to the state
of these parts in the Carp and its congeners.
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Fam. < Gapipzx.”

Lramples.— Morrhua vulgaris, Cuv.; Morrkua eglefinus, Cuv.; Merlangus vulgaris, Cuv.;
Merlucius vulgaris, Cuv.

The shoulder-splints of the Cod, Whiting, and Hake are quite normal as to strength ; but the
stoutish post-clavicle is single. The knife-like supra-clavicle and the large clavicle of the Cod
are well shown in Huxley and Hawkins’s “ Atlas’ (pl. xi, figs. 12 @ and 12 8) ; it is seen in these
figures how that the true Shoulder-plates (4 ¢) are only half the length of the clavicles (2). In
the Cod (Morriua vulgarts), and still more in the Hake (Merlucius vulgaris), the post-branchial
part is narrow, but thick ; the antero-external lamina, especially in the Hake, lies quite externally,
close under the skin of the Fish’s side.

The posterior lamina of the clavicle is turned inwards, and only serves for the attachment of
the scapula and pre-coracoid; it passes oufside them (see ¢ Atlas,” fig. 12 4). In the Whiting
(Merlangus vulgaris) the bones are similar to those in the Cod ; they are very delicate and thin,
but well ossified. In the Haddock (Morriua wglefinus), however, the splint-bones are all
extremely solid, approaching in this respect the “ os petrosum ” of the Mammalia. In this latter
Fish the spine of the post-temporal is long and delicate, but the head of the bone is very massive ;
the supra-clavicle is a stout nail, with an oblique head ; and the clavicle, stout throughout, is, in
its lower half, a solid, thick spindle of bone. The post-clavicle, which is single and large in all
the Gadidee, is stoutest in the Haddock; in all the head is dilated and hooked. The
scapula of the Gadide differs from. that of the typical Fish, in having the fenestra (c. s. f.)
common to it and the coracoid (see Plate II, fig. 15, c. s. f.) ;' but the most important thing to
be noticed is in the differentiation of the cartilage into three rays—a division first marked out in
the Skate (Plate I, fig. 2), but more clearly to be seen in certain Lizards, e.g. the Iguana.
This triple condition of the coracoid in the Cod-tribe is partly masked by periosteal growths, that
fill up the angle of the ““ notch ” between the meso-coracoid and the coracoid ; and the lower part
of the “fenestra,” which belongs partly to the scapula, and originally extended downwards to the
common point of union of the three rays of the coracoid. If the reader will hold the macerated
coracoid of a Haddock up to the light, he will see the triangular pree-coracoid, the narrower
meso-coracoid—broadest in front, and the long, delicate coracoid proper. Between these is to
be seen the thin, intervening, periosfeal spaces ; the upper filling-up the pointed, lower part of the
“fenestra;” the middle one in the almost right-angled space between the meso-coracoid and
coracoid ; and the large *posterior inter-clavicular wing,” which rises up below the lowest
brachial (Plate II, fig. 15, b. 4), and runs to the bottom of the rod in the Cod and the Haddock.
In the Hake (AMerlucius) the parts are all slenderer; the coracoid, especially, is extremely
delicate (twice as long as in the other Gadida), and has its “wings” only half the length
of the rod out of which they grow. The thick, stout brachials are somewhat hourglass-shaped ;
there are four of them, and they increase in size from above downwards.

The soft-finned Fishes (Malacopteri) that go to form Miller's Order Physostomi will
bear considerable subdivision; yet it is casy to see that the Apodal types should form a
Sub-order (see Owen’s *Lectures,” vol. ii, p. 48); but the Siluroids, which I have already
treated of, ought certainly to make a Sub-order by themselves. Then, as far as my part of the
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skeleton 1s concerned, the Salmonoids, Cyprinoids, and Clupeoids, go together to form
another group ; at any rate, they most clearly foreshadow the Amphibia in the structure of
their Shoulder-girdle. The plan of this Memoir, however, embracing, as it does, the Shoulder-
bones of all the Vertebrata, does not allow me to linger amongst the Fishes, but only to
catch np the chiefest modifications, so as to throw light upon these structures in the whole
¢« Sub-kingdom.”?

Fem. “MurzNivz.”
Ezample.— Anguilla acutirostris, Yarrel.

My dissections of the Sharp-nosed Eel were made from very young specimens ; the one
whose Shoulder-plates are figured (Plate IT, fig. 9) us magnified twenty diameters, measured
three inches in length. There is no post-temporal; the post-clavicle also is absent; but the
supra-clavicle (s. cl.) is a strong rod, slightly bent backwards, blunt above, pointed and flat
below ; both this bone and the clavicle are very solid, rounded bones for a Fish. The lower
splint-bone (cl.) is like the one above it, but is twice as long and twice as thick ; it is reduced to a
rounded point above, where it is somewhat flattened, and it is pointed below ; above the point therc
is a scooped space on the outside. Altogether, the clavicle of the Eel comes very near to that of
the Blindworm (4zguis) ; it is very loosely connected with the true Shoulder-girdle moiety.

The inner element of the Ecl’s Shonlder is a flat four-sided plate with all the angles except the
postero-inferior, produced into a more or less rounded process. It is of moderate thickness, but
very flat on both sides; the bony scapula and coracoid have both appeared as semicircular
ectosteal plates. The former (sc.) is placed between the ascending, long, anterior process of
the cartilage and the shorter posterior lobe; it is like a saddle, and the unchanged cartilage
simulates the neck and rump of the Horse. Antero-inferiorly there is an oval “fenestra ™ (sc. f.),
with its narrow end backwards, and its broad end reaching the cartilage in front; the back of the
saddle-shaped bone is sinuous. The coracoid (cr.) is much like the scapula, but broader, and it
has no fenestra; there is a large “ clavicular,” a ““ glenoid,” and a ““synchondrosial ” tract of soft
cartilage. The glenoid region is at first concave, and then convex in outline; it is in relation
with eight drumstick-shaped brachials (b. 1-—S8), which are small, and feebly ossified, being soft
at their enlarged ends.

My first Abdominal Physostomous Fish belongs to a group which looks towards the
Lepidosteus.

Fam. “Esocipz.”
Lzample.— Esox lucius, Linn.

As the splint-bones of this Fish are, on the whole, typical, I shall confine myself to the
true Shoulder-girdle. The specimen dissected and drawn (Plate II, figs. 10, 11) measured six
inches in length, and the figures are magnified twelve diameters. Fig. 10 shows the left moiety

1 The position of the Gasterostei with their abdominal « ventral > fins, is very doubtful. The
ligament which binds the anterior extremity of their swim-bladder to the upper part of the alimentary
canal is always perforated in an early stage.



THE SHOULDER-GIRDLE IN FISHES. 55

from the outer or convex side; and fig. 11 is a section through the widest part, illustrating the
convexo-concave character of the plate, and the manner in which it is becoming ossified. The
general form is crescentic, but the upper and lower ends arc dilated—the former in a rounded
manner, and the latter, which is much less enlarged, is cmarginate. The middle part of the
cartilage is greatly expanded ; in front in an evenly ronnded manner, whilst the hinder margin is
developed into two slightly separated lobes.

As there is, in my knowledge, no Fish with a fenestrate coracoid, I shall take the ¢ fgnestra ¥
as a landmark. To the middle of the “fenestra,” at least, and perhaps lower, all is referable to
the scapula ; and the osscous plate is essentially scapular, but the fenestra is coraco-scapular, as in
the Codfish ; and the scapular bony plate has trespassed on to the coracoid region. But the whole
of the glenoid margin (gl.) is scapular, and below that region to some extent ; here the bony sub-
stance began, and passed over the inner and onter side of the plate simultaneously. The glenoid
region has four irregular notches, and there is a very arrested brachial series of rays articulating
with that notched border. The whole brachial plate has the form of a triangle, nearly equilateral,
with the apex downwards. From the base, one somewhat bent, drumstick-shaped ray (b. 1),
with soft ends, has been perfectly cloven; but the next ray, which is shorter, is separated from
the one below it by a long “notch,” which is closed proximally. A feebler and shorter third
ray, not severed from the second, comes next ; this is severed from the rather large apical part by
an anferior notch, closed by a considerable isthmus of cartilage behind. This band of cartilage
is continued ncarly all round the lowest and smallest ray (b. 4), which is triangular, and clamps
the upper edge of the apical moiety.

The morphologist could not desire a more instructive stage than this ; the process of cleavage,
or dehiscence, takes place, as it were, before his eyes, and in obedience to a law which in one
sense is unalterable, and, in another view, may be said to produce all the variety to be seen in
the Vertebrate Endo-skeleton.

Fam. ©“SauMonNiDzE.”

Lizample.—~ Salmo fario, Linn.

In Plate 11, figs. 7 and 8, the Shoulder-girdle of a half-grown Trout are shown, magnified
two diameters ; fig. 7 shows the outside of the left moiety, and fig. S the inside. The splint bones
are simple, fibrous plates; tender, and very inornate,- as compared to what we see in the
Acanthopteri. The post-temporal (p. t.) is strongly forked; the supra-clavicle (s. cl.) long and
spatulate ; the post-clavicles flat, thin, and, contrary to the rule, the lowest is much the largest.
The clavicle (cl.) is strongly bent forwards on itself at the upper third; its post-branchial plate
forms almost the whole of the bone, the onter part of which is parallel with the sides of the Fish,
whilst the inner part, slightly concave, looks as much forwards as inwards. The posterior plate,
therefore, must be looked for on the inner side (fig. 8); it is a very long balk or ridge of bone,
and gives attachment to the anterior margin of the scapula. This latter bone (sc.) is imperfect
in front, there being a large headland of soft cartilage; it has in it a smallish  fenestra” (sc.f.) ;
the whole region is subquadrate. Between the scapula and the coracoid proper there is a
considerable tract of cartilage (fig. 7, sc. er.); the coracoid (cr.) is thick, trihedral above,
elegantly arcuate, with the convexity backwards, and it has a long sub-brachial process ; both the



56 i SHOULDER-GIRDLE AND BREAST-BONE.

scapula and the coracoid lie in the same plane, and the soft end of the coracoid reaches nearer
the abdominal line than the clavicle. But izside the.junction of the scapula and coracoid there
is a mass of cartilage, which sends a long and stoutish crus forwards and upwards, so as to be
attached to the inner ridge of the clavicle, near its middle (fig. 8). This bar is ossified, save at
its ends, in the same manner as the scapula and coracoid, namely, by  ectostosis ;" it is the pree-
coracoid, which in nearly all the examples hitherto given has been ossified continuously with the
coracoid proper. This element figures greatly in the Amphibia, as an ectosteal bone; but never
afterwards, as far as I know, as it is soon subjected to morphological degradation; and although
it often reappears, it is always as a late-ossifying endosteal bar. 1If we compare the brachials of
the Trout with those of the Pike, we shall sece that Nature has “ changed hands,” and that these
rays, which are like small drumsticks, increase in size from above downwards (see figs. 7 and S,
b. 1—4) ; they arc soft at each end, and the lowermost has a small periosteal wing.

I shall omit the Cyprinide, for although they differ from the Salmonide so much in
the character of their bones, which are as remarkable for density and strength as the others are for
extreme thinness and friability, yet, morphologically, there is very little difference between them.

Fom. “CrLuprip®E.”
Erample.—Clupea harengus, Linn.

Here we have the same kind of Shonlder-girdle as in the two last-mentioned families ; but
there are some curious differences, and there is a gentle but evident descent in these Fishes
towards the true Ganoids. All through its skeleton, the Herring shows how little it has been
subjected to the severe numerical laws that affect the typical Fish; yet it is most instructive, that
what is excessive for an ichthyic type, is the true number for some higher type. This is well
. seen in the face, for few Fishes possess a malar or jugal; but the Herring has this bone,
and a “septo-maxillary ! as well: this condition is the rule in the true Reptilia. So for
vertical division of the arm-plate ; it occurs in the Ganoids, even amongst the recent ones, as
Polypterus and Calamoickthys ; but the Herring is the only Teleostean in which T have discovered
this second series. The splint-bones are fibrous, but tough and strong; they are smooth, dia-
phanous, eoncentrically marked, and correspond exactly to the overlapped part of the “eycloid”
scales of the same Fish. The post-temporal (fig. 6, p. t.) has a large thin body, with a long
bony mucous tube on it ; its spurs are long and arcuate; below, it overlaps the supra-clavicle.
This latter bone (s. cl.) is long, has a strong principal part, broader at the top than below ;
behind the base of the overlapping supra-temporal it gives off a semicircular plate, the exact
counterpart of the hidden portion of the ordinary cycloid scales of this Fish. The clavicle (cl.) is
much like that of the I'rout, for the antero-internal wing looks inwards and forwards ; the antero-
external plate lies under the skin of the Fish’s side. 'The posterior lamina of the elavicle is only
developed below, for the true Shoulder-girdle has, here, the same low position as in the Trout.
The lower part of the clavicle is hooked baekwards, as in the Opah-fish ; and above this part it

! This term is new to science, and is now being used by me in a paper on the * Osteology
of the Kagu »’ (Rhinochetus) ;.1 consider it to be the fore-runner of the so-called ‘turbinal ” of the
Lizard—the *‘ pre-vomer” of my former papers.



THE SHOULDER-GIRDLE IN FISHES. 57

has several enlargements, both before and behind ; one of these, in front, is a “cycloidal” plate
growing off from the body of the bone, and attached by a broad isthmus. The post-clavicles
(Plate II, fig. 6, p. cl.) are extremely interesting, for there is an additional piece; and, whilst
they retain their normal relations with the supra-clavicle, they yet have a new relation to the
clavicle itself,—lying on its oufside.

The first (p. cl. 1) is a long lozenge, lying within the supra-clavicle at the top; the uext
(p. cl. ) is spatulate, and is overlapped in the same way by the one above ; it also overlaps the
top of the third (p. cl. 3), which is long, styloid, f-shaped, and reaches the abdominal line.
These three post-clavicles answer to a subdivision of the subcutaneous part of the second infero-
lateral plate of Callickthys (Plate I, fig. 9, p. cl.); they have no representative in Gasterosteus
leiurus (see Woodcut, fig. 5 A) for the second lateral line-bone (l.1. 2) is small in that Fish, and
the rest of that second cincture is aborted by the huge Shoulder-plates. The abnormal position
of the post-clavicles in the Herring secms to arise from their having taken the cue of their
growth from the supra-clavicle only, thus losing their relation to the clavicle, which, indeed,
grows in a very wild way sometimes ; and 1 believe that variations iz overlapping in these splint -
bones are merely like variations in the growth of sufwral teeth.

The bend backwards in the clavicle is very low down ; and the scapula is placed below the
bend: (Plate I, fig. 4, cl. sc.); whilst the coracoid is placed face to face against the hollow inside
of the lower part of the great splint, and reaches quite as low, namely, to the abdominal line.

There is but little cartilage left between the coracoid and scapula (fig. 5, sc. cr.), and their
line of umion is very sinuous; the front margin of the fenestrate scapnla is soft, and so is the
space between the styloid prae-coracoid, and the coracoid (fig. 4, p. cr. er.). The bones them-
selves are very strong and ivory-like; but the coracoid is quite a sieve, all but the margin being
pierced throughout. Two of these perforations, in the lower part of the bone, tend to divide it
- into a pree-, meso-, and post-coracoid ; but the fission is very irregular, and its dehiscing force has
been scatteved all over the bone. The supero-posterior part of the coracoid is strongly developed
into sub-brachial snags. The brachial plate is well developed, its smallest end upwards, as in the
Trout ; it is divided both horizontally and vertically ; horizontally into five bars, and vertically
into two series, the front rays being much larger than those behind, which are little rounded
masses of bone. This subdivision of the arm-bones is what obtains in Polypferus; it is new to
me as occurring in a Teleostean, and I believe, in this respect, new to Ichthyotomy ; at any
rate, it is another explanation of the reason why the genus Awmia shou}d have such evident
Clupeoid relationships. :
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AMPHIBIA.
GENERAL REMARKS.

In passing from the Fish-class to the Amphibians, the Profeus meets us at the very outset
with a grade of development very little above what is to be found in the Fishes. TIndeed, the
whole group of Amphibians are so simple in their early embryonic development, that some
anatomists propose to class them, together with the Fishes, as one gronp—the ¢ Ichthyopsida.”

And yet the paternity of this Sub-reptilian group can be charged upon no particular
Order of Fishes; their nearest relatives are to be found amongst the generalised types, such
as the Plagiostomes, the Sturgeons, and Lepidosiren.

They all agree with the two latter types, and with Osseous Fishes generally, in having only
(as a rule) two or three vertebrz that can fairly be called cervical; for the apex of the supra-
scapula in the Frog, as well as in Profeus, is, in its first appearance, in relation with the second
“ intercentrum,” or between the second and third vertebre, exactly as in the Cod-fish.

The most snake-like of the Amphibians, namely the Cecilians, do not possess such accessory
parts of the skeleton as limbs, or even limb-roots, at least as far as my opportunities for dissection
have gone. My subject was the Epicrium glutinosum, from Ceylon.' 1In all those Amphibians in
which metamorphosis does not affect the tail (Amphibia Urodela) the ossific process is much more
arrested than in the Anoura; but in none of them is there any correlation of dermal bones to
the Shoulder-girdle ; on the skull there is such a coexistence of both species of bone ;-but not to
the same extent as has been described ; the supposed splints of the lower jaw being, in reality, -
“ ectostoses.”

In the Urodela by far the greater part of the Shoulder-girdle, and all the Sternum
(which is developed in most of the genera), continues totally unossified throughout life, whilst
the ““endostosis” which is set up within each ectosteal sheath is not quite coextensive with
the outer layer of bone, and can only be seen in sections. Moreover, the “ ectostoses” are arrested,
so that they only cover part of the territories to which they belong; and in certain genera only
one or two of these bony patches are developed.

“ AMPHIBIA URODELA.”
A. With one Ossification in eack moiety of the Shoulder-girdle.

Erample 1.— Proteus angwinus, Laurenti.
My specimen of Protexs® measures eight and a half inches from end to end; and the figures

! The gift of Dr. Giinther.
? This, with two fine Axolotls, and several other valuable specimens, I have received from
Mr. Edmund Christy ; they belonged originally to his late lamented brother, Mr. Henry Christy.
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I'have made from dissection of its Shoulder-girdle (Plate IT1, fig. 1, and Plate IV, fig. 1) are magni-
fied four diameters. The girdle is incomplete both above and below ; above, each “ supra-scapula
(s. sc.) is a line below the spines of the second and third vertebre ; below, the « epi-coracoids ”
(e. cr.) are a line apart. The cartilaginous supra-scapula is somewhat triangular in shape, but
runs into a bilobate form through the concavity of the upper margin and the roundness of its
free angles; the front angle projects most. The scapula (sc.) is a very delicate, flattened, pha-
langoid ray; it is a shaft-bone, so arrested at both ends as to make the supra-scapula appear
larger than it really is, whilst, below, the glenoid region is, like all the rest of the half-girdle,
entirely unossified. :

. The whole structure on each side is continuous; but two clefts appear, and are arrested ;
one, rather small, in the fundus of the glenoid cup (gl.), closed at both ends, and pear-shaped ;
whilst the other is a large notch, almost separating the pree-coracoid from the coraco-epi-coracoid
plate (p. cr., cr, e. cr.). The smaller, anterior end of the glenoid cleft answers to the generally
distinct nerve-passage, so well known in the coracoids of the Oviparous Vertebrata.

This is one of the most interesting points in the morphology of the Limb-girdles: we have
seen the scapula completely cloven from the coracoid, and the middle brachials wedged in
between them in Co#fus; and now the 'first and lowest Amphibian has these two main
regions to a considerable extent separated by a cleft; another instance will immediately be
shown, and then we see no more of this cleft until we are some way into the Class of Birds,
where, with the exception of the typical Ostriches, it is always present and always perfect. Once
out of the Bird-Class, however, and we see it no more except in the Mole ; yet in the Bird-Class
we always have its pelvic counterpart in the oval fenestra in the fundus of the * acetabulum,”
partially separating the “ilium” from the “ischium”—the two rays which, in the pelvis, repre-
sent the scapula and the coracoid.

The cleft between the pre-coracoid and the main coracoid is imperfect proximally ; it is a
notch, which to a great extent separates the former knife-shaped flap of cartilage (p. cr.) from
the latter, which is a large, oval, convexo-concave plate, the extensive, free, thin, lower margin of
which does not reach the mid-line of the body ; the right and left moieties are a line apart ; this
distal margin of the coracoid is the “epi-coracoid” (e. cr.). Below the thickened margin of the
glenoid cavity the coracoid has a crescentic notch; this is opposite the anterior cleft, so that
there is here a rather narrow waist to the cartilaginous plate, an isthmus scarcely two lines across
(Plate IV, fig. 1, p. er,, er.). No cartilage is developed in the snner layer of the lower part of
the thoracic walls, such as exists in most of the Urodela; that is to say, there is no Sternum °
(Plate I1I, fig. 1).

Ezample 2.— Menobranchus lateralis; Harlan.

My figures of the Shoulder-girdle of this South-American Amphibian have been made from
Professor Hyrtl's dry skeleton' of an adult male, and here I have no Sternum to speak of,
although T am not certain of its non-existence; the figures are magnified two diameters

! I have made free use of the invalnable specimens in the Museum of the Royal College of
Surgeous, which were purchased of Professor Hyrtl in 1862; one splendid case is full of Anoura,
the other contains the Urodela (including the Cecilians), and also the Reptilian Chirotes.
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(Plate IV, figs. 2 and 3). Here the supra-scapula (s. sc.) i1s somewhat fan-shaped, with the
anterior angle sharp, whilst the posterior angle is rounded. The scapula (sc.) is relatively
broader than in Profeus, but is similarly arrested at both ends. I can sce no glenoid fenestra in
this preparation, and the nerve-passage is large and distinet, about a line behind the end of the
great coracoid notch.

The pree-coracoid (p. cr.) is relatively somewhat longer than in the Proteus, and the epi-
coracoid (e. cr.) is rather notched in the middle of its free margin.

Lwample 3.— Menopoma alleghaniensis, Harlan.

My figure of the Shoulder-girdle and Sternum of this North-American Amphibian is partly
from Professor Hyrtl’s dry preparation of a young male, and is partly also copied from plate v,
fig. 2, of his valuable work on Cryptobranchus ; it is shown as magnified two diameters. The
supra-scapula (Plate III, fig. 4, s. sc.), is of a less elegant shape than in the Menobranchus, and
the scapula (sc.) is more ossified; partly affecting the glenoid cavity, above. I am not aware
if there be a glenoid fenestra; but at any rate the nerve-passage is quite distinct. The wholly
unossified pree-coracoid and coraco-epicoracoid differ from their counterparts in the last species
by their rounded contour, and the former flap (p. cr.) is relatively shorter and broader; the free
margin of the epi-coracoid (e. cr.) is sinuous.

This is my first instance of a Sternum.(st.), but as the next two instances will show that part
better I shall describe them more at length. This figure (from Hyrtl), shows, however, the thick
inner lips of the coracoid grooves, the grooves themselves, the scooped inner face of the Sternum in
relation with the pericardium in the fresh specimen, and the emarginate, abrupt, posterior margin,
with no meso-xiphisternal rudiment, such as we shall soon have to describe; the whole of this
profosternum 1s the counterpart of the ‘“manubrium” or “pree-sternum” of Man and the other
Mammals. This little cartilage is primarily double, and belongs to the first dorsal vertebra, and
perhaps also to the last cervical; and the non-development of the greater part of each costal arch,
laterally, does not altogether prevent the out-cropping of a portion of the inverted Aeysfore, which
in the air-breathing Vertebrates is so constant a correlate of the Shoulder-girdle. The visceral
lamine as they approach may be thick or thin, according to what may be developed in
them; but when the Shoulder-girdle and Sternum are coexistent in the same somatome, the
latter is on the ¢nside of the former, and, as it develops, its perichondrium will be found to run

msensibly into the fibrous layer which lines the thorax, and also, most intimately, into the
pericardium.

Lixample 4— Cryptobranchus japonicus, Bechstein.

My figures of Cryptobranchus (Plate 111, figs. 2 and 3) are taken from Professor Hyrtl’s
work (plate v, figs. 1 and 3) ; they are of the natural size. By comparing figs. 2 and 4 it will
be seen how much the corresponding structures are alike in Crypfobranchus and Menopoma ;
the supra-scapula (s. sc.) is not so broad relatively in the former as in the latter; but the pre-
coracold (p. cr.) of Cryplobranchus is much the broadest, and is of an elegant elliptical shape; the
cleft dividing it from the coracoid (cr.) is also more developed than in Menopoma, as is seen by
the position of the nerve-passage. The epicoracoid region (e. cr.) is also less produced anteriorly.
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in fig. 2 the glenoid fenestra is not seen—it lies in shade, but it can be seen in fig. 3; it is
quadrilobate. The Sternum (st.) is two-thirds the size of the coraco-epicoracoid plate, and is very
unsymumetrical ; this arises from its relation to the overlapping epicoracoid. In the figure it is
shown as drawn away from these flaps, but they, in certain positions of the living creature,
reach to the oblique, thick ridges on the inside of the sternum ; anterior to these ridges the
unequal, thin, sinuous, lower coracoid lips are seen, which are out-growths of the pri-
mordial part of the Sternum, and which waderlie the epicoracoids. The antero-lateral
margins are notched (sinuously) twice; the posterior margin is deeply bilobate, and near the
emargination there is a foramen—not an uncommon thing in the Sternum of the Urodelous
Amphibians.

Erample 5.—Siredon pisciformis, Shaw.!

The Axolotl’s Shoulder-girdle and Sternum are shown in Plate VIII, fig. 1, three times the
natural size; they are from fresh dissections, and are shown as somewhat outspread for the sake of
diagrammatical accuracy. 'The fan-shaped supra-scapula (s. sc.) has a constriction below, showing
the commencement of the true scapular region, left untouched by the arrested shaft-bone. The
scapula (sc.) is oblong, with slightly sinnous sides, flat, and rather dilated below, not reaching quite
to the middle of the glenoid excavation, which is triangular and thick-lipped : it is not fenestrate
within, but is carved out of thiek cartilage. There are two nerve-passages, a line apart, on the
left side, showing that they are not a very accurate landmark, but useful, nevertheless. 'The
pra-coracoid (p. cr.) is narrow, oblong, short, and slightly emarginate at its free end; the notch is
cut out in a rounded manner, and its lower boundary, or outline of the epicoracoid (e. cr.), is wavy.
Yor the rest, the main coracoid lamina is large, oblong, squarish behind, and rounded in front ;
its posterior angle is rather acute and produced, like what is seen in all the higher Ovipara.
The left moiety underlies the right, and, in an undisturbed state, the large free edges of the
Sternum underlie both ; the epicoracoid edges abutting against the thick inner coracoid lips—the
earliest part of the Sternum. This is the most symmetrical Sternum to be seen amongst the
Urodela, but it is emarginate behind, and only represents the ¢ manubrium.” The decussating
lines, showing where the great pectoral muscles crossed each other, are well seen; but thereis no
ridge for the recti abdominis—the Sternum is concave in this part, at the mid-line. The heart
lies on the Sternum as on a shallow dish, and the connective fibres forming the pleural lining of
the thorax, and those that form the pericardium, and the perichondrial investment of the inner
face of the Sternum, are badly differentiated. .

8. With two Ossifications in each moiety of the Shoulder-girdle.
Lzample Y —Siren lacertina, Linn.

My figure of the right moiety of the Shoulder-girdle of the Siren (Plate III, fig. 5) is shown,

! The Axolotl, as I have learned since the above was written, is merely a large arrested
larva. of the American Salamander (4Amblystoma): only a minority of individual Axolotls undergo
metamorphosis, ;
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as magnified two diameters, from Professor Hyrtl’s dry preparation of an adult female from
Carolina ; but as the cartilages were somewhat spoiled by drying, I have finished this figure from
the woodcut made from one of Sir Charles Bell’s beautiful sketches (Fourth Bridgewater Treatise,
page 68). The supra-scapula (s. sc.) is rather small and elegantly fan-shaped ; the scapula (sc.)
is a phalangoid shaft of bone reaching up well above, but, although broad, deficient below. The
pree-coracoid (p. cr.) is knife-shaped, and the main coracoid more pointed at the ends than is usual.
The nerve-passage is well shown, and the glenoid region is unossified, neither reached by the
scapula above nor by the new bone, the coracoid, behind and below.

The coracoid shaft-bone (cr.) only covers half its own region, and is semi-oval, and thick at
its concave, free, upper margin; its lower edge defines the epicoracoid (e. cr.) region behind. No
Sternum is to be seen in Hyrtl’s preparation, although I should suppose that it might be found
in the fresh specimen.

Erample . —Amplivma didactylum, Cuv.

In this Amphibian I have been enabled to get a fuller conception of the Shoulder-girdle by
referring to Hyrtl’s work (plate v, fig. 4) as well as to his dry preparation of the parts. My figure
(Plate IV, fig. 4) represents the inside of the right moiety, magnified four diameters. There is
1o Sternum to be found in the preparation, and I question very much whether it conld be seen in
the fresh state. This I infer on account of the very small relative size of the parts, and their
persistent separation from each other on the sides of the thorax. The supra-scapula (s. sc.) is
small and sub-triangular; the scapula (sc.), a somewhat curved and rather flattened ray, ossified
as a shaft; whilst the rest of the structure is an irregularly bilobed convexo-concave plate. The
prae-coracoid (p. cr.) is only slightly cloven from the other part by a triangular notch ; there is a
relatively large, squarish, bony coracoid (cr.) entirely insulated by cartilage, even along the glenoid
margin, and towards the base of the scapula: all the epicoracoid (e. cr.) continues soft.

c. With three Ossifications in each moiety of the Shoulder-girdle.
Lzample 1. — Phaenerobranchus mexzicanus, Wagler.

The right moiety of the Shoulder-girdle of this Mexican Amphibian, is drawn from the
skeleton of an adult female in the Hyrt! Collection (Hunterian Museum) ; it is magnified three
diameters (Plate III, fig. 6). Here, again, I miss the Sternum, which must have existed in the
fresh state ; but I am glad of what I have found, namely an additional instance, besides that of
the Newts and Salamanders, in which the three main regions of the Shoulder-girdle are
to some extent ossified. In mere outline, this structure is like that of the Axolotl, but
the pra-coracoid (p. cr.) is rather less, and diverges more; the scapular shaft (sc.) has
ascended higher and descended lower, and has met and to some degree coalesced with a
small, square, proximal prae-coracoid (p. cr.), and with a much larger, and very irregular
coracoid (cr.) The large nerve-passage is seen to be in the suture between the pree-coracoid
and the coracoid.
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Lwvample 2.— Lissotriton punctatus, Latreille.

I am able to give several stages of the Common Smooth Newt; the youngest of these was
five and a half lines in length, and an external view of the left moiety of the Shoulder-girdle of
this larva is shown in Plate III, fig. 7, magnified forty diameters.

Every essential part of the Shoulder-girdle is to be seen in this early stage, which represents
the permanent condition of the Profews; for the Sternum is not distinguishable in the delicate
blastema forming the lower edges of the ventral laminz.

The supra-scapula (s. sc.) is fan-shaped, and the handle-like part passes insensibly into the
narrow scapula (sc.) which is already ensheathed by a delicate, corrugated ectosteal layer. The
cartilage-cells of the scapular region are evidently entirely unaffected at present by the bony film
which invests them. The rest of this plate of frail, young cartilage, is free from bony invest-
nient ; the nerve-passage is very clearly displayed ; and the coracoid notch is large and semicir-
cular ; the pree-coracoid (p. cr.) is a mere bud ; and the epicoracoid (e. cr.) is asickle-shaped bar.
The glenoid cavity is a large wavy-sided triangle; and the proximal part of the humerus, the
bony shaft of which has appeared, is seen in its place.

In another specimen of Zissotriton punctatus, nearly twice the length of the last, (ten lines),
. and the figures of which are magnified thirty diameters, great changes of form have taken place,
and the Sternum is to be seen. The characteristic height of the supra-scapula (Plate 111, fig. 8,
s. s¢.) is now shown ; and the sheathing by a thin corrugated bony plate of three-fourths of thc,
scapular region (sc.) The budding pree-coracoid (p. cr.) has become longer, but is still relatively
short and narrow ; the glenoid cavity (gl.) has acquired more perfect lips. The epicoracoid region
(e. er.) has spread in all directions, and is fast approaching the mid-line below ; the notch has
become narrow, and the nerve-passage has a large space of cartilage between it and the notch :
no bone has appeared, except that which enrings the scapula.

The Sternum (Plate ITI, fig. 8, st.) can now be seen, but its cells are much younger than those
which form the mass of the Shoulder-plate; and the left margin is merely a somewhat consistent
band of granular blastema. The form is that of an equilateral triangle, but the base behind
is produced, and not notched as in the Axolotl. Thave not been able to find a primordial fissure
along the mid-line of the Sternum in any Urodelous Amphibian; but in all the true Salamanders,
even in the adult, the anterior margin is obliquely split for some distance. It is quite probable
that the great priority of development of the moieties of the Shoulder-girdle, their huge relative
size, and the great extent to which they overlap, may bias the growth of the tardier, and feebler,
correlated sternal plate. I shall, without going out of my way, subsequently show some clear
instances of unsymmetry in the right and left halves of the Sternum in the Warm-blooded Classes ;
and it is quite possible, and even probable, that one half of the very primordial Sternum of a
Salamander may get the start of and overreach the other, (

The next stage is that of a Zissofrifon punctatus one inch and eight lines in length; the figure
(Plate III, fig. 13), shows the inside of the right moiety of the Shoulder-plate; part of the left
moicty; and the Sternum, magnified twelve diameters. The parts are drawn from each other,
for they are very loosely attached, but the epicoracoids naturally lie in the sternal grooves, and
overlap each other. .
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The supra-scapula (s. sc.) is a very regular oblong, save that the upper margin of the bony
scapula (sc.) ascends as it passes backwards; below, it is wedged between the arrested pree-
coracoid and coracoid shafts. Only the root of the now very broad, spatulate prae-coracoid (p. cr.)
is ossified, and the nerve-passage lies in the proximal part of the suture which separates it from the
coracoid ; this latter boue is oblongo-lunate, and nearly reaches to the glenoid cavity (gl.).
The -extensive epicoracoid region (e. cr.) is much broader than in the last stage, and the
Sternum (st.) shows the extension backwards of the posterior angles, the flappy condition
of the margins (lower coracoid lips), the concavity for the pericardium, the oblique fissure
separating the right margin from the rest of the Sternum, and which appears to be the pri-
mordial divisional line, and the evident xiphoid process. In Plate III, fig. 10, I have given
the upper view of the Sternum of an adult, magnified twelve diameters, showing a very short
xiphisternum, a very irregular condition of both upper and lower coracoid lips, and especially a
remarkable chink, which would, if carried on, separate the Sternum in precisely the same way as
it seems to be primarily divided in fig. 8. Fig. 11 is the under view of that of another adult,
magnified twelve diameters, and showing a longer xiphisternum, with a strong keel that separates
the recti abdominis ; a thick mass between the oblique bevelling for the pecforals; the lower
coracoid lips; and a deep oblique chink, which may indicate the primary separation between a
small right and a large lef¢ moiety. The Sternum of another adult (Plate III, fig. 12, st.), which
with the rest of the figure is magnified eight diameters, shows a still longer xiphoid process, and
still more produced posterior angles; but the anterior chink is less demonstrable. In this last
stage the supra-scapula (s. sc.) is relatively less oblong than the last, having a much more convex
front margin, and being less deep. The scapula (sc.) is much broader, because of the periosteal
filling in of the acute angle between it and the pree-coracoid (p. cr.). Here the prae-coracoid is
narrower in front, and the epicoracoid (e. cr.) is broader. The three bones have coalesced, and
the coracoid (cr.) has ossified most of the glenoid region. This figure shows to what an extent
the epicoracoids can overlap each other in this group, where they attain their most exorbitant
dimensions.

Lxample 3.— Triton cristatus, Laurentt.

For comparison with the last instance I give the parts of the Shoulder in the Warty Newt
(Plate 1V, figs. 12—15; figs. 12 and 13 magnified six, and figs. 14 and 15 nine diameters). The
supra-scapula (s. sc.) of this large old male has the forma which is found in the half-grown
Lissotriton (Plate 111, fig. 13), being very deep, and oblong in shape. The scapula (sc.) is very
low and wide, and is almost anchylosed to the other bones; the deep rounded corner between it
and the preae-coracoid (p. cr.) is filled in by periosteal growths. Part of the suture between the
latter bone and the coracoid (cr.) is seen in front of the nerve-passage. The coracoid has reached
still further into the extensive epicoracoid region (e. cr.) than in ZLissofrifon ; and both this and
the free part of the prae-coracoid answer very exactly to the corresponding parts in the half-grown
Smooth Newt. Plate IV, fig. 12 well shows the liberal growth of the primordial skeletal
substance, so ready to be metamorphosed in the Vertebrata generally, and yet so proof against
metamorphosis over such large areas in these larva-like creatures. The Sternum (st.) of the
Warty Newt is much like that of the smooth kind; but the anterior oblique fissure is on the
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other side, as though the /ef# side had been the smallest. There are several holes through the
cartilage, like the one in the Sternum of the Gigantic Salamander; and fig. 14 shows a double
oblique bevelling for the pecforals ; also a keel, the prototype of the great *“ entosternum ” of the
Bird. But the keel for the recti abdominis is the largest, and makes the short xiphisternum to
be trihedral. The inner part of the Sternum is shown in fig. 15; it is bounded by the
coracoid grooves in front, and by the concavity for the heart behind. Here I may refer to
a section of these parts in the Smooth Newt, which throws light upon the same struc-
tures in the Amphibia Urodela generally. Plate III, fig. 14, shows the lower part of the
thorax of an adult Lissofrifon in a vertically transverse section and as magnified fifty diameters.
The lower edge of the epicoracoids (e. cr.) are seen to rest on the shallow coracoid groove;
the Sternum is seen to be somewhat concave at the mid-region, and thick submesially. This
thick part indicates the place of the first deposit of cartilage, and is persistently, as it was
originally, inside the lower lips of the Shoulder-girdle. The pecforals (p. m.) are seen with the
tendinous raphe uniting them in the middle; whilst the cutis vera (c. v.) and the cuticle (c. t.)
complete the cincture.

Liwample 4 —Salamandra macvlosa, Laurenti.

My other instance of this group is the Common Salamander, and, thanks to Mr. Tegetmeir,
I am able to give dissections of four individuals, of different ages. The youngest specimen was
one inch seven lines in length ; and the figures of its Shoulder-girdle (Plate IV, figs. 5 and 6)
are magnified twelve diameters. The supra-scapula (s. sc.) is fan-shaped, and has its anterior
angle notched ; the scapula (sc.) is the only part ossified (this condition agrees with my first
group) ; and it is much like, al;chough less slender than, the scapula of the Profexs. The triangnlar
coracoid cleft is not deep; and the broad pra-ecoracoid (p. er.) is somewhat rounded at its free
end : the glenoid cavity (gl.) is deep, acute anteriorly, and sharply lipped; in front of it is the
very constant foramen. The rest of the plate of cartilage is oval and very large (fig. 6, cr., e. cr.),
and overlaps its fellow to a very great extent. The Sternum (st.) is relatively smaller than in
the Newt ; its cells are younger than those of the Shoulder-plates ; and in this stage the xiphoid
process has not appeared. The flap on the right side is of more delicate tissue than the rest,
and altogether appears to be of an independent growth; the flap on the other side— left lower
coracoid lip” is pointed and projecting, anteriorly. The muscular grooves are well seen crossing
each other, and dividing the whole Sternum into four lozenge-shaped territories. The next stage
1s seen in fig. 7; it is the left moiety of the Shoulder-plate of one nearly adult, magnified five
diameters : the main thing to be noticed in this specimen is, besides the relative stoutness, the
advent of two new bones—the prae-coracoid (p. cr.) and the coracoid (cr.). The nerve-foramen
is at the front of the suture between these two bones; altogether their development is very
much like what we have seen in the Newt. In Plate 1V, fig. 9, the whole Shoulder-girdle and
Sternum of this specimen are seen from below ; this figure shows the rounded pree-coracoid and
epicoracoid flaps (p. er., e. cr.); the overlapping of the latter; and the triangular Sternum (st.)
with its foot-shaped xiphoid process. The lower coracoid lip of the right side is seen to be very
large, and to be separated for one fourth its length by a clean-cut fissure from the rest of the
Sternum : I may remark, that although I found no essential difference in the Sternum of - the
individuals dissected yet no two were alike in minor points.

9
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In Plate IV, figs. 8 and 10, the parts of an old specimen are given, magnified four diameters ;
fig. 8 showing the left and part of the right Shoulder-plate, whilst the same parts are seen from
behind in fig. 10. The former figure shows the complete fusion of all the bones, and the more
pointed pree-coracoid (p. cr.); and the latter displays the acefabuliform glenoid “cavity, and the
thickness of the plate in its various regions ; they both show what is worthy of remark, namely,
that whilst in those shown in figs. 6 and 9 the left epicoracoid lay beneath the right, the right
underlay the left in this aged individual.

In remarking upon fig. 8, besides the rich de\clopment of solid cartilage, let us notice
that the angle between the scapula and pree-coracoid (sc., p.er.) is not filled in by perichondrial
hone. Plate IV, fig. 11, shows a section of the Sternum from side to side, and magnified ten
diameters ; it is much thinner than in the Newts, and is invested with a loose perichondrium
passing insensibly into the pericardium. The letters st. are placed where the heart lay, the
right side of the figure being the cutaneous surface.

“ AMPHIBIA ANOURA.”

Were it not for the Caducibranchiate Urodela—the Salamandrinz, the gap between the
Urodelous and Anourons types of Amphibians would be a large one; in reality it is not so
narrow as might be supposed, for the difference between the two is wellnigh equal to that which
is found between the Heferocercal and Iomocercal Fishes ; and like that which we have at last
come to see between the Archeopteryz and the typical Bird. Besides the rapid absorption
and modification of the large series of candal vertebrse mm the Anoura, we have a sudden and
rather surprising development of the limbs; and it is not to be passed over without remark that,
as guadrupeds,—although the *heavy-gaited Toad lies in” your “way,” sluggish and languid,
yet the highest type—the Frog, a Locust among the Vertebrates, has no compeer, gymnastically,
until we come to the Kangaroo and the Beaver; and, although ichthyic in his essential nature,
in activity he is at once a rival to both these athletes.

Consonant with the sudden activity of the Anourans we have remarkable changes in the
structure of the Limb-girdles, and also of the Sternum ; but the ribs are still abortive, and a large
space exists in the side-walls of the thorax, unguarded by bone or cartilage (a correlation this,
beautiful enongh, with the extreme fecundity of these creatures), whilst in apposition with the
hiuge, elastic, mobile Shoulder-girdle, a considerable Sternum crops out in the lower part of the
thoracico-abdominal walls. In the Anoura a higher degree of segmentation is combined with
a fuller ossification ; and one new bony element, the ¢ supra-scapula,” developed by two kinds of
osfosis, appears in every known species. "

In all the known Urodela the endosteal deposits are entirely ruled by the much earlier and
more potent ectosteal sheath; in the Anoura this state of things is rare, (for instance, in
Pelobates) ; but as a rule the two processes are independent of each other: the two deposits
of bony matter often continue distinct thronghout life. The Anoura cannot trace their descent
from one ichthyic fatherhood; for in them is combined the histological and morphological
characters of the Plagiostomous Shark and Ray on one hand, and the Sturgeon and the
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ordinary Osseous Fishes on the other: like the Ray and Shark, however, as far as the
Shoulder-girdle is concerned, they have borrowed no parosteal growth from the skin and its
infoldings.

The order in which my instances arc described does not assume to be “ systematic,” in a
zoological sense. It will, however, harmonize unconsciously to a great extent with what is
really natural. The fifth Plate, which shows the development of the Shoulder and Sternum in
the common Toad and Frog, from my own dissection, may be passed over until the adult, or, as
in some cases, the half-adult forms (shown in Plates VI and VII) have been described.?

A. With no * Omo-sternum.”
A 1. With no cleaving of the Shoulder-plate.
Erample.— Microps oxyrhynchus, Fitzinger.

Plate VII; fig. 11, shows the Shoulder-girdle of a young female of this minute Brazilian
Frog, seen in an antero-inferior aspect, and magnified four diameters.

In this lowest Anouran the Shonlder-girdle, but for its three pairs of bony sheaths, would
answer very accurately to that of a young Shark (eg. Galeus), before coalescence of the two
halves below. In this, as in all the Anourans (and as we shall see in all the Reptiles), there is
no real transverse fission of the cartilaginous bars, although the flexion of the supra-scapula”
on the scapula (s.sc., sc.) is very considerable; for the bony deposit stops suddenly, and the
intervening cells of cartilage become very much flattened: yet no comnective fibre is intruded.
The supra-scapula of Microps (Plate V1, fig. 11, s.sc.) is like the blade, and the scapula (sc.)
the handle of a pruning-knife ; the convex edge of the supra-scapula is only partially ossified by
endostosis, and the outer bony plate covers about three fourths of the surface. A narrow syn-
chondrosis bounds the scapula, both above and below, and the lower of these is continuous with
the cartilage of the glenoid cavity (gl). Like the scapula, the coracoid (cr.) is a phalangoid
ray, somewhat crescentically curved, and bounded below a narrow lunate band of soft cartilage.
Save that the supra-scapula has in this case its own shaft-bone,” this little Anouran has pre-
cisely such a simple Shoulder-girdle as the Dinornis,? Emu, Rhea, Cassowary, and Apteryx
have, 1 have put in outline a supposed Sternum (st.) which, although not present in the
preparation figured, yet undoubtedly existed in the fresh state.

A 2.—With an arrested cleft in the base of the scapula, but with the coracoid simple.
Erample— Hyledactylus celebe;zsz's, Schlegel.

Plate V1, fig. 9 shows the Shoulder-girdle of a young male of this species, as seen from
above, and magnified three diameters. The specimen was from Ceylon.
In this Frog we have the supra-scapnla (s. sc.) normally large, spatulate in form, two fifths of

! All these, except Bufo, have been studied from Hyrtl’s preparations.
* See Owen on Dinornis (part ix), ¢ Zool. Trans.,” 1866, vql. v, part 5, p. 356, plate lv, figs. 2, 3, 4.
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its surface covered with the outer bone, and nearly all the rest hardened, superficially, by endo-
stosis; a narrow band of soft cartilage connects it with the scapula (sc.), which is hourglass-
shaped in outline. The concave anterior outline of the scapula is interrupted by a small spur,
and the ¢nner face has, along its middle, a strong smooth keel, relatively larger than the outer
scapular spine of the Fekidna. Below this spine the scapula bifurcates, and the hinder, short
division forms half the glenoid cavity (gl.); whilst the longer spur runs forwards, meeting the
head of the coracoid: the whole scapula looks very much like a high-heeled boot with the toe
part forwards. This is the normal form of the scapula in the Anoura; but the coracoid (cr.)
of Hyledaclylus is not normal, for it is merely one narrow-waisted, broad-ended bar, flattened,
and yet tolerably thick, with the broadest end below; there is but little soft epicoracoid below,
for the outer bone is well developed in this as in many other Frogs. This form of coracoid will
reappear constantly in the Bird Class with a few modifications. The Sternum (st.) in this species
is very large, and not unlike the blade of a cheese-knife; the prae-mesosternal part is broad, but
the xiphisternal end (x. st.) is more than semicircular, and has produced angles, looking forwards ;
the whole cartilage has but one two-layered, imperfectly developed ossification (endostosis), the
margin all round the plate being soft.

A 8. Supra-scapula inordinately large ; scapula minute and undivided; prae-coracoid
nearly as large as the coracoid, and separated from it by interruption of the epicoracoid
band.

Erample—Dactylethra capensis, Cuv.

In Plate VI, figs. 10—12, the Shoulder-girdle and Sternum of this extraordinary Frog are
shown, magnified two diameters. The specimen was prepared from an adult female individual.
In this form the supra-scapule (s. sc.) are so large and thin, that they look like the epicoracoids of
the Salamiander turned upside down. In outline they are bagpipe-shaped, and the ectosteal bone,
perfect in the narrow oblique lower part, only covers two fifths of the cartilage above. This
outer bone spreads above into two unequal leaves with toothed edges, the small leaf being the
one in front, and having, underlying it partly at its upper margin, an independent endosteal
patch, which is kidney-shaped. The free, thin, soft edges are quite as capable of overlapping
each other as the epicoracoids of the Salamandrines, and make a very ridiculous figure as
the capitular and tubercular parts of occipital pleurapophyses.” The extreme variability
in the relative size of morphological regions and elements is well shown in Dactylethra ;
for, combined with the largest supra-scapula, we find the minutest scapula (figs. 10 and
11, sc.).

This bone is a short, thick wedge, concave within, having an upper and a lower thick lip,
externally, with a fossa between ; and there is no trace of morphological cleaving ; it is well ossified,
and is separated by a narrow band of cartilage from the supra-scapula above, the prae-coracoid
(p. cr.) in front, and the coracoid (cr.) below. These three bones are united in the base of a
most elegant acefabuliform glenoid cavity, by a three-rayed suture, exactly like a Mamma-
lian “acetabulum,” and having the edge of the cup ckipped below, for the ligament, in precisely
the same manner. The prae-coracoid (p. cr.) joins the supra-scapula in front of the scapula, a
most rare connection, and showing that morphological “law” is neither 8/nd nor bound, and
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helps to form the glenoid cup fully as much as the scapula. A massive bone above, the pree-
coracoid gradually narrows to a point, and is, on the whole, a long falciform bar, with its convex
margin behind, and ending below in a jagged, thin, partially ossified cartilage, which lies in
apposition to its fellow of the opposite side (Plate VI, figs. 10 and 12.) Both in this hone and
the coracoid (cr.) the Dactylethra curiously adumbrates those Toads-in-armour (Schildkréten)—the
Tortoises ; for the coracoid is also a long and delicate rod, scarcely distinguishable from that of
the young Green Turtle (Chelone mydas, see Plate XII, fig. 2, cr.) ; and having a similar lunate
cartilaginous epicoracoid (e. cr.). This piece which has in it a small endosteal patch, runs along
by its fellow for some distance ; but, as far as Hyrtl’s beantiful preparation shows, ends in a point
a long distance from the pree-coracoid flaps (fig. 10, p. er. and c. cr.).

The Sternum (st.) is shaped like a rose-petal, the narrowed part lying between the epicoracoids :.
like the Shoulder-plates it is abnormal, being unossified, as in the Urodela.

A 4. Supra-scapula scarcely larger than in Microps ; scapula uncleft, and of great length ;
pree-coracoid and coracoid extremely unequal.

Example 1.—Systoma gibbosum, Wagler.

Plate VI, fig. 9, shows the Shoulder-girdle and Sternum of an old male of this species
(from the Cape of Good Hope), seen from an antero-superior aspect, and magnified four diameters :
it is a most abnormal type.

The supra-scapula (s. sc.) of this species is narrow, somewhat lunate, rounded above, mar-
gined by endosteal cartilage, which appears most in the notch at the base of the bony sheath ;
it is set on to the scapula at a right angle. The scapula (sc.) is more like that of a Chelonian
than an Anouran, being an almost cylindrical rod, and passing by anbhylosis at once into the
pree-coracoid and coracoid (p. cr., and cr.). These bars are reversed as to relative size; for the
coracoid 1s, as a rule, the largest; here, however, it is extremely small, whilst the pree-coracoid is
of great breadth, especially where it meets its fellow : there is but little epicoracoid margin (e. cr.)
to these bars. This curious Shoulder-girdle is almost precisely like the Hip-girdle of certain
Chelonians, e.g. Carctta caouana. Small as is the epicoracoid band, yet the left overlies the
right, and the narrow end of the oval “ coracoid fenestra” (c.f.) is towards this band. The Sternum
(st.) is oval, very small, and endosteally ossified ; it is by far the smallest Sternum I have met
with. :

Example 2.—Systoma granosum, Duméril.

Plate VII, fig. 10, shows the postero-superior view of the Shoulder-girdle of an adult
female of this species (from-the Cape of Good Hope), magnified three diameters. This in many
respects differs but little from that of S. gibbosum ; the supra-scapula (s. sc.) is more pointed and
straighter ; the scapula (sc.) is shorter and stouter, and ends in front in a kind of projection
quite similar to what I have described as the “ preacetabular spur” in the pelvis of Gallinaceous
Birds (¢Trans. Zool. Soc.,” 1864, vol. v, part 3, p. 166).

The three bones, scapula, coracoid, and prae-coracoid, are not anchylosed together, and the
two latter have cntirely reversed their relative proportions; the coracoid (cr.), is nmow a very
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massive and broad bone ; whilst the preae-coracoid (p. cr.) is a very small phalangoid bar. Here
we have the normal proportions of the ischium and puwbis of the Mammal. The coracoid fenestra
(cr. f.) the counterpart of the odfurator foramen of the Mammalian pelvis, is very small, oval, and
has its narrow end pointing forwards; the reverse of what obtains in S. gibbosum. The Sternum
(st.) is twice as large as in the former species, more normal in form, and ossified as in the other
kind.

A 5. Typical in all things save in the absence of the “ Omo-sternum ;’ the supra-scapula
being large; the scapula cleft below; and the pree-coracoid separated from the coracoid by a
large ¢ fenestra.”

Erample 1.— Ceratophrys dorsata, Neuwied.

Plate VI, figs. 2 and 3 show the Shoulder-girdle of an adult male of this species (from
the Brazils), fig. 2, being an upper, and fig. 3 a side view ; they are both of the natural size.
Here we see the large oblong supra-scapula (s. sc.), which is somewhat pinched at its middle,
having its imperfect outer bony plate covering rather more than the front half; but notched
below and arrested above, and having underlying it an independent endosteal growth, which
still leaves much of the upper and hinder part unossified altogether. The scapula (fig. 3, sc.) is
a long, flat, boot-shaped bone, of considerable breadth above, and then having an ankle-like
narrowing before it gives off its pree-scapular bar (p.sc.) The bony, outer plate, which only
crept from the front margin to a certain extent on both sides of the supra-scapula, has thoroughly
ensheathed the scapula ; so it does in the coracoid (cr.) ; but not in the pree-coracoid (p. cr.).
This latter bone is crescentic in shape, broad above, pointed below, and is clamped on to the
partially ossified cartilage like the back of a meat-saw. The coracoid, separated from the prée-
coracoid by a large tear-shaped fenestra (cr. f.), is a stout ray of the typical form, that form which
also we shall see to be the rule in the Bird-Class. The epicoracoid belts (e. cr.) are flattened,
but are undiminished in breadth, are endosteally ossified, and do not overlap each other. The
back of the glenoid cup (gl.) is seen to form a notable bulb on the inside, whilst on the outside
(fig. 3) we see that it owes most of its wall to the coracoid, and least to the pree-coracoid. The
Sternum (fig. 2, st., x. st.) is relatively the largest in the group, and has the prec-mesosternal
region ossified by endostosis, all but the low triangular apex; the xiphisternal portion (x.st.) is
unossified, and shows its primordially symmetrical character by being divided into two large
neatly rounded lobes.

Lizample 2.—Docidophryne gigantea, Fitzinger.

Plate VI., fig. 4, shows the Shoulder-plates of this huge Batrachian, of the natural size, and
as seen from above. Professor Hyrtl’'s preparation is marked as an adult female from Mexico.
The supra-scapula (s.sc.) is very large, and somewhat oblong, but with a concave anterior and a
convex posterior margin; the npper edge is gently rounded; ossification has advanced much
further than in the last species, but is of the same character. 'The scapula (sc.) is a robust bone,
considerably constricted in the middle, and having a very definite basal fenestra (sc. f.) : its suture
with the pree-coracoid is very extensive. The pree-coracoid (p. cr.) is very broad above, and then
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suddenly narrows, so as to become a cylindrical rod ; and the bony tubing having met behind
the bar approximates the posterior coracoid in character. This latter bone (cr.) is a stout but
rather narrow-waisted ray, having a short suture with the prae-coracoid, and a long one, at right
angles with ‘the other, with the scapula; below, it ends obliquely at the broad epicoracoid
band (e. cr.), which is hardened by endostosis. This band narrows considerably as it runs into
the pree-coracoid, and the left overlies the right. The Sternum (st.) is most instructive; for
although it is only imperfectly ossified, and has no outer sheath, yet it is very long, rather broad,
and the three great divisions into manubrium (pre-sternum), body (mesosternum), and xiphoid
process (xiphisternum) are marked out. The first division has its own endosteal patch; the
next sends its patch of bone for some distance into the soft, emarginate, xiphoid region, which
has no autogenous bone. '

Example 3.— Bufo agua, Daudin and Pr. Max.

Plate VI, fig. 5, shows the Shoulder-girdle and Sternum of this species of the natural size,
and from the lower aspect ; so that the left supra-scapula is not supposed to be cut away as in the
last, and, indeed, in most of the fignres.! !

This type comes much ‘nearer to Docidophryne than to Bufo, and the differences between
this and the last are of an indifferent nature; so that I need not give a detailed description.
The scapular fenestra is not to be scen in this figure; the inner face shows it hest. 'The pree-
coracoid (p. cr.) is relatively longer, and the coracoid (cr.) straighter than in Docidoplhryne, and
the epicoracoid band (e. cr.) wider in front. The Sternum (st.) is here elegantly formed, the
anterior margin being arcuate, and the posterior bilobate with retral angles. There are two
patches of nternal boue (p. st., and m. st.), and the latter runs into the soft xiphoid (x. st.).

Erample 4.— Oftolophus margaritiferus, Cuv.

Plate VI, fig. 8, shows the Shoulder-bones of this species—a female from the Brazils; as
seen from above and maguified three diameters. The supra-scapula (s. sc.) is of great depth, and
rather broad ; narrowest at the upper margin ; three-fourths of it is covered with owZer bone, and
most of the rest is ossified internally. The scapula (sc.), pra-coracoid (p. cr.), coracoid (cr.),
and epicoracoid (e. cr.) are quite normal or typical, and are very much like those of Bufo agua,
but the Sternum (st.) has only one tract of endosteal bone, which affects nearly all the
cartilage. In shape the Sternum is an elegant spatula, and it is relatively of a very large

size.
Frample 5.— Pelobates fuscus, Wagler.

Plate VI, fig. 6, shows the parts of the thorax in an adult male of this Austrian Toad,
magnified three diameters. This, if there be such a thing, is a generalized form. - In general

! This is one of the old preparations of Batrachia in the Museum of the College of Surgeons; it
is described as asspecies Ceratophrg;s; but this is corrected in MS. in the visitor’s copy of the Cata-

logue, see vol. i, p. 121, No. 599.
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form it is very much like what we have been describing, but on closer inspection it is full of
differences.

In the first place it combines the Toad-character of no episternum with the Frog-character of
a shaft-bone in the true Stermum ; then, instead of having  independent endostosis,” this process is
altogether under the inflnence of the ectosteal sheaths; so that the cartilage which appears
beyond these plates is entirely soft; this and the large size of the epicoracoids (e. cr.) bring us
back again to the Urodela. Nevertheless, the supra-scapula (s. sc.), prae-coracoid (p. cr.), and
coracoid (cr.) are morphologically normal ; the coracoid fenestra (cr. f.) is small and tear-shaped.
The sternum (st.) is a long flattened ectosteal bar, with a rounded prasternal cartilage, anteriorly,
and a transversely oval xiplloid plate, equally soft, behind. i

Ezample 6.—Bufo vulgaris, Lanrenti.

My dissections of the Shoulder-plates of the common Toad are figured in Plate V, figs.
15—17, magnified seven and twenty-five diameters; and in Plate VII, fig. 4, magnified fonr
diameters: the latter is from a half-grown specimen, and the former from one. a few weeks
after its metamorphosis. The structures of this smallest individual are spread out to show the
exact relative size of the segments. There is less of the bony sheath of the supra-scapula (s. sc.)
on the upper surface (fig. 15) than on the lower (fig. 16) ; its jagged edges and the underlying,
independent, endosteal plate are well shown. The scapula (sc.) is completely ensheathed with
bone; it is a rather solid bar, and the base is perforated by the scapular fenestra (sc. f.), which
is seen above, but below opens into the glenoid cavity (gl.). Over this cavity there is (fig.
15, gl.) an independent patch of intercellular bone. Like the supra-scapular outer layer, " that
of the pre-coracoid (p. er.) is more below than above; it merely clamps the anterior margin of
the cartilage. The coracoid (cr.) is a complete ring of bone, but it has not reached the ends of
its own region; the coracoid fenestra is large and oval, and the epicoracoid (e. cr.) still quite
soft, and overlaps its fellow, the left overlying the right. The most important thing to notice in
this stage is the coalescence of the anterior part of the right and left prae-coracoids (fig. 17 shows
this part, magnified twenty-five diameters, and in this figure are seen the proliferating cartilage-cells,
lying in a profusion of intercellular substance) ; this is an unmistakeable Plagiostomous character ;
all the more to be noted because of its recurring together with “independent superficial endostosis.”

The Sternum (st.) at this stage has almost acquired its permanent form ; it is somewhat
hourglass-shaped, slightly emarginate behind, and wholly soft.

In the half-grown species (Plate VII, fig. 4) the supra-scapula (s. sc.) is broader at the
upper margin, and the anterior edge from being convex has become concave. The ectosteal layer
has become hatchet-shaped, the blade lying below, and the edge looking backwards ; whilst the
endosteal bone has, through the rapid growth of the cartilage, become divided into an upper and
alower patch ; these patches donot conform to the outer bone ; the scapula (sc.), the coracoid (cr.),
and the pre-coracoid (p.cr.), have advanced both relatively and really; and only the edge of
the hinder, broad part of the epicoracoid (e. cr.), is now soft, for the ¢ endostosis” has been
active since the earlier stage.

The Sternum (st.) has grown longer in the body and broader in the xiphoid process (x. st.);
the anterior part of the ‘pree-sternal region, and nearly all the xiphi-sternum s still soft ; the
rest is ossified by endostosis only ; there is, however, only one patch of this granular bone.
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Lxample T.— Bufo cinereus, Laurenti.

Professor Hyrtl’s preparation of this Austrian Toad shows precisely the same cha-
racters as those of Bufo vulgaris, which, in its adult state, only differs from half-grown
individuals by a fuller degree of ossification, and a somewhat more elegant shape of the
various parts.

B. With a rudimentary < Omosternum.”
Lzample 1.— Pipa dorsigera, Daudin.

Plate VI, fig. 1, shows the Shoulder-girdle and Sternum of a female Surinam Toad, of the
natural size; it is an upper view, with the left supra-scapula removed. In many respects these
structures are unique, in others we have a near approach to Dacfylethra; whilst as to the
“omosternum,” it agrees with the next instance—a very different type.

The supra-scapula (s.sc.) is very large, and irregularly fan-shaped, and can be bent at less
than a right angle upon the scapula: it has but little outer bone, and this is deeply cleft ; but
the endosteal bone extends largely along the cartilage, only the margin of which is soft for a
line or two in breadth.

The anterior fork of the sheathing bone is very narrow, and clamps the anterior concave
edge of the supra-scapula; the posterior part of the plate is widely divergent from the other;
and, although broad below, becomes pointed and hooked above. The intercellular bone is, as in
all the other plates, very compact ; it rcaches the posterior sinuous margin of the plate but not
the upper.!

As in Dactylethra, the scapula (sc.) is extremely small; it 1s irregularly five-sided, having a
straight upper margin and-a wedge-like base to fit in between the pra-coracoid and the coracoid ;
it is rather thick, and is undivided. The great inferiority of the scapula to the supra-scapula in
Dactylethra and Pipa is an excess of what 1s typical in the Anoura; they may both be called
“ultra-types.” Below the glenoid cavity each moiety of the Shoulder-girdle is developed into an
extraordinarily large plate, quite as large as, bnt very different from, what is seen in the
Urodela. “

Each Shoulder-girdle moiety is about twice as large below the glenoid cavity as above it
and the small scapula forms a narrow waist to this two-bladed plate. Underpropping the well
ossified scapula are two other shaft-bones, and between these a large cleft appears, which becomes
a “fenestra,” ten lines long and six broad, and having its long axis passing downwards towards

! Amongst the few specimens of Amphibian skeletons in the Museum of the College of Surgeons
that existed prior to the purchase of Professor Hyrtl’s splendid series, there has been for many years,
—that is, sincc the purchase of Hunter’s Collection, the skeleton of a Pipa, which has suffered equally
from injuries and from repairs—more ‘ discredited,” indeed, by the latter than by the former. In the
Catalogue (vol. i, p. 121, No. 601) it is thus written : “ The supra-scapula is bifurcate, its anterior and
longer branch resting upon the diapophysis of the atlas.” Thus the little &aft is described as though
it were a perfect thing, but the hugc blade is forgotten. :

10
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the mid-line, and backwards towards the Sternum. The posterior margin of this coracoid
fenestra (cr. f.) is formed by the coracoid (cr.), and the anterior and inner by the broad
epicoracoid cartilage (e. cr.); this latter margin is so accurately semi-oval that it seems as if it
were artificially cut ; it does not reach the mid-line of the body by three and a half lines. The
whole extent of the basal cartilage is two inches eight lines, and its widcning sides are to some
extent converted into perfect bone by the prw-coracoid (p. er.) in front, and the coracoid (cr.)
behind. The former of these is only formed at the anterior edge, and clamps it on both sides ;
is pedate where it helps to form the glenoid cavity, and then becomes a narrow, slightly curved
bone, which ends at the same distance from the lower edge as the “fenestra.” The coracoid
(cr.) has a small head, a rather morc constricted neck, and then at the middle has begun to
widen; so that whilst it is less than two lines wide above, it is nearly an inch across below, and
reaches the mid-line within two lines. The extensive, partially calcified pree-epicoracoid cartilage
runs behind the pra-coracoid outer plate, nearly to the glenoid cavity ; runs in front of it against
the mid-line, forming an *omosternal” lobe (o. st.), five lines long by four broad ; mounts upon
the front margin of the coracoid for three lines in extent, and runs round its base, forming a
plate equal in size to the main bone (cr.), behind which it sends a broad ascending process.
This extension of the epicoracoid dekind the coracoid as a hook or spur is repeated again and
again in the Oviparous Vertebrata, and I shall show how very marked a character it is in a large
number of Birds; that which is most noteworthy in Pipa is the great relative size of this
hook.

What is most remarkable of all in the Shoulder-girdle of this strange Toad, is the per-
fectly straight “harmony-suture,” formed by the meeting of the right and left pra-epicoracoids
(for in most of the Anoura, even when very small, they overlap) ; and the long, slightly sinuous
“hdrmony-suture” of the epicoracoids with the Sternum (st.) on each side. The former suture
is nearly two inches in extent; the two latter are each more than one inch. What there is of
the submesial cartilage in Dactylethra is straight also (Plate VI, fig. 10), and in Ceratophrys
(Plate VI, fig. 2) this line is almost straight; but for extent and perfection they bear no com-
parison with Pipa. About a line breadth of margin is left soft along the front of the ‘ omosternal”
lobe, and along the hinder margin of the ascending posterior spur of the epicoracoid (e.cr.); all
the rest of the cartilage is composed of two plates of granular bone, with a pith of unchanged
cartilage within.

The Sternum of Pipa (Plate VI, fig. 1, st.) challenges attention equally with the rest of
the thorax-plates; and this, not only on account of its huge horizontal expansion, but because it
is arrested at that same morphological condition which we find temporarily in the Common Frog
at its first exit from the water—when it has been fairly curtailed. The long sutures of the
Sternum with the epicoracoids have been described ; they form with each other rather more than
a right angle. The free edges of the Sternum are of equal length with the others, but they are
concave at the middle, and swell at both ends; whilst the xiphoid extremity, not at all produced,
is rounded exactly like the ‘“omosternal ” rudiments; this rounding of the free part of the
Sternum spoils the otherwisc very regular lozenge-shape. Measured fore-and-aft, and from angle
to angle; the Sternum is more than one and a half inch; the latter measurement being slightly
the longest. In the condition of its ossification it answers exactly to the pree-epicoracoid, and
the free margin has the same amount of soft cartilage.

The Pipu seems to me to be one of those beautiful instances of * shifting of hands” which we
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find in nature; for surely, if there be such a thing as morphological “isomorphism,” we have it
here, where the whole creature is so much like a flat-bodied Water Tortoise, and where the endo-
skeletal thorax-girdle as perfectly enshields this sub-reptilian creature as does the exo-skeletal
box its nobler relative—the Chelonian. g

Erample 2. — Pscudis paradoxa, Wagler.

Plate VI, fig. 7 shows part of the thorax-plates, from above, of this Anouran, also from
Surinam.  Hyrtl’s preparation was made from an adult male, and I bhave magnified it four
diameters (sixteen in superficies), to make a comparison with Pipa.

This type comes much nearer the next (highest) group than the last; the only thing
keeping it out of that group being the arrested condition of the ““ omosternum” (0. st.), the halves
of which appear to be imperfectly joined ‘at the mid-line; certainly not segmented from the
pree-coracoid angle. :

The bifurcate scapula (sc.), cut away above the fenestra (sc. f.) in the figure, the long,
slender, grooved prae-coracoid (p. cr.), the well-ossified coracoid (cr.), and the overlapping,
endosteally ossified prae-epicoracoid (e. er.), are perfectly normal; the large, elegantly egg-
shaped coracoid fenestree (cr. f.) have their apices directed almost transversely.

c. With a perfectly developed Omosternum.*
C 1. Sternum devoid of Ectosteal Bone. ‘
Erample 1.—Acrodytes Daudinii, Fitzinger.

Plate VII, fig. 1, shows the parts of the Shoulder in an adult female of this Brazilian
species, magnified two diameters. The supra-scapula (s. sc.) is somewhat fan-shaped, but it has
that kind of asymmetry which obtains in the leaves of the Begonia, and some other plants, the
anterior margin being longer than the posterior, and concave in outline, whilst the latter is
convex ; the outer bone is unequal in the same manner. The upper margin is arcuate, and most
of the cartilage is affected by ‘‘ endostosis.” The scapula (sc.), pre-coracoid (p. cr.), and coracoid
(cr.) are typical; the coracoid fenestra (cr. f.) is an ellipse, and the epicoracoid (e. cr.) is con-
tinuous with a considerable amount of pre-coracoidal partially ossified cartilage, surrounded
by the outer bone; this continuous sheet of cartilage crosses its fellow, the left lying on the
right. .

Surmounting the anterior angles of thesc cartilages is a perfect “omosternum” (o. st.) :
it is short, spatulate, and has towards its base a deposit of endosteal bone. But the
true (costal) Sternum (st.) is very large, and extremely interesting morphologically, being
divided by “ endostosis” into two equal semi-osseous halves, with a narrow line of soft cartilage
between and behind them. With an obtusely irregular anterior margin, and slightly concave

! The Hyrtlean Collection will supply me with several instances of this culminating group; and
then I shall give an account of the development of the various parts from my own dissections of the
Common Frog.
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sides, this Sternum ends in two elegant xiphisternal auricles, separated by a notch of their own
width. This is my only exdmple of a symnetrically ossified Sternum in the Amphibia; but it is
a foreshadowing of what is constant in the Reptiles ; constant, but with the addition (as a rule)
of an intercalary piece in Birds, and not at all infrequent in the Mammals.

Erample 2.—Calamites cyaneus, Fitzinger.

Plate VII, fig. 6, shows the Shoulder-bones of this Australian type, magnified three
diameters ; it is drawn from the skeleton of an adult male.

The supra-scapula (s. sc.) is much squarer in form than the last, and the anterior
margin is convex, whilst the posterior is concave, contrary to the rule; and this change
affects the length of these margins also in some degrée: but the anterior lobe of the outer
bone is largest, as usual, and the uncovered cartilage is partly calcified throughout most of
its extent.

The scapula (sc.) has its prae-scapular fork (p. sc.) larger than the last; the pree-coracoid
(p. cr.) is also longer, and its pedate base is more extended; the coracoid (cr.) is slenderer, the
overlapping epicoracoid (e. cr.) narrower, and the coracoid fenestra (cr. f) twice as large, and
somewhat reniform. The omosternum is small, shark-tooth-shaped, and having an ectosteal
“crown,” and soft, diverging ““fangs”—a remnant of the original dividing-line notching this
plate behind. In the true Sternum (st.) this division is very much greater; and although these
two plates are not unlike, yet the true Sternum has no ectosteal sheath ; it is, however, affected
throughout by “ endostosis.” The pree-sternal margin is rounded, and this manubrial part is
only one third the length of the free, diverging “xiphisternal horns.” Here we have an
anticipation of the long free xiphisternals of the Sfellio Lizard ; of the Tinamou, Rails, &ec.,
among the Birds; and of the Pangolins (Manis brevicauda, Pholidotus Africanus), among the
Mammals.

C 2. Sternum with an Ectosteal Sheath.

Ezample 1.— Cystignathus pachypus, Wagler.

Plate VII, figs. 2 and 3, shows the shoulder-plates of an adult male (from Bahia) magnified
three diameters. This is a truly elegant structure, and approaches very nearly to the highest
kind of Anouran development.

The supra-scapula (s. sc.) is of the normal form, and the large ectosteal plate is hatchet-
shaped; its anterior edge thick, and revealing, in the angle, a patch of unchanged cartilage,
besides the soft upper margin. This depends upon the development of an upper, independent,
endosteal plate, as in Bufo wvwlgaris, bearing the same relation to the supra-scapula itself
that the epiphyseal supra-scapula does to the scapula in the Mammal, and even in
the Reptile; it is, essentially, a rudimentary, uppermost ray, thus making three supra-glenoidal
regions : in Anguis, as I shall soon show, the scapula itself 1s merely an epiphysis to the coracoid
shaft.

The scapula (sc.) is a stout boot-shaped bone, with a pra-scapular fork (p. se.) below ; the
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posterior bar forms almost half the glenoid cavity (fig. 3). In this figure the pree-coracoid (p. cr.)
is foreshortened ; but in fig. 2 it is well shown, and is like a serpent’s fang, only much
more grooved. This groove receives the endosteal cartilage, which, as a broad band, overlap-
ping its fellow (the left over the right), passes from the pree-coracoid to the coracoid. This
latter bone (cr.) is, as usual, perfect, is not over thick, and has quite the -shape of an ordinary
phalangeal bone. :

'The fenestra (cr. f.) is of an elegant tear-shape, and is directed transversely, the small end
outwards. The Sternum (st.) is composed of two parts; first, an hour-glass-shaped, but flattened
pree-mesosternal skaf?, and then of a transversely directed xiphi-sternum, which is somewhat
two-leaved, has an endosteal body and soft margin, and has its angles turned forwards as in
Bufo agua and Hyledactylus; but it is more clegant than either of these.

But this typical Ranine Sternum is not combined with a typical * omo-sternum,” for this
structure (0. st.) has no outer bone ; and yet, true to its primarily symmetrical nature, it has two
delicate endosteal deposits: its shape is not that of a short, but a long spatula. (See it as com-
pared with that of Acrodyfes, Plate VII, fig. 1, o. st.)

Lzample 2.—Pleurodema Bibronit, Tschudi.

Plate VII, fig. 5 shows the Shoulder-bones in this Chilian type, magnified four diameters;
the subject was a young female.

Referting at once to the keystone of the Shoulder-girdle, the “omo-sternum ” (o. st.), we
see, as compared with the last instance, and with figs. 1 and 7 (0. st.) of Plate VI, how varied
are the footprints of the same morphological power or force. Here (Plate VII, fig, 5, o. st.) the
symmetrical, segmented cartilages have been converted into one spoon-shaped flap, with a narrow,
snb-cylindrical handle, and a nearly circular, flattened bowl. The handle is a true phalangoid
shayt, and the bowl a broad epiphysis ; but these, at their junction, are sealed with the impress
of their primordial symmetry by a neatly circular “fenestra.”

Referring at once to the Sternum (st., x. st.), we find that the rounded pra-sternal end has,
like most of the xiphisternal, undergone endostosis ; but the hinder half of the pre-sternal region
and all the meso-sternum, form together one flattened ray, which is but little pinched at the sides.
The two halves of the xiphisternum are joined by a proximal isthmus for more than one third of
their extent, and the primordial notch is at first rather narrow, and then suddenly widens.

The supra-scapula (s. sc.) has sinuous sides, and the upper end not much wider than the
lower; the ectosteal sheath is almost symmetrical; and the inner margin of its forks bounds a
subtriangular lobate space of intercellular bone. The scapula (sc.), the pree-coracoid (p. cr.),
and the coracoid (cr.) are nearly like those of the last instance ; but the last two bones are wider
apart, the fenestra (cr. f.) being broader, whilst the elongated epicoracoids (e. cr.) do not overlap
so much. This is a perfectly typical species; the Shoulder-structures, altogether, having four
pairs of symmetrical and two azygous shafts (diaphyses).

Erample 8.— Plectropus pictus, Edyoux.

Plate VII, fig. 7 shows the lower part of the Shoulder-plates (from above) of a young
female of this species from Bengal, magnified six diameters. Here all the outer bones are present,
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and highly developed, although in this young specimen the azygous, terminal cartilages are
yet soft. ““ Ectostosis ”’ is more potent in this species than in any other I have examined; not
excepting even the Sysfome : it resembles, in this respect, the Carp amongst Osseons Fishes;
whilst Pelobates reminds one of the Lump-fish (Cyclopterus lumpus).

The ““ omosternum ” (o. st.) is not very rquch shorter than the true Sternum (st.); but it is
much slenderer; its free anterior cartilage is rounded, rather broad, and much like the free,
rounded xiphisternum (x. st.). The scapula breaks into a glenoidal and a prae-scapular fork
(p. sc., sc. f,, sc.) ; and the pree-coracoid (p. cr.) is of the normal form, but very long and slender,
and it is separated from the. coracoid (cr.) by so long and pointed a fenestra (cr. f.) that it very
nearly forms a notch, as in the Turtles, and in Struthio camelus. Moreover, its inner and outer
lamin have met behind, and the only uncovered cartilage is the small connection between it and
the coracoid. This latter bone is of the normal phalangoid shape; but, having taken up nearly
all the basal region by ectostosis, it is very broad and pedate sub-mesially, and approaches that
of the Bird, when there is no distinction, in ostosis, between the coracoid and the epicoracoid.
The junction of the two coracoids at the mid-line is sinuous; there is a very scant quantity of
cartilage at their edges.

Lrample 4.— Megalophrys montana, Kuhl.

Plate VII, fig. 8, shows the Shoulder-girdle of this kind magnified four diameters; it was a
young male from Java. The supra-scapula (s. sc.) is more regularly square than is usual, and
the outer bony part is more deficient behind; yet the endosteal bone is nearly coextensive
with the cartilage. The scapula (sc.) is very broad, and the fenestra (sc. f.) cleaving it below is
very small; the base of .the forks is very extended, so that the heads of the pra-coracoid (p. cr.)
and coracoid (cr.) are broad also. The prae-coracoid is serpent-fang-shaped, and much extended
forwards; the coracoid is very stout and short, is more than usually turned backwards: thus the
coracoid fenestra (cr. f.) is short and broad. The epicoracoid band (e. cr.) endosteally ossified,
and narrowest at the middle, is much extended fore and aft; and the left, normally, overlaps the
right. The omosternum (o. st.) is very small, oval, and unossified ; but the true Sternnm (st.) is
almost twice the average length ; has a small amount of soft cartilage at each end ; the anterior,
pree-sternal end is angular; the xiphoid end (x. st.) is but little extended, either laterally or
axially, beyond the shaft-bone. This is a long, flat, narrow-waisted bar, long enough to be made
into the many segments of the mammalian Sternum.

Liwample 5.—Rana alpina, Laurenti,

This Austrian species is perfectly typical in its Shoulder-girdle; and both the Shoulder-
sternum and the Sternum proper have a shaft and an epiphysis. My preparation of Rana tem-
poraria does not show any internal bone in the broad end of the *“omosternum ;” this may be
merely a matter of age. I shall not give figures of either . alpina or from my own specimens
of R. esculenta, but finish this group by describing the development of the common species.
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Ezample 6.—Rana temporaria, Linn.

Plate V, figs. 1-—14 show the modification undergone by the Shoulder-girdle and Sternum
from the time when the hind-legs have appeared (the fore-legs being hidden behind the oper-
cular folds) to the perfectly adult condition. ‘

First stage, ana 4. The tail was full-sized in this stage, and the fore-legs, although folded up,
were developing fast; the hind-legs were small, but very evident, and the long, flat-spiral coil of
intestine undiminished in length and volume: thus the Tadpole was very distended in its short
abdominal region, and the visceral laminze, which had met long before, were of extreme tenuity.
The Shoulder-girdle moieties at this stage are scarcely relatively larger than they are in the
Osseous Fishes, notwithstanding the large size of the supra-scapula (fig. 1, s. sc.), the point
of which does not reach the vertebral region; whilst, below, the distance to the mid-line (see
the dotted lines in fig. 1) is very great.

The- relation of the upper point of the supra-scapula at this stage is shown in fig. 2; it
corresponds to the intercentrum between the second and third vertebrae, and has no more relation
to the occiput than the same part in Osseous Fishes. This very minute Shoulder-girdle, which is
magnified twenty-five diameters (see fig. 1), has nearly all the persistent characters of that of the
adult Frog ; for ectostosis has begun in all the four normal regions; and, whilst from the first the
scapulee and coracoids (fig. 1, sc., cr.) are enringed with this thin, almost structureless, calcareous
film, the deposit forming the outer-bone' of the supra-scapula (s. sc.) and pra-coracoid (p. cr.)
is a two-edged plate, clamping the front of its cartilaginous model ; and, as is normal, it is larger on
the outside than on the inner face. The supra-scapula at present is twice as high as it is broad,
and is like a broad knife with a sinuous back, and a convex edge; this edge is the posterior
margin. There is a short handle to this knife, broader above than below, and rather constricted
at the middle: it is not much flattened : this is the scapula (sc.), and is much more than its
own length from the pre-coracoid. The massive glenoidal region (gl.) is all soft, and the cavity
is a good distance from the scapula above and the coracoid below. This “cup” is very
elongated, and has, at the middle of its outer edge, a very eleanly cut notch; near it I have
shown the head of the humerus (h.), which is already well developed. The cartilage is very
bulbous, both in front and below the glenoid cavity, and then the Shoulder-plate is somewhat
constricted at both sides, and dilates, so as to produce distinct angles below. This region is
cloven into a flat anterior, and a narrower, rounded posterior bar by the coracoid fenestra (cr. f.),
which is accurately egg-shaped in outline, the narrow end being above. Tlanking the anterior
bulbous part, and clamping the broader anterior bar, is the thin, two-edged, prae-coracoid plate
(p. cr.) ; and ensheathing the rounded bar behind is the coracoid (cr.), which is much like the
scapula, but not half the size. The crescentic, flat, broad bar bounding the fenestra below, and
running into both coracoid and pra-coracoid, is the soft epicoracoid (e. cr.). There could
be seen no mark. of the cleft which afterwards splits the scapula below, so that at present
there is only the coracoid cleft, imperfect at both ends, dividing the continuous cartilage ;
for the appearance of division between the scapula and supra-scapula is quite a deception.
Plate V, fig. 14 shows this part of fig. 1 magnified one hundred diameters; ec. 0. isthe
ectosteal scapular sheath; c., the cartilage passing into the supra-scapular region, and pr. the
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periosteum, which is only inflected because the sheath of bone has enlarged the Shoulder-plate
by its own thickness.!

- Stage 2, Rana B. In a few days the tail becomes reduced to half its former length and
bulk ; and by this time the moieties of the Shoulder-girdle have grown considerably, but not so
much as the intestines have decreased in size, for they are as completely metamorphosed in the
course of time as those of a Caterpillar when it takes on its transformations; whilst in the
Tadpole the coil is extremely long, there is only a single loop in an otherwise straight bowel by
the time the curtailment of the young Frog is complete. 1In this next stage (Rana B.) the tail
is scarcely more than half its former length, and the reduction of the contents of the chest and
growth of the cartilages have brought them not only together, but to overlap in the usual way.
Plate V, fig. 3 shows a small part of the overlapping coracoids at this stage, magnified seventy-
five diameters, and seen from within; and it is seen that their edges are flanked by a new growth
of soft and delicate cartilage, which is in émmediate contact with the serous membrane lining the
common thoracico-abdominal cavity : this is the first appreciable appearance of the moieties of
the true or costal Sternum, which is developed at a great distance from the arrested vertebral
ribs, but which crops out in the basal region in correlation to the Shoulder-girdle, for which it
seems to have a sort of organic affinity. It may help comparison to remark that this first tract
of cartilage, which lies directly behind, witkiz, and mesiad of the epicoracoid angles, corresponds
to the anterior half of the human * manubrium sterni,” which is, in reality, the keystone, in us, of
the seventh cervical vertebra. The side-walls of this seventh somatome, and also of the six
preceding somatomes, are deficient in cartilage ; the ribs, in the cartilaginous stage, never being
segmented off from their centrums, as they are in the thoracic region. And this is one reason
why the Shoulder-girdle has been confounded with the costal girdles; for, lying in front of these
latter hoops, and being the only cartilaginous bars interposed between the skin and the space
containing the cesophagus and trachea, they have been supposed to lie in the same plane as the
ribs.  Wherever the limb-plates are coincident, vertically, with the costal arches, they and their
muscles always overlap, or lie in an outer Zransverse plane. If the diagram (Plate V, fig. 2) be
looked at, it will be seen that, at least, the three anterior vertebree of the Tadpole are cervical ;
the same may be said of the ordinary Osseous Fish. I shall, throughout this paper, consider the
first perfect costal arch, as homologous with our first, and the last vertcbra that has ribs that are
imperfect—whether on one or on both sides—I shall put down as agreeing with the last cervical
in human anatomy.

Using as much as possible the old, somewhat arbitrary, but most convenient region-terms, I
shall nevertheless, stand reverently aside, whilst Nature makes more or fewer vertebra in any
particular region ; and, as her collocations are all so thoroughly comfortable as well as conformable,
I am not fain to suppose that she has been under the necessity of shifting, replacing, and misplacing
her bars, her rays, and her plates; as though a necessity had been laid upon her, and that she
must, perforce, make all things according to the pattern showed to her, at any cost.

! At present, the prae-eoracoid bar is larger than the coracoid, as in Systoma gibbosum, and in
the pelvis of the Turtle; and the “omosternum’ and true sternum have not yet made their appear-
ance ; and, moreover, this early Shoulder-plate is extremely unlike that of the Newt at a similar stage.
(See Plate I11, fig. 7.)
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Stage 3, Rana C. In a few days the young Frog’s tail becomes reduced to a stump two lines
in length, whilst the waist has become slender, the fore legs longer and free, and the hind legs,
which were the shortest, are now considerably longer than the others. In company with myriads
of equally or still more ripe Fish-quadrupeds, it now secks the dry land. At this time the
Sternum (which lies imbedded in connective tissue so crowded with black pigment-cells as to make
this particular demonstration the hardest in morphology) has grown into two notable lobes,
pointed at the fore end, rounded outside and behind, and straight at the mid-line (Plate V,
fig. 4, st., magnified seventy-five diameters). They nearly fill the angle between the epicoracoids,
and have grown very rapidly since the last stage, but the moieties are perfectly distinct.
In Plate V, fig. 5, the angle of the pre-coracoid (p. cr.) is shown, magnified seventy-five
diameters, and in front of the bony bar a small hillock of soft new cartilage is seen (o. st.); the
position of the same part on the opposite side is shown in outline; it is continuous with the
cartilage inside the lower end of the pree-coracoidal bony bar; this is the first rudiment of the

“ omosternum,” and answers morphologically to the persistent condition of Pipa and Pseudis
(Plate VI, figs. 1 and 7, o. st.).

Stage 4, Rana D. In Plate V, fig. 6, the next condition of the I'rog is shown (magnified
fifteen diameters); the figure represents the Shoulder-plates spread out, and seen from below.
The supra-scapula (s. sc.) is considerably broader above than in Rara 4; but the anterior bony
plate has not spread much. The scapula (sc.) has become twice as long, relatively, having crept
upwards towards the supra-scapular bony plate and downwards to the glenoid cavity (gl.). The
prae-coracoid sheath (p. cr.) is only a quarter the distance from the scapula, and has covered more
of the cartilage, whilst the coracoid (cr.), which in figure 1 had its upper end the largest, is now
almost equally enlarged at both ends; hereafter the lower end will be twice the size of the upper
(sce fig. 11, cr.). The epicoracoid flap (e. cr.) is much broader, and overlaps near the Sternum ;
its posterior angle is well developed ; and the sharp upper end of the fenestra (cr. f.) has become
rounded, as arrested clefts are wont to do. The glenoid cavity (gl.) is relatively less, and its notch
has changed position in relation to the scapula, which now touches it. Thesoft projecting angles
of the prae-coracoid have not only become segmented from their root, but these freed moieties
have coalesced ; thus the “omosternum ™ (o. st.) is formed (a more enlarged drawing of which is
seen in fig. 7, magnified seventy-five diameters). This unossified simple keystone piece answers
to the persistent condition of Megalophrys (see Plate VII, fig. 8, o. st.). ‘

The keystone of the hyoid arch is formed in exactly the same manner at a much earlier period
of the Frog’s life. The Sternum itself (fig. 6, st., and fig. 8, st., the latter magnified seventy-five
diameters) has also become one by the complete coalescence of its symmetrical halves ; only a small
shallow notch on its xiphoid margin remains of the primordial boundary-line. But for this notch,
which is persistent, this low-conditioned Sternum wonld answer exactly to that of Dactylethra
(Plate VI, fig. 11, st.): it also comes very close to that of Pipa (Plate VI, fig. 1, st.); but the
Sternum in that type suffers “ endostosis.”

Stage 5, Rana B. As life is a “ ceascless motion,” our perfected Batrachian is constantly
nndergoing mass-changes and molecular changes ; and if examined a few weeks after its trans-
formation, its skeletal structure will be found to have acquired several new characters.

Plate V, fig. 9, shows a first summer Frog’s Shoulder-plate, as seen from above, and mag-
11
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nified ten diameters, The supra-scapula (s. sc.), which was like a pointed knife in fig. 1, and
then had become obtusely angular by the retreating backwards of the apex, has now a much more
rounded upper surface; it will, however, have to undergo a great change of form before it has the
extended and arcuate upper margin of the adult (fig. 11). Besides the general extension of the
ectosteal sheath, there now crops out from beneath it the intercellular bone : this deposit may have
taken its cue from the applied bony layer; still it has great independence of it, as a rule, in the
Anonrans, and creeps to any distance beyond its boundary-line. A similar extension of both
outer and inner bone has taken place in the scapular region (sc.), and it is also seen that the
scapula is bifid below, although the chink (sc. f) is very small in this species. Now is fairly
seen the relative feebleness of the pra-coracoid bar (p. er.), and the increased energy in the life of
the coracoid: as for the ectosteal sheath of the former, this is its last appearance on the great
Vertebrate stage of life ; the pra-coracoid is dying out in the ascending scale of the Frog’s specific
and individual history, and, as far as my observation extends, no creature with an amnion and an
allantois in its embryonic condition has this particular ectosteal sheath; for when the cartila-
ginous bar itself is ossified from without, as in the Chelonians and Struthio camelus, it is by
a borrowed extension of the scapular sheath.

In Plate V, fig. 10, the relation of the supra-scapula to the scapula is seen in a figure
magnified twenty-five diamcters; there is no hinge, and the endosteal deposit is seen to be
creeping beyond the outer layer. The “omosternum ” (fig. 9, o. st.) is in a very instructive
condition, for its hinder end is very broad and crescentic, its tip is bifid—a primordial mark ;
and an ectosteal sheath nearly enrings it, the ring being imperfect above, for the lower or outer
surface of these Shoulder-bones is always the most ossificd, and the first to ossify. It is most
probable that in all perfect ectosteal sheaths there is a moment of time in which the bony matter
lies at some particular part of the circumference of a cartilaginous rod ; practically, many of these
rods may be said to be quite ensheathed from the first, because the growth of bony matter all
round is too rapid in many cases for the absolutely first stage to be seen. The Sternum (st.) has
progressed far towards its adult condition; therc is a soft pre-sternal bulb, a soft xiphisternal
symmetrical platc, and between them a short shaft-bone (meso-sternum and part of pree-sternum
in one): the xiphisternum, like the leaf of a Bawkinia, 1s one and yet double, as its bilobate
form shows.

Stage 6, Rana F.—1I have now to describe the Shoulder-plates of the adult Frog; and in
these structures we shall sec the culmination of this morphological type.

Plate V, fig. 11, shows thesc structures in an old male Frog (magnified four diameters), as
seen from above, and with the left supra-scapula removed. This region (s. sc.) is very large,
making some approach to its condition in Dactylethra (Plate VI, figs. 11, 12). Its general
form is obliquely fan-shaped; the narrowed lower part is concave at each side; and the broad
upper part, with its rounded angles, forms two thirds of a transverse ellipse. The outer plate is
trifoliate, and covers one third of each surface, whilst all but the margin is affected by
endostosis.  The whole region is convexo-concave, like a watch-glass, the outer side bulging
cousiderably. The scapula (sc.) has less of the foot-shape than is common in the Batrachia, the
pra-scapular (p. sc.) and scapular bars being nearly equal, and but little divided by the
“ fenestra.”

The pree-coracoid (p. cr.) is adze-shaped, for the proximal part is bent at less than a right
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angle on the descending narrow bar; this latter part does not cover all the cartilage behind, and
the former projects nearly as far forwards as the descending bar does downwards. The coracoid
(cr.) is now three times as large as the anterior bar, whereas it was once (fig. 1) only two thirds
the size ; it is much like that of certain Birds, having a thick swollen head, a roundish waist, and
a broad, expanded, pedate base. The pra-epicoracoid margi'n (e. cr.) is endosteally ossified,
and the submesial margins overlap in some degree. The coracoid fenestra (cr. f.) is of medium
size, is ovate, and its narrow end is now below instead of, as at first, above. The “omosternum”
(0. st.) has now a perfeet ectosteal sheath—a shaft-bone—with no epiphyses even in this fine
old male; but the posterior end is a narrow soft margin; and the anterior, surmounting the
attenuated end of the delicate shaft, is a circular disc of cartilage. The sternum (st.) has a little
cartilage on the pree-sternal cnd of the single, hourglass-shaped flattened shaft; and the xiphi-
sternal region (x. st.) is developed into a very elegant, symmetrical, transversely extended leaf,
which is notched at its retral angles, and at the mid-line behind ; its anterior part is ossified by
intercellular deposit, whilst a considerable margin is left in a soft state. When we come to the
Marsupials and to the Armadillo, we shall see very similar xiphisternal cartilages to this in the
Frog ; the “omosternal moicties” have their ** serial homologues™ in the ¢ Marsupial bones
of the Marsupials and the Monotremes, these parts being segmented off from the “ pubis,” which
is the counterpart of the * pree-coracoid” in the Shoulder-girdle.

Plate V, fig. 12, shows a section of the supra-scapula and scapula of the adult Frog
at their junction; and fig. 13, a section of the upper part of the supra-scapula: these
figures show the structure magnified twenty-five diameters. Tig. 13 shows the perichondrium
(pr.) passing over the hyaline cartilage (c.), with its clear intercellular substance, and its large
proliferating cells, full of young cells ; at the lower part the endosteal deposit (en. o.) is seen to
be an ossification of the intercellular substance, and not an endo-perichondrial layer of bone like
that shown in fig. 14 (ec.0.). This section is exactly like a similar slice of the skeleton of a
Shark or Skate, save that the little bony masses are not so perfectly diserete.

We see in fig. 12 that the cartilage-cells become very flat where the supra-scapula (s. sc.)
joins the scapula (sc.), and that the ectosteal and endosteal masses (ec. o., en. 0.) have
united in the scapula to form solid bone: in the centre, however, certain spheerical masses of
cartilage (c.) are seen unchanged; in a higher Vertebrate these masses would, by proliferation,
have changed into marrow-cells, then into fat-cells, and then perhaps would have been altogether
absorbed. The projection of the endosteal masses into the base of the supra-seapula (fig. 12,
en. o.) looks very much like crystallization: undoubtedly it is a crystalline deposit, rendered
imperfect by the glutinous nature of the dissolving medium.

I shall now refer to the views taken of these parts in the Batrachia by some of our great
anatomical pioneers: my friend Mr. Power has favoured me with the following translation ; I
shall insert my own nomenclature in brackets and in italics.

I may here remark that the Sharks and Skates (Plagiostomi) shed the sameaight on the
Amphibia that the latter throw on the higher Vertebrata (the Sauropsida and Mammalia), which
jpossess an amnion and an allantois in their embryonic condition, and which pass through their
metamorphic stages at a more and more rapid rate. 'The earliest metamorphic conditions of the
higher classes arc miniatures scen for a moment ; those of the Amphibia are half-sized pictures,
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which are held up to view for weeks and months; but in the low Cartilaginous Fishes we see
gigantesque figures which are never taken down. Hence the necessity for both “ gradational”
and “ developmental” morphology; and these two divisions of one science are nothing if not
mutual ; for neither is development to be studied without gradation, nor gradation without
development, but both must be worked out by the same observer, and the results of both must
intermarry in the same intellect before that birth of thought can take place which can be called
perfect scienee. I shall have to refer to the Amphibians again and again in describing the struc-
ture of the nobler antitypes which they in sundry ways foreshadow; but before leaving the
Amphibia I shall give the views of Duges on the homologies of the Shoulder-girdle and Sternumn
of the Frog.

Axrt, Duads, ¢ Recherches sur I’ Ostéologie et la Myologie des Batraciens.”  4to, Paris, 1834.

In his section on the Shoulder (p. 62), he remarks, ¢ We have here to examine six distinct pieces
(figs. 22—381),! of which one has often been attributed to the Sternum, and of which another has only
heen described by Mertens. We will indicate, first, the names we have thought proper to give to thesc
parts, and justify their application subsequently.

1. Ad-scapulum [supra-scapula], *‘ omolite” of Geoffray, fig. 22, No. 29%), the superior portion of
the omoplate [scapule], always less ossified and thinner than the next ; it is, nevertheless, never altogether
cartilaginous in the adult; yet it is perceptible that the ossification propagates itself from the anterior
and from the inferior border; it is then one single and individual piece, whether it is only in part
ossified, as in Toads, Sonneurs (Ringers, Bell-frogs), and Rainettes (Little Frogs), or is altogether ossified
(Frogs). It is this which refutes the argument by which Cuvier has opposed the opinion of M. Geoffroy,
who sces in this piece the representation of the superadded cartilage of the scapula of young Mam-
mifers. But this piece has also, as Cuvier truly says, its cartilage, but not distinct and separate—not
connected with the osseous part as a true epiphysis. .

2. Scapulum (scapula, No. 30%), always shorter and thicker than the preceding piece, and longer
than broad in the greater numher of the Anourous Batrachia; but broader than long, and consequently
very short, in the Bufo igneus and the two * obstetricans :” it is as though bifurcated at its, inferior
extremity or border, where it makes a part of the glenoid cavity. Of the two branches of this
bifurcation, the internal and posterior [post-scapula] is clearly the coracoid apophysis of the Mammifers
—of Man, for example [nof so; it forms the neck and most of the glenoid cavity] ;—the external and
anterior (pre-scapula) is clearly the acromion or its commencement, the spine of the scapula.

3. The groove which separates these two eminences [scapular femestra] is converted into a hole
by a piece which long remains cartilaginous, but which finally ossifies separately, and appears as if
intercalated betwecn the scapula and the other picces forming the shoulder (31%). This piece, which I
call the paraglenal [endosteal bone in cartilaginous symphysis], and which was recognised by Mertens,
rcprescnts the coraco-acromial ligament of Man, and, like it, serves to complete the articular cavity
which receives the head of the humerus. It is of large size in the common Toad and in the Green
Frog, but I have not been able to distinguish it in the dry skeleton of the Bufo fuscus.

! T shall not reproduce the figures from Duges’ work, but refer the reader to my own plates.

Sce Plate V, fig. 11, s. sc.
8 See Plate V, fig. 11, sc., p. sc.
This bony patch is shown in Plate V, figs. 9 and 15, gl.
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4. Abone (32") has been universally recognised as analogous to the coracoidian clavicle [coracoid]
of Birds, which, enlarged at its extremities, articulates by the intermediation of the preceding with the
coracoid apophysis of the scapula [post-scapula], approximates within to its congener, and appears to
sustain the posterior part of the Sternum [#rue sternum]. The first of these connections wounld be
sufficient, were fresh proofs required, to justify the name of coracoid bone given to this bone by Cuvier,
Geoffroy, &c. 7

5. Running parallel to the preceding bone we see, in front of the Shoulder, another bone
[pre-coracoid], (No. 32°), which articulated with the acromion apophysis of the scapula [pre-scapula]
approximates by the other extremity to the anterior part of the Sternum, without, however, as has been
supposed, articulating with it. This bone, straight in the Frogs and Toads, very arched in the
Rainette, the Sonneurs, and the Accoucheurs, is designated by every one the furcular clavicle (fourchette),
and is compared to the furculum of Birds. It is even indicated as such in the figures of M. Geoffroy
(“ Phil. Anat.,” pl. ij, fig. 22), although in other Reptiles this learned zoologist had exactly determined
and designated, under another name, it true analogue. We believe it to be the “acromial”’ [it is the
pre-coracoid] ; it is the acromial [clavicle] of Lizards (l. c., fig. 23) and of the Ornithorhynchus
(ib., fig. 19), a bone which in certain Mammals has already attained a great size, although still confused
with the acromion (Sloths).

6. The true furculum [pre-epicoracoids] or furcular clavicle (No. 34%) is the piece regarded as
sternal by some, and as belonging to the Shoulder, but without precise - determination by others
(Cuvier, Meckel). That which has caused it to be regarded as a dependency of the Sternum is that it
has not been known in its whole length, because it long remains cartilaginous, and is even always of
soft consistence, so that it hecomes deformed by desiccation ; moreover, its horizontal branch is masked
by the preceding piece. An exact idea of this right-angled clavicle will easily be obtained from our
figures (they fail to show the mesial divisional line), of which the transverse branch extends as far as'
the paraglenal bone [semi-osscous synchondrosis], and is even extended to it whilst the cartilaginous
condition is still complete, whilst the antero-posterior serves as an intermediary piece between the
acromial [pre-scapula] and the coracoidian [coracoid], often very elongated (Toad, fig. 26), and even
prevents the bones of this name from touching one another in the middle line. It is not less remark-
able that to it alone belongs the connections of the Shoulder with the Sternum, as may be seen in
figs. 22, 23,25. The furculum [pre-epicoracoids] remains cartilaginous amongst the Rainettes and the
Sonneurs ; it only ossifies very late and imperfectly in the Toads; but in all these specics, and especially
in the Bombinator (fig. 15) its antero-posterior branch is much enlarged : moreover, that of one side
constantly crosses that of the other, the right being generally the more superficially sitnated. In
the Frogs (figs. 22, 23, 31) the furculum [pre-epicoracoids], more osseous, and having at least the same
consistence as pasteboard, or as the white part of a feather of a Bird, does not offer this enlargement
of the antero-posterior branch, nor the above-mentioned crossing. These two cartilages, even at an
early period, unite on the median line; there results, consequently, an azygous bone [symmetrical
bars, partly confluent in the young of Bufo vulgaris; see my figs. 15 and 16 in Plate V] in the
form of a T, of which only the longitudinal part has been known (Cuvier, ¢Oss. Foss.,’ t. v, p. ii,
pl. xxiv, fig. 81, ), and that has been supposed to be wanting in Toads. It has thus happened that
M. Geoffroy has called it an entosternal (‘ Phil. Anat.,’ pl. ii, fig. 22, ?), whilst others have thought
that the Frogs were deficient in the cartilages recognised in the Toads by reason of their great develop-
ment (Meckel). Let us anticipate the objections that may be adduced against my determinations of

! See Plate V, fig. 11, cr. * See Plate V, fig. 11, p.cr.
% See Plate V, figs. 6, 9, 11, 15, 16, p. cr., e. cr.
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the parts forming the Shoulder in many Reptiles and in the Monotremes. Amongst these, as
amongst the Saurians, there exist two pieces, obviously comparable with our furcular clavicles [pre-
epicoracoids], and which are designated as a double episternal by M. Geoffroy (1. c., pl. ii, figs. 19,
20, 23, 1. 1.), as pieces of the Shoulder not yet determined by Cuvier (‘ Oss. Foss.,,” t. v, 1, p. xiii and
xiv, m. m., and pt. ii, pl. xvii d. d.). If the relations of these pieces with the other bones of the
Shoulder and of the Sternum do not suffice to enable us to recognise them as furcular clavicles [pre-
epicoracoids], the way of exclusion conducts us to it necessarily. In effcct—I1. In the ideas of
M. Geoffroy the true furculum would be this bone (in the form of a T, or of a cross) that Cuvier has
marked =, f, f, for the Ornithorhynchus, a for the Saurians (figs. mentioned). But, according to
Cuvier, a part only of the Sternum was recognisable in this bonc amongst the Monotremes ;
he compares it to the first piece of the Sternum in the Kabasson, to which we may add many
other Mammals [in these there is no inler-clavicle, but a produced manubrium], which have their
first piece [manubrium] very much enlarged. Amongst the Saurians it is related quite naturally to
the episternum of the Crocodiles [infer-clavicle], (plate v, fig. 5), a piece rccognised as episternal,
even by M. Geoffroy (“Phil. Anat.,’ t. i, p. 213), and which represents perfectly the T [inier-clavicle]
of the Tupinambis (Monitors), the cross [infer-clavicle] of the Lizards, and the anterior part of the
Sternum (omosternum) of the Anourous Batrachians. In fact, under this last relation, the analogy is
supported by the advanced position and flat form of the Crocodilian piece [inter-clavicle] of which we
are now speaking; only it is in relation with the other parts of the Sternum [frue Sternum], which
does not take place amongst the Batrachians. Supposing that in the Ornithorhynchus [the epicoracoids]
and the Lizards the furcular pieces [pre-epicoracoids] approximated to one another asin the Frogs, and
the episternal [infer-clavicle] pushed forward, and thus separated from the rest of the Sternum [true
Sternum], and we should have an evidently complete analogy; we should even be able to find in the
handle of the posterior Sternum of the Toad (Crapaud calamite) the representative of the two picces
of the entosternal () of M. Geoffroy; and as to the remainder of the Shoulder, the comparison will
be still more easy in holding to the determination of the latter author, excepting only his supposed
furcular [infer-clavicle] and his episternal [pre-epicoracoids] bones, which, according to our views,
ought to undergo a material exchange of name. ‘

2. According to Cuvier, it is our acromial [pre-coraceid bar] amongst the Anourous Batrachia, that
of M. Geoffroy amongst the Monotremes [clavicle], and the Saurians [clavicle], which is the true furculum
[the true furculum, i.e. of the Bird, is highly complex] ; but then we do not know to what to refer our
furculars [pre-coracoids], we must leave them without determination. Let us observe also that the
acromial [kere he means the clavicie] is often attached to the-ad-scapulum [supra-scapula], as in the
Lizards, the Iguanas, the Scincide, and the Orvet (dnguis fragilis), a circumstance which well accords
with the acromion, of which the base in Mammals reaches along the whole external surface of the
scapula, and not to the clavicle always attached by its free extremity. T place here, in reference
to the shoulder of the Anourous Batrachians, that of the  Orvet” (dnguis fragilis, fig. 27'), where
we find the episternal [omosternum] absent, as in Toads, an osseous acromial [clavicle] attached to
the ad-scapulum [supra-scapula], a cartilaginous clavicle [ pre-coracoid], enlarged as in the bombinator,
obstetricans, and springing very evidently from the scapula. This last is osseous, as well as a coracoid
of which the form exactly resembles that of the Anourous Reptiles; and lastly, a large xiphoid
[pre-sternum], as in the Pipas. This shoulder is evidently as similar to that of the Batrachians as to
that of the Saurians,

We also establish a parallel here between this portion of the skeleton of the Batrachian and the

! See Plate VIII, figs. 2, 4, 5, 6, s, sc., sc., p.cr., €. Cr.
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pelvis of some other animals. No other vertebrate animals in fact, seems to us better fitted to esta-
blish the resemblance of the Shoulder and the Hip already pointed out by many physiologists.

* * * * *

The resemblance is striking to the pelvis of the Chameleon, of which the ilium is composed of
two pieces, like the scapula of Batrachians, suspended from, not articulated to, the vertebral column.
The analogy is also sustained between the shoulder of these Reptiles and the os coxe of a young
Mammal (figs. 29, 29 bis), where we sce that the iliac crest represents the ad-scapulum [supra-scapula].
A small ossclet, that I may call the “paracotyleal” (No. 51), answers to the paraglenal [coraco-
scapular synchondrosis]. The pubis takes the place of the furcular clavicle [pre-epicoracoids],
the ischium of the coracoid, and the sub-pubic foramen recalls the subclavicnlar hole of the Frog,
or rather of the Toad. As to the acromial, it has no equivalent here. It has only a rudimentary repre-
sentation in the Chameleon, which is the little cartilaginous marsupial that the pubis supports
[answering to the omosternum of the Frog] ; but amongst the Monotremes the analogy becomes more
striking, when we see their marsupial bone occupy by its base all the superior border of the pubic
bone, in the same way that the acromial [pre-coracoid bar] of the Anourous Batrachia covers almost
all the anterior border of their clavicle [pre-epicoracoid]. These reflexions could be applied to the
Shoulderof the Lizards, if their clavicles [pre-epicoracoids] were not separated by the Sternum. Our
Batrachians, on the coutrary, have them united [sometimes partially], like the pubis of Mammals, and
we may still add to these analogies the depth of the glenoid cavity, the form of the humerus closely
resembling the femur, and its union to the shoulder by means of a round ligament.

This lengthy but most important quotation serves to show the absolute necessity for a most
severe histological study of the morphological changes that take place during the development of
the skeleton of any and every ereature coming under the notice of the anatomist. We have just
seen Cuvier disagreeing with Geoffroy, and Duges differing from both. Nearer home things have
fared still worse, and the Shoulder-girdle not only keeps its confused nomenclature here, but it is
made the subject of a supposed peripatetic morphology, now clinging to the occiput, and anon
crawling backwards towards the sacrum.

If we bear in mind that the Anoura have not the three Shoulder-splints which are so
constant in most Lizards and in the Monotremes (namelir, the clavicles and interelavicle),—that the
so-called “anterior sternum” is no part of the Sternum at all, but part of ‘the Shoulder-girdle
(““ omosternum™’),—and that the endosteal bone is very independent of the often imperfect bony
sheath, we shall be ableé to sce through this clond of conflicting opinions. Also it may be
remarked that the term ‘furculum” should not be applied to any structure found in the Cold-
blooded Classes, for it is an ornithic structure entirely, and is highly complex and meta-
morphic. Even the term * clavicle” needs to be used with caution: I mean by it only the main
part, such as is seen in the young Mammal before it has united with the terminal cartilages ;
in other words, the pwre clavicle is a parosteal bar, a subcutaneous bone, quite independent of
the endo-skeleton.

And then as to the ““coracoid,” it should be held in mind that it is a mere rudiment in
most Mammals, the exception being the Monotremes ; and this rudiment answers to part of the
““head” of the typically developed bone. Another aphoristic remark may be made; and
that is, that one morphological region may be made up of three histological regions—namely,
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outer bone, iuner bone, and soft cartilage. Duges tripped over this stumbling-stone, and to
him a mere ectosteal sheath, the partial investment of a cartilage, stood for a true skeletal
element. ‘

Now, to begin with Duges’ description, it will be seen that he is quite right in making the
highly developed ad-scapulum (supra-scapula) to be the true representative of the less-developed,
epiphyseal supra-scapula of the Mammal; for ecfostosis is never seen in it again, even in the
supra-scapnla of the Lizards, where it is, relatively, as large as in the Frogs. The scapula and
supra-scapula in the Frog are, indeed, two broad “rays,” one superimposed upon, and not
quite segmented from, the other ; whilst the lower (scapula) has really begun to undergo cleavage
in the opposite (vertical) direction; this partial division into two is borrowed from the Skates.
Duges curiously misunderstands the two forks; for the posterior is not the homologue of the
coracoid rudiment of the Mammifera, but the “neck” and glenoid region of the scapula itself.
Also the anterior fork is more than the “acromion;” it contains it, but is properly the pree-
scapula; it might be called the pree-meso-scapula: we shall see this bar differentiated into its
proper elements when we come to the Lizards. '

Thirdly, the *paraglenal” of Duges is nothing but the extension of endosteal bone into
the synchondrosis which unites and yet separates the three bones that surround the glenoid
cavity.

Then comes the true coracoid, the upper part of which answers to the rudiment seen in
most Mammals. The term “coracoidian clavicle” is vicious enough as applied to the coracoid of
the Bird and the Frog, but we shall find that it is a most perfect term for the supposed clavicle
of the Mole. 'The fifth piece is excellently distinguished from the true clavicle by Duges, but his
name for it is an unsafe one, and his conception of it was confused, for the bony piece is merely
the dark of the shaft, the osseo-cartilaginous pith of which he distinguishes, most improperly, as
part of another morphological region. My name for the whole band is “pree-coracoid,” a name
which merely expresses its relation to the better understood posterior bar. Duges is quite right
in asserting that these bars do not represent the “ furcula” of Birds; and yet, as I shall hereafter
show, that compound bone contains rudiments of these bars. He is quite wrong in comparing
this bar with what he calls the “acromial ” in the Lizards and the Oraithorhynchus ; that bone
is the pure clavicle. Sixthly, his “ true furculum or furcular clavicle,” is made up by putting
together the essential part of the right and left pree-coracoids (their osseo-cartilaginous pith)
and their continuation delow—the * epicoracoids,” which latter have no ectosteal plate. These
two L.shaped bars he supposes to have coalesced to form the clavicular furculum;” they
seldom unite at the mid-line (see my figures of them in the young Toad, Plate V, figs. 15—17,
p- cr., e. cr.); generally overlap more or less; have no splint-bone attached to them, such as
forms the “furcula” in most Birds; and yet there is a grain of truth in the matter, inasmuch
as the “furcula” of the Bird does contain rudiments of the * pree-coracoid” cartilages.

With regard to what Duggs says of the pra:-epicoracoids of the Lizards and Monotremes, we
there come across this picce of bibliography, namely, that Geoffroy called them * episternals,”
the sizth skeletal element which has received that name; whilst Cuvier’s sounder judgment refer-
red these tracts to the Shoulder-girdle.

Whilst discussing this part of the Shoulder, Duges, like many other anatomists, confounds
together very distinet parts, namely, the “omosternum” of the I'rog, the “inter-clavicle” of
the Lizard, Crocodile, Monitor, and Ornithorhynchus, and the manubrium of the Mammal.
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The first of these, the ‘ omosternum,” is the key-stone of the Shoulder-girdle; the second, the
“mter-clavicle,” is an azygous Shoulder-splint—a dermal bone ; whilst the last is the key-stone
of the first pair of thoraeic ribs, and often of the last eervieal as well (where, however, the piers of the
areh are aborted). Following our author, we find him speaking of the true Sternum of the Frog
as a part, whilst the remainder, or manubrial portion, is snpposed by him to be formed by what
I have called the ¢ omosternum™ in that animal: in the Reptile and Monotreme Dugts makes
up the Sternum by adding the ¢ inferclavicle :” we shall see that Rathke makes up the Reptilian
Sternum in a similar way. At page 67 the Blind-worm (4nguis fragilis) is introdueed; and
as I shall come to that very soon, I may remark upon his views at once. Iis figure (plate iii,
fig. 27) may be eompared with mine (Plate-VIII, figs. 2—7). Small as is his figure, it can be
easily understood by reference to the large ones which I have given.

Duges truly says that the episternal (omosternum) is absent, as in Toads, and that his
“acromial” (clavicle) is attached to the supra-seapula, whilst the huge epi-pree-eoracoids are
" deseribed as “elavicles.” The  praesternum,” or manubrium, the only part of the Sternum
present in Anguis, is ealled, as is also the Sternum of Pipa, “ xiphoid.” In the latter the pree-
meso-, and xiphisternum are all econtained virtually in one generalised piece, but in Anguis the
Sternum is only correlated to the Shoulder-girdle, and scareely answers to the whole of the
Mammalian manubrium. His little figure gives the shape exaectly, but the three apparent bony
centres are the “inter-claviele” and the two endosteal pateches which in reality belong to the
Sternum. The remainder of his remarks, which relate to the serial homologies of the Shoulder-
girdle and Pelvis, are excellent. '

12
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REPTILIA.

In describing the structure of the Sternum and Shoulder-girdle of the true Saurians, I shall
enrich my paper by inserting a translation (by Mr. Power) of the late Dr. Heinrich Rathke’s
small but most invaluable work upon the Sternum in this Class.!

RarukE, ¢ Ueber den Bau und die Entwickeluny des Brustbeins der Saurier,” pp. 1-—7. 4to,
Konigsberg, 1853.

§ 1. A Shoulder-girdle and a Sternum have hitlierto been unacknowledged by anatomists and
physiologists in several of those species of Saurians whose form resembles that of Snakes, and which
were formerly on this account actually enumerated amongst the Snakes; but from my investigations
it may reasonably be concluded that the bony girdle of the Shoulder is present in all the Snake-like
Saurians, and that the Sternum only fails entirely in the footless Saurii Annulati.

§ 2. In three species of the small group of Saurii Annulati, namely, in Amphisbena fuliginosa,
Amphisbena alba, and Lepidosternon microcephalum, 1 found between the lingual bone and the most ante-
rior ribs, but much nearer to the latter than to the former, a pair of small bones, which may be con-
sidered as the rndiments of a Shoulder-girdle [coraco-scapula®]. In Amphisbena fuliginosa, where its
dark brown colour, which is common to it and to the other bones of the skeleton, first led me to
remark them, they form cylinders, the length of which was only one line (one twelfth of an inch),
and the thickness only one eighth of a line, even in the largest of four specimens, the length of which
was thirteen and a half inches. Their direction, when the animal was placed on its.belly, was some-
what oblique from above downwards and inwards.

In a specimen of Amphisbena alba, whose length was one foot six inches six lines, they were also
only one line long, but proportionately somewhat thicker than in the former species. They also did
not possess a regular cylindrical form, but were somewhat thinner in the middle than at their rounded
ends, the transverse diameter of which amounted to one sixth of a line. Their colour, like that of
the remainder of the skeleton, was white, and their direction, like that of the preceding species, nearly
perpendicular.  In a Lepidosternon microcephalum having a length of one foot nine inches six lines
the rudiments of the Shoulder-girdle [ coraco-scapul®] had the form of beans,’though somewhat more flat-
tened on their surfaces. Their size in relation to the whole body was still smaller than in the dmphis-
bene that were dissected, for they were scarcely a line in length, and their greatest breadth was only a
little more than one third of a line. They were white in colour, and the direction of their greatest
diameter was perpendicular. In all three species the bones in question lay at a considerable distance from
the vertebral column and from one another. Moreover, they were not connected by means of ligaments,
either with the vertebral column, with the ribs, or with each other, but were retained in position by

! Whilst these sheets were passing through the press Professor Huxley put into my hands Dr. Carl
Gegenbaur’s most important memoir, ¢ Untersuchungen zur vergleichungen Anatomie der Wirbelthiere,’
Zweite Heft, August, 1865.. I must refer the reader to the work itself, as my acquaintance with it
was made too late for me to analyze its contents.

? The terms in brackets and italics are added to make Rathke’s description harmonise with my

own—W. K. P.
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muscles, some of which were attached to them, whilst others only covered their outer surface. Of the
muscles that were attached to them there were four pairs. The first pair originated from the two ends
of a strong occipital ridge, passing from thence obliquely downwards and backwards, presented
a moderate thickness, expanded considerably in a fan-like form, and corresponded in their origin
and direction to the sterno-cleido-mastoids of other Saurians. Still, only a few of their fibres
were attached to the bony pieces in question, the greater part being inserted into the cutaneous
investment. The second. pair of muscles were rather long, thin, and moderately broad. They
extended from the lingual bone divergingly and obliquely backwards and upwards to the bony pieces,
and clearly represented the mm. omohyoidei, which are also thin in other Saurians, but in relation
to their length are of moderate or even of considerable breadth., The muscles of the third pair pass
from the two bony pieces backwards and downwards to some of the anterior ribs. They expand
fan-like, and may be regarded as the representatives of mm. serrati antici majores of other Saurians.
The two remaining pairs lic external to the third pair, but extend further back, and run more
obliquely downwards, forming two thin, and anteriorly only small, but posteriorly broader, muscular
layers, and were with their broad ends attached to the skin.

The connection in which the two bony pieces stand with the muscles which correspond to the
mm. omohyoidei and to the serrati antici majores of other Vertebrata sufficiently proves that they
are to be regarded as scapulee. But their further relations with those muscles which correspond to the
sterno-mastoids in their attachments render it probable that they also, in part at least, represent the
clavicles [coracoids].

I was unable to find any rudiment of a Sternum either in Lepidosternon microcephalum or in
the Amphisbena.

In Trogonophis Weigmannii, another footless Annulate Saurian, there are two bony pieces
similar to those above described.

According to Rudolph Wagner’s drawings,! they have a similar form as in Amphisbena fuliginosa,
but are proportionally larger, and come into contact below.

Chirotes canaliculatus (see Plate VIII, figs. 8—10),® the only Annulate Saurian with anterior
limbs, not only possesses a Shoulder-girdle, but also a Sternum. According to J. Miiller, who examined
aud sketched a skeleton of this animal contained in the Paris Museum, the Shoulder-girdle of this
animal consists of two bony pieces, which represent the scapula and clavicles [coracoids]. The illus-
tration he gives shows that it has a similar form to those of Amphisbena and Trogonophis, though
they are broader at their lower ends, where they are connected with the Sternum. The Sternum [pre-
sternum) has the form of a shield, and possesses at its posterior end a much smaller elongated piece
of triangular form [meso-ziphisternum], and with its base turned backwards, as an appendage. The
ribs do not appear to be connected with this relatively extremely small sternal bone.?

§ 3. Amongst the Snake-like or Atypic Saurii Squamati the Shoulder-girdle and the Sternum are
least developed in Acontias meleagris, as far as is at present known. The Shoulder-girdle consists in it,
as in the Annulate Saurians, of two simple bones [coraco-scapule] lying on opposite sides of the body and
between the lingual hones and the anterior ribs. Their size is, however, proportionately larger than even
in the Amphisbena. In one example, which was nine inches six lines long, thc length of each
amounted to oue line and two thirds, and the greatest breadth to about half a line, They appear as
thin plates, moderately broad in proportion to their length, terminating in blunt points and slightly

! ¢Tcones Zootom.,” Leipsic, 1841, pl. xiii, figs. 20 and 22.

* The references are made to illustrations in the present work ; there are no figures in Rathke’s
Memoir.

$ ¢Zeits, f. Physiol. v. Tiedemann und Treviranus,” vol. iv, p. 259, pl. xxi, fig. 12 5.
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arched on their flat surfaces.  They have an oblique direction from above downwards, backwards, and
inwards. They e on the two sides of the cesophagus and trachea, and approximate so closely to
one another under the latter that the breadth of the space intervening between them is less than the
diameter of the trachea. At their lower ends they arc connected with one another by a very thin but
strong strip of fibrous tissne, which attaches them together beneath the trachea. Three pairs of
muscles are connected to them, two are comparable to tlie omohyoids, and are of modcrate length and
breadth, but very thin. These muscles ahont the middle of their extent have, like the mnscles bearing
this name in many other Scaly Reptiles, a transverse small tendinous intersection (inscriptio tendinea).
They proceed from the horns of the ].ingual bone straight back to the bones in question, attach them-
selves to nearly the whole length of those horns, and lie, as is frequently the case in the Scaly Reptiles,
so close to one another that the trachea can:only just be seen between them.! Two shorter and
much smaller but thicker muscles than the former extend from the lateral parts of the cervical
vertebre obliquely backwards and somewhat downwards to the upper ends of the two bones, and
correspond to the levatores scapularum of other Scaly Reptiles. The muscles of the third pair pass
from the five anterior pairs of ribs forwards to the bones, and consist of two bundles of moderate
breadth and thickness, and are the serrati antici majores of other Reptiles. But there are yet
other muscles which are nof attached to ‘the two bony pieces, because the three pairs already
mentioned correspond only to those muscles of other Vertebrata which are adherent to the
scapula. These bones are also to be regarded as simply scapule. Close behind the posterior
extremities of the small scapule, imbedded in a thin layer of fibrous tissue, and situated also behind
the approximated anterior extremities of the muscles corresponding to the serrat. ant. maj., which are
attached to the most anterior pair of ribs, there may be found in Aconfias meleagris two bony plates [pre-
sternum)] of elliptical form lying in close proximity to one another, the length of which did not amount
to quite a quarter of a line even in the largest of two specimens that I dissected, which measured nine
inches six lines, TFrom their position they might be regarded as rmdiments of a Sternum. As the
earthy salts had been withdrawn from them as a consequence of maceration in hydrochloric acid, small
groups of two to four cartilage-cells could be discovered in the remaining cartilage.

§ 4. In the remaining atypical Scaly Reptiles examined, viz. Ophisaurus ventralis, Anguis fragilis,
and Pseudopus Pallasii; both the Shoulder-girdle and the Sternum are devcloped to a considerably
greater extent than in Acontias meleagris. According to the statements of Heusinger,® J. Miiller,$ and
Stannius, the Sternum is wanting in Anguis and Ophisaurus, but these statemcnts have been cor-
rected by G. Cuvier in the second edition of his  Lecons d’Anat. Comparée,’ vol. i, p. 253.

In all three species of the above-mentioned Scaly Reptiles the Sternum is composed of two
azygous (unsymmetrical) picces very different in form and size, the smaller one [inter-clavicle] lying
under the larger, and firmly connected with it by fibrous tissue.  The larger one [pre-sternum] is a
tolerably long but thin plate, whose transverse diameter is the longest, and is on its upper surface
slightly concave from right to left, and on its lower surface slightly convex. In Ophiseurus the form
of this plate is oblong, but it is slightly excavated at its extremities as well as at its posterior border.
In Anguis (see Plate VIII, figs. 6 and 7, st.), the ends are bluntly pointed, and it is excavated to a
tolerably broad and deep extent both at its anterior and posterior borders. In Pseudopus it was nearly
in the form of the longitudinal section of an olive, ¢. . it is slightly convex at its anterior and posterior

.

1 The sternohyoids are wanting.

? ¢ Zeitschrift f. Organische Physik,” B. iii, p. 496.

8 ¢ Zeits. f. Physiol. v. Tiedem. and Treviran.,” B. iv, p. 227, 1831.

¢ ¢ Lehrbuch du vergleich. Anat. v.v. Siébold und Stannius,” B. ii, p. 139. Berlin, 1846.
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borders, and rounded at the smaller ends.! According to my measurements, the proportion of its
length to its breadth = 1 to 4 in Angius frogilis, in Ophisaurus ventralis = 1 to 3'2, in Pseudopus
Pallasii = 1 to 2°5. Its proportion to that of the whole body is only very small ; for even in Pseudopus
Pallasii, in which I found it to be greatest, its length is ‘to that of the whole body only as 0:02 to 1.
The structure is eartilaginous, of which the greater part, though not all, is ossified. In Ophisaurus the
plate is cartilaginous, at all its edges especially, and for a considerable depth at its posterior sharp edge ;
in Anguis at its anterior and posterior edges, though to a less -extent; in Pseudopus only at its poste-
rior edge, and to a slight extent. The ossified part exhibits a cartilaginous basis with low powers, and
appears at its surface, on account of little knobs, somewhat uneven when the bone has beeu dried.
These granules have roundish, or oval, or frequently irregular, forms, lie moderately close together in
Pseudopus, but less close in Anguis and Ophisaurus, and measure 00030 of an inch. If the thin
sternal plate of Anguis fragilis be examined under the microscope, it will be found that at the outer
surface of its anterior and posterior cartilaginous borders ouly very small and simple cartilaginous
cells are present, but nearer the deep or attached border of the cartilage the cells attain a larger size,
and contain two or four or, though rarely, six daughter-cells in their interior; and further, each of the
granules above mentioned as existing on the surface of the hony plate consists of a group of such
enlarged cartilage-cells, filled with a brood of others, the walls of which are penetrated with lime salts.
The walls of these ossified mother-cells of the cartilage have sharp outlines, a smooth surface, and are
so thin and transparent that the contents of the contained daughter-cells (\vhiclx is a soft, slightly
granular substance), besides the remains of the nuclei, can be distinctly perceived.® If the sternal
plate be divided, there may be seen on the cut surfaces, in each of the ossified mother-cells that have
coalesced with one another and with the ossified walls of the daughter-cells, one, two, or three very
thin and perfcetly smooth septa traversing it, so that the space included hy each mother-cell appears to
be ‘divided into two or more chambers. I have not observed either indentations or outrunners (cana-
liculi) on the walls of these chambers, which might have extended from the surface of the ossified
mother-cells into the intervening matrix, The above-described eompound hony cells are arranged at
distances of about 0'0025 of an inch, and even in the thickest part of the sternal plate are only in
rows of three or four deep.

The material which occupies the intervening spaces is of about the same consistence as the matrix
of cartilage, and when fresh and moist appears semi-transparent and homogeneous. When dry, however,
numerous fine calcareons granules are seen, making it appear as though it werc permeated by fine fibres in
various directions. Upon the whole, it is only very incompletely ossified, and from this.circumstance,
as well as from its thinness, still remains pliable. A structure essentially similar to that seen in Anguis
Jragilis is possessed by the plate or larger piece of the Sternum in Pseudopus Pallasii. The compound
bone-cells, however, which constitute the greater part of the mass, have a diameter of 0-0040 inch, and
also have somewhat thicker walls than in the Blind-worm.

The other or smaller piece of the Sternum [infer-clavicle] is so placed beneath the larger that
it extends, though to an insignificant amount, forwards beyond the border of the latter. In Anguis

! J. Miiller found in Pseudopus Pallasii the posterior border of the Sternal plate convex (see
above reference, pl. xix, fig. 2); ou the other hand, R. Wagner depicts it slightly concave (* Icones
Zootom.,” p. xiii, ig. 26). The form of the plate, therefore, appears to vary in Pseudopus to some
extent.

* These compound ossified cells have an appearance generally similar to those represented by
Kolliker in the second volume of his ¢ Microscopic Anatomy,” 1850, at fig. 95, as taken from the
os pubis (Schambeinfiige) of Man, but lie somewhat closer.



94 SHOULDER-GIRDLE AND BREAST-BONE.

Jragilis (see Plate VIII, fig. 6, 1. ::1.) it resembles a heart on playing-cards, but is much broader in
proportion to its length, and lies so that its smaller end is turned backwards. In Ophisaurus veniralis
it is a longer and smaller fragment which attaches itself to the anterior edge of the other piece, and has
in front a long but only very shallow excavation, and on the opposite side is provided with a broad,
short, and rounded flat plate, which is directed backwards. In Pseudopus Pallasii it consists of a
slight, arched strip, moderately broad in the middle, but pointed at the ends, with its convex border
directed forwards, while a moderately long, small, and pointed prolongation projects from the middle
of its concave border.! In proportion to the other piece of the Sternum, the piece in question is
smallest in Anguis and largest in Pseudopus. Its texture is also a strong and hard bony substance,
in which no compound bone-cells but only quite simple hone-cavities (the so-called bone-corpuscles) are
present from which many branched processes or canaliculi proceed, and some of which are rounded,
but the greater part spindle-shaped. The Sternum is not connected closely and firmly with several
ribs in any of the already mentioned Saurians. Nevertheless, the larger piece of the same [pre-
sternum] and the first pair of ribs approximate closely, and are brought into connection by connective

tissue,

I shall follow Rathke’s division of the Reptiles (excluding the Ophidia proper, which have
no Limb-girdles), into—

—

“ Sauria Annulata,” or the dmphisbene.

“ Sauria Squamata Atypica,” or Anguians.
. ““Sauria Squamata Typica,” or Lizards.

« Sauria Loricata,” or Crocodiles.
“Testudinata,” or Tortoises.

o oo 0

Of the first group I am able to give one instance, and that the highest, viz. Chxrotes——thls is
from Professor Hyrtl’s preparation.

The second group will be illustrated by four stages of Anguis fragilis, from my own
dissections, and a reference to these figures will help the reader to understand Rathke’s description.

My own account of Chirofes and Anguis will now follow Rathke’s description; and this will
give me an opportunity of commenting upon this part of his work.

I shall afterwards give his account of these parts in the third, fourth, and fifth groups.

1 A very accurate representation of this piece of the Sternum has been given by Miiller, loc. cit.,
p. xix, fig. 2.
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THE TRUE REPTILES.

1. “Savria axNvnATA”  The Amphisiene.
A. With a rudimentary Shoulder-girdle, but no Sternum.

Ezample 1.—Amphishena fuliginosa, Linn.

Each moiety of the Shoulder-girdle is a small cylindrical bone of a dark brown colour, and
one line long by one eighth of a line thick in the adult; direction almost vertical, but turned
obliquely downwards and inwards ; this is evidently a “ coraco-scapula,” not cleft either vertically
or transversely (see transl. of Rathke, p. 90).

Erample 2.—Amplisbena alba, Linn,

Each moiety of the Shoulder-girdle is like a small phalangeal bone, the ends being clubbed,
and the middle rather pinched; length in the adult as in the last, but one fourth thicker ; colour
white ; morphological nature, a “ coraco-scapula” (see transl. of Rathke, p. 90).

Lzample 3.— Lepidosternon microcephalum, Spix.

_The length of each moiety in the adult is the same as in Amphisbena alba, butsthe breadth
is twice as much, namely, one third of a line. The piece is bean-shaped, and placed with the
long diameter vertical to the axis of the body; white in colour; nature, *coraco-scapula” (see
transl. of Rathke, p. 90).

Ezample 4.—Trogonophis Weigmannii, Kaup.

The moietics of the Shoulder-girdle are similar to those of Amplisbena fuliginosa, but
larger, and meet each other below (see Rudolph Wagner’s ‘Icones Zool.,” Leipsic, 1841,
pl. xiii, figs. 20 and 22 (and transl. of Rathke, p. 91). ~

B. Possessing both Shoulder-girdle and Sternum.

Lizample— Chirotes canaliculatus, Cuv.

Rathke (see p. 91) had not seen a skeleton of this Amphisbeenian, which has small fore feet and
a highly developed Sternum ; but I am happy in having access to the skeleton of an adult male
from Mexico, in the Hyrilean collection now enriching the Hunterian Museum.

My figures are given in Plate VIII, figs. 8—10. They are magnified nine diameters ;
fig. 8 shows the Shoulder-girdle and Sternum iz siti; fig. 9 the outer view ; and fig. 10 the inner
view of the left Shoulder-plate. ' . : :
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This minute, nearly vertical Limb-girdle is, by its histological development, subdivided into
three superimposed morphological regions.

The first of these is the supra-scapula (s. sc.), which is sub-lunate, and broader than deep :
it is only ossified, as in Lizards generally, by endostosis. Continuous with this is the scapula
(sc.), a phalangoid ray, having its broad upper and lower margins sloping downwards in front ;
a long, narrow, sub-cylindrical body, and a foot-shaped base, which is scooped on its outside,
posteriorly, to form the upper half of the neat glenoid cavity (fig. 9.gl). The whole of the
scapula is invested with an ectosteal sheath, so that it is a perfect shaft-bone, with the supra-
scapula arrested as its epiphysis. The lowest division is twice as large as the uppermost, and is
like it in shape, only that it is dzverfed, the blunt-pointed end being directed forwards and
upwards, that of the supra-scapula being backwards and downwards. This is the coracoid (cr.),
or rather the whole coracoidean region, pre-, epi-, and post-coracoid all in one low, broad,
thoroughly ossified shaft-bone. Outside, near the hinder margin, it makes the bottom part of the
glenoid cup (fig. 8, gl.); and a little below its articulation with the scapula, in front, the nerve-
passage can be seen (fig. 10). This coracoid is very thick at its sinuous upper margin, scooped
at the middle, and somewhat thickened again in the extended epicoracoid region; this part is
nearly invested with the general ectosteal covering, for but a little of the ¢nzer bone can be seen.

This is a very generalised structure, but in respect of its perfectly ossified scapulait stands
higher than my next example of a Lacertilian Shoulder-plate; but there is no “coracoid cleft,”
such as we have seen in the Amphibia, and shall see also in most of the Lacertilia.

Professor Hyrtl’s preparation shows no splint-bones, as far as I can see with a pocket
glass: and in this, as well as in the undivided coracoid, we have the Chamaleon forestalled
(see P1. 11, figs. 4, 5).

In the whole range of vertebrate morphology there is nothing more beautiful or more
instructive than the relativeiy large Sternum of Chirofes; for if the Sternum of the Human
embryo were to be demonstrated apart from the costal girdles, one diagram would serve to explain
both that and what we find in this little Snake-lizard. " The three typical transverse divisions,
namely, the pre-, meso-, and xiphi-sternum, are all perfectly marked out here, whilst the greater
part of the primordial line (the thoracic “ fontanelle,” so to speak) is persistent. If the ribs had
not been arrested there might have been seen the counterpart of our first dorsal (and perhaps
also, as in many Lizards, of the last cervical) ribs, attached to the sides of the manubrium,
behind the “coracoid grooves;” at the junction of the pree- and meso-sternum there might
have been the exact homologue of our second ribs; then a series of thoracic ribs; and lastly,
free xiphisternal horns, as in most Mammalian embryos, and also in some adults, as in certain species
of Pangolins (e. 9. Manis longicauda and Pholidotus africanus, see Pl. 22, fig. 13). This is a most
striking instance of what we so frequently meet with, but which is always puzzling at first sight,
namely, the cropping out of the distal part of an arch (or arches), the sides of which are aborted.
The correlation of the pra-sternum with the broad coracoids has resulted in its being five times
the breadth of the meso-sternum ; it is one and a half line in length and one and one fifth line in
breadth, and is sub-hexagonal in outline. The antero-lateral margins (Plate VIII, fig. 8, p. st.)
are concave (lunate), and they end in a subfalcate liorn on each side; these horns are sepa-
rated by a cleft, which is wide at first, then narrow, and broad again where it terminates near the
middle of the pree.sternum. The hinder half of the middle is occupied by an isthmus of soft
cartilage, then an oval fenestra (p.st. f.), and then there is a smaller isthmus, which is ossified as
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much as the main part of the Sternum, namely, by “ sub-central endostosis.” The short, ribless
sides are at first almost straight, and then they are eoncave as they narrow towards the meso-
sternum. The coracoid margins are thickened, as in Lizards generally, and then the pree-sternal plate
- becomes thinmer for the rest of its length. The meso-sternum (m. st.) is one line and four
fifths in length, its parallel moieties arc each one tenth of a line in width ; they are a little enlarged
at each end, but on the whole they are very uniform bands; they, like the prae-sterhum, have no
ribs attached to them.

The next division is composed of the ¢ xiphisternals” (Plate VIII, fig. 8, x. st.) ; these are
of the same breadth, or nearly, as the meso-sternal bands, and they are one line and one fifth
in length; they are somewhat clubbed where they join the meso-sternals, are greatly curved
outwards, the convex margin being behind or within, and their posterior free ends are clubbed
and rounded. The ossification of all the parts of the Sternum is evidently typically Lacertilian
it being “subcentral endostosis;” and what is more, the segmentation, transversely, into the
three typical regions, is by an arrested transverse cleaving ; for here, as is so common in the lower
part of the costal arches of Lizards, there is a pith of cartilage not cut through by the natural
cleavage of the parts, and it is this which so long resists endostosis in this Class, lying as a
thin innermost plate of soft cartilage in flattened parts, and as a delicate rod surrounded by
bone (which bone itself has a bark of soft cartilage) in rounded rods.

It is evident that J. Miiller’s description, given by Rathke (transl., p. 91), gives the whole meso-
xiphisternum as one piece; the xiphisternals, with the dried intervening membrane, forming the
broad end of the long triangular appendage to the shield-shaped manubrium ; it is possible that
these bands differ in different individuals, both as to relative length and as to the degree of
divergence of the xiphisternal horns.

I shall have to refer to these strnctures of Clirofes several times before my descriptions are
finished.

9. “SAURIA SQUAMATA ATYPICA.”
S]Loulder-yirdle and Sternum both present.

Frample 1.—Aecontias meleagris, Linn., sp.  See transl. of Rathke, p. 91.

EBzample 2.— Oplisaurus ventralis, Linn., sp. See transl. of Rathke, p. 92.
Ezample 8.—Pseudopus Pallasii, Cuv. See transl. of Rathke, p. 92.
Ezample &.—Anguis fragilis, Linn,

Rathke’s description of the Sternum of this species has already been given (p. 92) with those
of the other three instances; but he treats of the inter-clavicle as part of the Sternum, and gives
no account of the Shoulder-girdle. We now come very close to the typical Lacertilia, and I have
been profuse of large illustrations of the Shoulder of this species, that I may be better prepared to
illustrate the more highly scgmented, and more fully developed parts in the perfected Reptile. The

13
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Blind-worm (Orvet) may be taken as the type of its own group; and it will illustrate the faet
that these limbless Scincoids are the highest of the Worm-shaped Saurians, the Amphisbaena
being next below them, whilst the true Ophidia lie at the base of the whole Class.!

In Anguis we find three Shoulder-splints; two cartilaginous moieties of the true Shoulder-
girdle, each divided into five regions, but nowhere segniented through; and in correlation with
these halves there is a well-developed prea-sternutn, not continuous with the ribs, and answering
to the lower part of the last cervical and the first thoracic arch.

Anguis 4—My youngest Blind-worm was three inches long, scarcely larger than the figure
given of its own clavicle (Plate VIII, fig. 2, cl.). This figure, showing also the rest of the
shoulder, is magnificd twenty-five diameters. Besides the presence of the splints, which are so
profuse in the Fishes gencrally, but are absent in the Amphibia, we note herc a deficiency of
proper shaft-bones, quite as great-as occurs even in the Urodelous Amphibia (see ‘Axototl ;’
Plate VIII, fig. 1).

The upper part of the shoulder-plate of 4nguis (Plate VIII, fig. 2, s. sc., sc.) is like a pruning
hook, the lower and much larger part (p.cr., cr., e.cr.) is not unlike a ploughshare. The anterior
angle of the supra-scapula is rounded off, the posterior is produced backwards and down to the
glenoidal region, the posterior margin is sinuously concave. The scapular neck is rather narrow,
and it then widens gently into the two parallel regions below. The supra-scapula is unossified,
and the scapula is a mere epiphysis of the coracoid (cr.). This cpiphyseal bony matter is no
longer peripheral, as in the Anoura; but it is subcentral, as in all the Reptilia proper; so that
whenever a cloud of bone appears, there the tissue is composed of five layers besides the peri-
chondrium, viz. two outer and one innermost layer of nucleated cartilage-cells, and a pair of
subcentral layers of endosteal bone, the immediate calcification of the daughter-cells of the
cartilage. ‘This condition is persistent wherever there is no ectostosis, and this description is true
of all the Class. The best defined morphological region is the coracoidean (cr.), for this notably
has undergone ectostosis, in addition to the inner calcareous growth ; but it is separated to a great
extent from the prae-coracoid by a large cleft, which, however, is arrested at both ends (cr. f.).
This is the only morphological subdivision of the plate; it is indebted to the different Aistological
regions for the others.

The coracoid is of the usual phalangiform shape ; but the prae-coracoid (p. cr.) is everywhere
broader than the neck of the coracoid ; it is continued downwards from the scapula to the epi-
coracoid (e. cr.), and it receives some bony matter from both regions, but has none of its own ;
its scapular root is the * pre-mesoscapula,” as in the Frog. We look in vain for any sign of a
“ glenoid” cavity in Anguis, for the scapular region passes into the coracoid almost insensibly
(fig. 2, sc. cr.). If the ordinary nerve-passage has any existence, it is in the membranous fenestra,
and does not pierce the head of the coracoid, as in the Frog. The Shoulder-plate becomes one
again beneath the fenestra. This part—the epicoracoid—is a very large oblong, anteriorly hooked
plate, very thin, elastic, and diaphanous; the left underlies the right to some extent. All but
the headlands of this large territory is oeccupied by feeble endosteal deposit (a coracoidean
epiphysis). This bony region is irregularly triradiate; a small ray ascends into the root of the
prae-~coracoid ; another runs backwards under the coracoid ; and the largest sweeps forwards in an
elegantly lunate form towards the front hook of the Shoulder-plate. Loosely connected with

! T hope to show this fact, at some future time, in a paper on the Reptilian Skull.
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these overlapping, squamous Shoulder-plates, we see a pair of sigmoid rods, thoroughly ossified,
and quite unlike the structures they undergird; these are the clavicles (cl.), equally like those of
an Eel and those of a Man. Like the clavicles of an Eel, and unlike those of a Man, these are
pure splints (subcutaneous exoskeletal bones) ; and Dugés, in his work on the Batrachians, has
wrongly figured these bones with a knob of cartilage on the lower end (see his plate iii, fig. 27,
No. 33). Nature has evidently set these clavicles here as a landmark to anatomists in their long
morphological journey from the worm-like Eel to the highest of the Mammalia ; and the continuity
of the whole clavicular series is thus clearly revealed. The backward curve of these bones is very
elegant, and the whole form is “a line of beauty and grace,” looking as though the same fingers
had bent them as those which moulded our own collar-bones. The other splint, the inferclavicle
(i. cl.), is strapped on to the antero-inferior part of the pree-sternum, occupying its primordial
fissure, and is at present composed of two pairs of bone, one hammer-shaped and the other drop-
shaped, but both soon to melt into one nodule. Plate VIII, fig. 8, 1. cl,, shows these two
symmetrical nuclei as magnified 125 diameters; they are seen from below, and lie in loose areolar
tissue in the gap between the front edges of the sternum.

Above the Ganoid Fishes, this is the only instance I can give at present of the primordial
symmetry of the inter-clavicle; but a careful study of the development of this bone in embryo
Lizards would, very probably, show it to be not at all rare. No one could have better described
the difference between this bone and the Sternum than Rathke, and yet he always calls it the
“ anterior sternal bone.” Nearly every other anatomist, however, has made the same mistake, and
the inter-clavicle has for a long time past “blinded the eyes of the wise.”

The true Sternum of the youngest Blind-worm (Plate VIII, fig. 2, st.) only answers to the
anterior half of the first division of that of Chérofes (fig. 8, p.st.), and belongs therefore to the
last cervical vertebra. ‘The two halves, the right being the largest, are united behind by a narrow
isthmus, but are separated by a large primordial notch in front; each piece is pear-shaped, and the
broad ends come to the mid-line. The oblique anterior margins are grooved for the epicoracoids
(e.cr.), and the posterior free margin is continuous, and is as though it had been gnawed. Each
mowty has its own infernal double bone-plates, which shine through the clear, compound-
celled cartilage; these right and left sternal bones are bordered by a rather wide margin of
soft cartilage.

Anguis B.—My next specimen was three inches ten and a half lines in length ; half its
Shoulder-girdle is shown in Plate VIII, fig. 4, magnified twenty-five diameters, and seen from
without. Iere the scapular bone-substance, which was bifurcate on the right side in the last, is
creeping upwards as a trilobate plate. The coracoid (cr.) is thicker throughout; but the
epicoracoid bony plate is less in proportion to the cartilage than in the last: the clavicle (cl.) is
very much thicker; it reaches, as is usual in the Reptilia, to the supra-scapula above, and beyond
the pree-epicoracoid angle below; any one who has studied the Shoulder-splints in Fishes will see
no difficulty in this. '

Anguis C—The next Blind-worm was almost full-grown ; figure 5 shows its two Shoulder-
plates seen from above, and magnified fifteen diameters. The pra-coracoid band (p. cr.) is only
well seen in this figure, and the difference of the right and left sides as to bony growth is made
manifest; for on the left side the meso-pre-scapular bone grows towards the pree-epicoracoid ;
whilst on the right side these patches do not approximate, and there is a quite distinct lower pre-
coracoid patch. This bony centre, with its circumambient cartilage, is the large, generalised
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representative of the small specialised patch which breaks out near the sternal end of the clavicle
in the Mammals. The semi-osseous epicoracoid, lying more in front of than below the coracoid,
is seen to be the true morphological counterpart of the epicoracoid of the Monotreme, in which
this part has an ecfosfeal sheath, as well as the coracoid ; and in which the coracoid shaft reaches
to the base of the cartilage -postero-inferiorly.

Anguis D.—This was an old individual, and serves to show how little relative change takes
place from the time when the Snake is only three inches long to its last condition. TFig. 6 shows
the outside of the Shoulder-plates, magnified twelve diameters; and by comparing this figure
with that of Anguis 4 (fig. 2), it will be seen that the changes have been principally those of bulk,
and not of relative modification. The base of the supra-scapula (s. s¢.) is affected by the three
scapular bony rays, but the rest is quite soft. The scapula itself (sc.) is surrounded by clear
cartilage ; most of the pra-coracoid (p.cr.) is unossified, and so also is the outer half of the
epicoracoid (e. cr.). The base of the coracoid (er.) is extended, and the fenestra (cr. f.) is rela-
tively less; the epicoracoid flaps overlap nearly as much as in Anguis 4, the right overlying
the left. The clavicles (cl.) have become two or three times as stout, relatively ; but their shape is
very little altered. The interclavicle (i. cl.) has become a single, nail-shaped bone, with a fissure
through it, and a notch below its head, also showing where it was once quite divided into two
pieces. It is now a good generalised representative of the so-called *“ento-sternum” of the
Chelonian, and “* epi-sternum” of the Lizard and the Monotreme. From its position below and
in front of the Sternum it stops up the chink in the latter, and appears on the inside behind the
bridge of cartilage, which has cemented together the *inner coracoid lips” of the true Sternum
(Plate VIII, fig. 7, i. cl, er. g.). The Sternum (figs. 6 and 7, st.) has a greater antero-posterior
diameter than in the young specimen, and there is nearly room for a first thoracoid rib behind
the coracoids. The primordial division appears as a lunate notch in front and behind, and as
a chink behind the confluent coracoid lips (fig. 7, st. f.); here we see the inter-clavicle fixed like
a wedge in a board. The ““outer coracoid lips” are more extensive than the inner (fig. 7, cr. g.),
but they are both well defined; the bony patches have met and coalesced at the mid-line, and
they keep very clear of the mefosteal ““inter-clavicle,” showing their independence of and want
of morphological relation to it.

3. “SAURIA SQUAMATA TYPICA.”
A. With three Shoulder-splints, viz. a pair of Clavicles and an ** Inter-clavicle.”

I shall now undertake the description of the Shoulder-girdle and Sternum in the Lacertilia
generally ; excluding, at present, the Chameeleonidee, because of the absence in them of the usual
Shoulder-splints.  The field, however, is so very extensive, that I cannot find either time or space
for half the material at my disposal, and I must choose certain important examples which may do
duty for the numberless Lacertian types. I shall very much enrich my paper by giving Rathke’s
account of the Breast-bone and its inter-clavicular splint (supposed by him to be the anterior
sternal bone) in many species not worked out by me. The following translation (by Mr. Power)
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extends from page 7 to 17 of that invaluable paper. My own terms are enclosed in brackets
and italics, and I shall give references to my own plates :

Ratuge, ¢ Brusibeius der Saurier, pp. 7—17,

§ V.—As in the atypic Scaly Reptiles, so also in the typieal Reptiles, the Sternum is usually
composed of two pieees of unequal size [Sternum and inter-clavicie]. To this rule the Chamz-
leonidze, up to the present time, eonstitute the only exception, for in them the bony piece [inter-
clavicle] is absent whieh eorresponds to the smaller sternal piece of other Sealy Reptiles. In propor-
tion to the size of the whole body, the two sternal pieces are eonsiderable larger in the typical Sealy
Reptiles than in the atypical ; and their position is so far different that in the atypieal species the
smaller or under pieee of the Sternum [infer-clavicle], to a moderate or even to a considerable extent,
extends in front beyond the greater piece, on whieh aceount the one may be called anterior and the
other posterior.

§ VI.—The lower piece [manubrial splint or inter-clavicle] of the Sternnm exhibits very
different forms in different specics of the Scaly Reptiles. In general, however, we may distinguish a
eentral stem and two lateral prolongations. The axis of the eentral stem eorresponds to the middle
line of the body. The bone is elongated, more or less flattened above and below, and either gradually
fines off into a pointed process posteriorly or retains its breadth to the extremity, which is merely
rounded or blunt pointed. The stem of the anterior piece, therefore, if elongated, has some resem-
blanee to an awl (Varani, Lacerta agilis, Lyriocephalus margaritaceus, Agama mutabilis, and Oplurus
torquatus), or to the blade of a double-edged dagger (Tejus Teguizin, Ameiva vulgaris, Iguana fuber-
culate, Polychrus marmoratys, Uromastiz spinipes, Platydactylus guttatus); or to the blade of a short
sword (Anolis carolinensis, Seps chalcidica, Lacerta ocellata, Basiliscus mitratus, Cyclodus nigroluteus).
It is extremely rare for it to have great breadth in proportion to its lengtﬁ, and the form of a table,
but this occurs in Molock horridus and Phrynosome Harlanii. In the former it is an elongated triangle,
the base of which is directed forwards, and is somewhat rounded. In the latter it is as long as it is
broad, retains the same breadth everywhere, and behind presents a deep reetangular exeavation.

The two lateral processes of the anterior sternal pieee [inter-clavicle] either diverge from the
most anterior part of the stem or from a part sitnated somewhat more posterior, and in both cases
present variations in length and eontour in different speeies of Scaly Reptiles. In those species in
which they proceed from the most anterior part of the eentral piece or stem they are short, broad, and
ronnded at their extremities, as in Basiliscus mitratus ; moderately long, slightly arched, and directed
outwards and backwards, as in Jguana tuberculata ; and similarly curved and directed, though longer in
proportion to the stem, in Varanus niloticus, Varanus ornatus, Varanus bivittatus, Polychrus marmoratus,
Anolis carolinensis, Oplurus torquatus, and Phrynosoma Harlanii, Amongst those in whieh the ale or
lateral pieces procced from a portion of the stem situated further back, they are very small and only
wart-like, as in dmeiva vulgaris and Molock horridus ; moderately long, remarkably broad in proportion
to their length, much flattened, and altogether resembling wings, in Tejus Teguizin, Lyriocephalus
margaritaceus, Agama mutabilis, Platydactylus guitatus; moderately long and broad, or rather small,
resembling a bean, and directed outwards, in Lac. agilis, L. ocellata, Uromastiz spinipes, Seps
chalcidica, and in Cyclodus nigrolutens. The anterior extremity of the stem, which forms a point in
the latter species, projects beyond the ale only very slightly in Uromastiz spinipes and Lac. ocellata,
but eonsiderably, on the other band, in Lyriocephalus margaritaceus and Cyclodeus migroluteus. 'The
stem of the anterior sternal piece [inter-clavicle] reaches to a greater or less extent further backward
under the posterior sternal piece [frue Sternum], and the extent to which this oceurs is in proportion
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to the comparative lengths o_f the two pieces, and is also influenced by the extent to which the anterior
piece projects forwards in relation to its length. Thus in Phrynosome Harlanii, Moloch horridus,
Caloles pictus, Lyriocephalus margaritaceus, and Oplurus torquatus, it does not reach the second fourth ;
in Lacerta ocellata, Lac. agilis, Basiliscus mitratus, and Platydactylus guttatus, it reaches about to the
middle ; in Anolis carolinensis and Seps chalcidica, far beyond the middle; and in Tejus Teguizin,
Ameiva vulgaris, and Uromasliz spinipes, it reaches nearly the end of the plate of bone formed by
the posterior [or {rue] sternal piece.

That portion of the anterior sternal piece which lies under the posterior portion is received into a
corresponding fissure of the latter bone, which fissure, whilst it is for the most part only small, is yet some-
times, as in the Varanians, the Iguanians, in Tejus Tegui.z"in, and Cyclodus migroluteus, of consider-
able depth. It is usually fixed in this position by fibrous membrane, which can only be regarded as a
portion of the periosteum of the posterior sternal piece; for while the furrow exists on this piece, the
periosteum, as may best be perceived on making a transverse section, splits into two layers of unequal
thickness, of which one invests the prolongation of the anterior sternal bone [inter-clavicle] on its under
side, whilst the other, much thinner, surrounds it on its upper surface. But in a few Scaly Reptiles, as in
Platydactylus gutlalus and Phrynosoma Harlanii, the two sternal bones [Sternum and splint] are, after
complete development, no longer connected with one another by fibrous tissue, but have actually to a
greater or less extent coalesced. The substance of the anterior sternal bone [infer-clavicle] is in the
typical as in the atypical species of Scaly Reptiles composed of strong and hard bone [kard very carly,
being an ossification of fibrous fissue, « parostosis], the corpuscles of which are provided with numerons
canaliculi containing only a simple and proportionately small cavity, and lie close to one another.
They are not arranged in groups of any determinate form, but lie scattered irregularly in every part.

§ VII.—The upper or posterior and greater piece of the Sternum [true Sternum] in the typical
Scaly Reptiles has not only a proportionately greater extent, but also a more compound form than in
the atypical species, for it is provided at its extremity either with an azygous process [meso-ziphisternum],
or with a pair of processes [wiphisternals], which are connected to it by a fine fibrous tissue, and very
rarely, as in Polychrus marmoratus, coalesce with it [they are seldom quite segmenied 'oﬁ', and when
conlinuous are so primordially]. We may, therefore, differentiate two portions in this piece, an anterior
and a posterior, of which the former constitutes the most essential part of the whole Sternum.

The anterior diViSiO;], or the body of the posterior sternal bone [pre-mesosternum] is a mode-
rately thick shield-like plate, which is slightly concave on its upper aspeet, or thc surface turned
towards the abdominal cavity, and slightly convex on its lower surface. Sometimes, but exceedingly
rarely, as in Phrynosoma Harlanii, it is flat on both surfaces. Tt usually resembles a lozenge in form,
with one angle directed forward and another backward (sec Plate IX, st.). It is somewhat longer than
broad, The anterior angle is rather rounded, and the posterior so truncated that the bone presents at its
extremities a transverse though certainly only a short border. In those Scaly Reptiles, however, in which

.the body possesses great breadth in proportion to its length, which is very common, the shield-like plate
of the Sternum also attains great breadth, especially in its posterior half. The otherwise only short
posterior horder is then of considerable length, and the whole plate presents a general resemblance to
a pentagon with equal sides. A strong approximation to such a form occurs in Agama umbra, Basiliscus
mitratus, Stellio vulgaris (see Plate XI, fig. 2), and Grammatophora .barbala, yet even in these the
posterior border is not so large as the two postero-latcral borders.

In Phrynosoma Harlanii, in which the length and greatest breadth are equal, and in Moloch
horridus, in which the greatest breadth is to the length as 1:23 to 1, they have tolerably exactly the
form of an equilateral pecutagon. Whatever, however, may be their form, their antcro-lateral borders are
in relation to the hooked collar-bones [tke coracoids], and their postero-lateral edges with some of the ribs.

In the typical Scaly Reptiles the shield-like plate of the posterior sternal hone is usually a little
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thinner towards the middle than at its edges. In several of these Reptiles it is actually perforated,
presenting a space in the centre (Plate IX, figs. 3, 5, and 6), which is closed up by the periosteum of
the Sternum extended over it. A similar space or fontanelle of very moderate size and rounded form
is apparent at a short distance from the end of the bone in Lacerta ocellata and Seps chalcidica ; a
much larger one of roundish form in the middle of the bone in Lophyrus gigenteus ; one of considerable
size, but of a large oval form, with the long diameter in the axis of the body, in Ameiva vulgaris,
Tguana tuberculate (see Plate IX, figs. b and 6), Lacerta agilis, Oplurus torquatus, Agama umbra, Ag.
colonorum, Phrynosoma Harlanii, Phrynocephalus caudivolvus, and Calotes pictus (Cuv., Agama picta,
Pr. Max). If these spaces be not far back, but near the middle of the hone, they are in some cases
completely, in others incompletely, covered on the under surface by the anterior sternal bone [inter-
clavicle], according as this stem has a greater or less length and breadth (see Plate IX, fig. 2). In other
cases, again, the anterior sternal bone does not reach to them nor in any way cover them, which is
especially seen in Lacerta agilis, Calotes pictus, Oplurus torquatus, and Seps chalcidica. Sometimes,
though rarely, two such spaces appear in the shield-like plate, lying symmetrically, and separated by
a small process of bone in the middle line.

Cases of this kind are presented by Stellio vulgaris (sec Plate XI, fig. 2) and Agama mutabilis,
in which the spaces are of moderate size and of a long oval form, with the broader end directed
forwards. In Uromastiz spinipes the number of spaces is still greater, three lying close together, the
two lateral spaces [enfo-mesosternal clefis] of a long oval form, with their broad ends turned
forward and of moderate size; the middle one [primordial cleft or “ fontanelle’’] is, indeed, longer, but
mueh smaller, elongated, and triangular, with its basis directed forwards, and completely covered on
its under surface by the stem of the anterior sternal boue [infer-clavicle].

§ VIII. According to the statement of Cuvier, in animals of the Monitor species (Varanus) the
posterior piece of the Sternum is apparently divided by a fissure,’ and this statement rests apparently upon
Stannius’s expression, that in Varanus the posterior piece of the sternum is formed of two symmetrical
lateral halves, each of which is eartilaginous.? But in three examples of the genus Varanus, particularly in
one of V. niloticus, one foot eight inches long, another somewhat larger of V. ornatus, and a third, V.
biviltatus, two feet eight inches six lines long, I have .found the plate of the posterior sternal bone which
is lozenge-shaped iu these Saurians, neither divided longitudinally nor perforate in the centre, yet
presenting such an appearance that upon a superficial examination with the naked eye it might be con-
cluded that it was composed of two plates of cartilage connected together by fibrous tissue. On its convex
under surface, as in many other Scaly Reptiles, there may be seen a moderately broad groove, proceeding
from its anterior angle, and extending to a considerable distance behiud its middle. At first this is only
shallow, but it becomes dceper posteriorly, and is oecupied by the posterior half of the anterior sternal
bonc [inter-clavicle]. Corresponding to this groove and extending over it from behind, is a straight
whitish streak (see Plate X, figs. 8 and 10), which completely passes through it from the upper to the lower
side. This is small anteriorly, then gradually becomes considerably broader, and then again towards
the end of the ahove-mentioned grooves it becomes smaller till it is no wider than in front, and,
finally, terminates in the posterior angle of this lozenge-shaped piece of skeleton. If thin sections of
this be now examined microscopically, it appears that the whitish strcak in question is only composed
of fibrous tissue at its upper and lower side, o wit, from a portion of the periosteum of the lozenge-
shaped sternal plate, but in the interior it is formed of hyaline cartilage throughout its whole length
and breadth ; and that the greater portions of the plate lying on its two sides pass into it without
interruption ; these portions, however, only consist of cartilage on their surface, whilst they are bony

1 ¢ Recherches sur les Oss. Foss.,” 4th edit. vol. ii, p. 84.
* ¢ Lehrbuch der verg. Anat. v. v. Siebold und Stannius,” vol. ii, p. 138.
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in their interior. In other typical Scaly Reptiles, when they were adults, I have been unable to
discover in the shield-like plate of the posterior sternal bone any such persistent cartilaginons streak
passing through it as in Varanus, but they appeared to be ossified through their whole length and
breadth. T have, indeed, in young specimens of Lacerta agilis, found that the ossification of the
plate in question commences in the intcrior of the two lateral halves, extending partly towards the
middle line, partly towards the surface. I have also in older specimensof a few other Scaly Reptiles
observed these plates still unossified near the surface, being covered with a very thin superficial layer
of cartilage, The hony substance of the shield-like plate, as well as the appanage of the posterior
sternal plate, which appendage 'likewise ossifies from within outwards, is much less strong and dense
than those of the anterior sternal plate [infer-clavicle], and exhibits a granular structure, whose
granules or compound bone-cells have a diamater of 0:0040 inch in diameter, and they resemble the
structure previously described as possessed by the posterior sternal plate [pre-sternum] of Pseudopus
Pallasii.

§ IX. As already remarked, in most of the typical Scaly Reptiles there is to be found at the
extremity of their posterior stermal bone an appendage directed backwards, which consists of one
[meso-ziphisternum] or two [wiphisternal horns] bony pieces, that are movably connected with the chief
bone by fibrous tissue, and are rarely continuous with it. [TVe cleft is seldom quite through the cartilage.]
When two such pieces are present they appear like a couple of horns of symmetrical form and size, or
nearly so. TFor the most part these appear somewhat flattened on their upper and lower surfaces ;
occasionally, as in Draco viridis and Agama wmbre, cylindrical in relation to their length they
have only a very moderate breadth and thickness. Posteriorly they terminate either between the
muscles of the abdominal wall or attach themselves to the extremities of two correspouding ribs, in
such a manner as to form an obtuse angle or a pair of arches, In the former case they narrow as they
pass outwards, and tcrminate in a point ; in the latter case they usually preserve the samc breadth and
thickness to their extremities.

Anteriorly, where they are attached to the plate of the posterior sternal bone, they lie in close
contignity to one another when this plate has the form of a lozenge (Plate X, fig. 10), and are only
slightly supported by its posterior angle. On the other hand, they are separated by a considerable
interval when the above-mentioned plate is broad posteriorly, and presents the form of a regular
pentagon (Plate XTI, fig. 2), their distance being, indeed, regulated by the length of this posterior side of
the pentagon in proportion to that of the other sides. In their course backwards they are either
parallel to one another or in the first instance diverge and then approximate, or, lastly, pursne
altogether a divergent course. In the process of development the horns of the Sternal bone are also
ossified from the centre towards the circumference, but a more or less thick layer of unossified cartilage
may frequently be found covering the surface.

§ X. Sternal bones [free xiphisternals], with free extremities unattached to a pair of ribs, occur in
Draco wiridis, Lophyrus giganteus, Lyriocephalus margaritaceus, Istiurus amboinensis, Basiliscus
mitratus, Moloch horridus, Phrynosoma Harlanii, Phrynocephalus caudivolvus, Agama mutabilis, Ag.
colonorum, Grammatophora barbata, Stellio vulgaris (Plate XI, figs. 1 and 2), Zonurus cordybus,
Uromastixz spinipes. 1In all these Saurians the proccsses are bent outward, and are most distant from
one another at their extremities ; yet in the different species their curvature and relative position to one
another is so far different that in some, particularly in Draco viridis, Lophyrus giganieus, Lyrio-
cephalus margaritacens, and Zonurus cordylus, they are for a very small extent in the first instance bent
outwards, but subsequently become widely divergent, whilst in other cascs they are widely divergent
from the very commencement. The extremities are for the most part simply directed outwards; but
in a few cases, especially in the species already adduced of the genera Draco, Lophyrus, Lyriocephalus,
Grammatophora, aud Stellio (Plate XI, figs. 1 and 2), the ends are hook-shaped and arc bent outwards
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and forwards. As regards the position of the ends, they are found to terminate near the line of union
of the abdominal wall and the lateral surface of the body, or somewhat higher, and in the substance of
the latter. -

These parts of the skeleton are in proportion to the length of the plate of the posterior [true]
sternal bone, as well as in proportion to the length of the body, in some of the above-named Scaly
Reptiles of moderate, in others of great, length. In the following table are given my measurements
as obtained from specimens preserved in spirit of their length, as compared with the length of the
posterior sternal bone :

In Zonurus cordylus =093 :1
,, Phrynosoma Harlanii =100:1
5, Istturus amboinensis =133:1
»» Lophyrus giganteus = 135:1
,, Basiliscus mitratus = 150:1
,, Grammatophora barbata = 150 : 1
,» Phrynocephalus caudivolvus = 1564 : 1
,»» Lyriocephalus margaritaceus = 155 : 1
5y Agama colonorum = 155 :1
»» Uromastiz spinipes = 166 : 1
5, Moloch horridus =177 :1°
s Draco viridis =187:1
. Stellio vulgaris =225:1
sy Agama mutabilis = 227 : 1.

§ XI.—If the horns of the Sternal bone in typical examples of the Scaly Reptiles have united
[are connate] at their extremities with the ends of two ribs (see Plate IX), they are either counected
together by a thin layer of fibrous tissue or the ossecous and cartilaginous tissues of the two bones
coalesce. The former condition occurs in Varanus ornetus, Varenus bivittatus, Tejus Teguizin, Lacerta
ocellata, Lacerta agilis, Platydactylus guttatus, Platydactylus egyplius, and Iguana tuberculata
(Plate IX, figs. 4 and 5); the latter (see Plate X, figs. 8 and 10) is presentin Varanus niloticus,
Anolis carolinensis, Oplurus torquatus, Agama umbra', Cyclodus nigroluteus, Polychrus marmoratus, and
Seps chalcidica {sec Plate X, fig. 2; but in my specimen of Cyclodus there is union of the two horns
to form a meso-sternal piece. W.K.P.]

Amongst those Scaly Reptiles in which the latter of the two conditions obtains there are a few
in which there is scarcely any line of division between the horns of the Stcrnal bone and the ribs united
with their extremities. This is observed in Varanus niloticus, Seps chalcidica, and Anolis carolinensis
[and in Psammosaurus scincus and Monifor dracenae; see Plate X, figs. 8 and 10]; but in others
there is a line at the point of union, and it is here also thinner than elsewhere. In others a similar
indented line is observable at a short distance from the Sternal plate, indicating the junction of the
sternal bone with the horn. !

The Sternal horns, thus united [connate, generally] at their extremities with two ribs, are in some
of the Scaly Reptiles rectilinear and parallel to one another—Varanus ornatus and Varanus
bivittatus (see Plate X, fig. 10) ; or diverge moderately from one another—dnolis carolinensis, Iguana
tuberculata (Plate 1X, fig. 8), Calotes pictus, Polychrus marmoratus, and Seps chalcidica ; and with the
two ribs with which they are united form more or less convex arches. In others they, in the first

! 1t is remarkable that in 4gama umbra the sternal horns are united at their ends to a pair of
ribs, although in other species of the genus Agama they terminate between the muscles.

14
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instance, diverge from one another, then again closely approximate, and form ecither a pair of flat
arches or a pair of very obtuse angles, leaving an elongated space between them, which is broadest
about its middle, and has the form of an cllipsoid, or of a lozenge, or of a moderately broad fissure.
This space is occupied by a layer of fibrous tissue.

They present such a course and form in Tejus Teguiwin, Lacerte agilis, Lacerta ocellata, Platy-
dactylus guttatus, Platyd. egyptiacus, Euprepis Merremii, and Euprepis bistriatus, in all of which, more-
over, they are at their extremities united at angles of varying degrees of obliquity with one pair of
ribs, their extremities being turned towards the middle line of the body. In others, again, as in
Varanus niloticus and Agama umbra, they are deflected outwards, separate more and more from one
another, and form with cone pair of ribs well-marked arches.

In the Saurians mentioned in this paragraph, in which the length of the sternal horns were
determined with perfect or mnearly perfect accuracy, they were for the most part smaller than in
those mentioned above; but in the several species their length was to the length of the sternal

plate—

In Varanus ornatus == 018 : 1
.,y Varanus bivittatus = 022:1
,» Lacerla agilis = 057 (to 0°75) : 1
»» Tejus Tegquizin = 061 : 1
,, Calotes pictus = 065 : 1
18 Lacer:ta ocellata = 066 : 1
,»» Platydactylus egyptiacus — 071 :1
,» Buprepis bistriatus — 071 :1
4 Agama umbra = 080 :1
;, Iguana tuberculata == 087 : 1
,y Polychrus marmoratus — 1-00 : 1
» Cyclodus nigroluteus = 1:00 : 1
» Platydactylus guttatus — I'12 : 1

— 1’714 : 1

Euprepis Merremii

2»

§ XII.—An asymmetrical appendage [ziphisternum] to the posterior sternal bone [meso-sternum]
appears, from the foregoing observations, to.occur in a much smaller number of Scaly Lizards than a
pair of symmetrical appendages. I have remarked the- former only in Gongylus ocellatus, Ameiva
vulgaris, and Chamesaura anguina. In all three it consists of a bony plate, which on one side is
curved upwards and on the other downwards. In Gongylus ocellatus this plate has the form of an
elongated lozenge ; but the edges were moderately concave, and the extremities somewhat truncated.
Their length is proportionate to that of the posterior sternal bone [meso-slernum], to the end of which it
was fastened, as 074 : 1. In Ameiva vulgaris it has the form of a pentagon, with an angle directed
forwards, whilst the two angles that were directed backwards were prolonged into two short horns, that
were connected with the ends of two ribs by a short band of connective tissue.

Including these horns, the -proportion in length of this piece to the anterior division of the
posterior sternal bone was as 082 : 1.

In Chamesaura anguina it was about as long as the posterior sternal bone, and was not, as in the
preceding animals, connected with it through fibrous tissue, but was so coalesced with it that it
appeared only as a prolongation of that bone. Their anterior and posterior halves formed two triangles
with concave borders, whose anterior angle (Scheitelwinkel) is turned forwards, and the remaining
angles are connected with a corresponding number of ribs. In the middle of the anterior half I found

a small roundish space filled with fibrous tissuc.
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In regard to the development of this unsymmetrieal appendage to the Sternum of some of the
Scaly Reptiles, we may presume that in these instances a symmetrical portion of the Sternum, the
moieties of which in these Scaly Reptiles remain separate and form two moderately or considerably
prolonged horns, hiere in an exceptional manner lie close together, and ultimately coalesce. That this
is the mode of development is indicated alike by the spaces in Chamesaura anguina and the two short
horns in Ameiva vulgaris, and also the cireumstance that in one of three specimens of Cyclodus
nigroluteus [sce the figures of this and of Trachydosaurus, Plate X, figs. 2 aud 4], I found, as usual,
the horns of the Sternum were of moderate length, and divided in their whole extent ; in a second they
had completely coalesced at their extremities, and in a third for a moderately long extent in the middle.

These last remarks of Rathke show how profound his conceptions were on these subjects.
They are perfectly true to nature; and I hope, with the help of my figures, to illustrate these
important researches of his, to throw still more light upon the matter, and to give to this branch
of morphology an organic unity. If my descriptions are found in any case to differ from his,
it will often be explicable from the fact of the great variation to be seen even in the same
species, as his description of the Sternum of the three individuals of Cyclodus nigroluteus testifies.
But the description of the Sternum and of its inferclavicular splint forms only part of the plan
of this Memoir, for I have also to give an account of the Shoulder-girdle, and of the symmetrical
splints (clavicles) that are strapped upon it.

Ezample 1.—Iguana tuberculata, Laurenti.

In giving instances of the structure of the Shoulder of the typical Lacertilia, I need not
follow any very strict zoological system, but may take them as they best come in for illustration.

The common Iguana possesses the most perfect Shoulder-plates, so that it may come first,
and be used as a measnre for the rest, and the large amount of arrested cleavage each plate has
undergone makes it a most instructive example. These plates are, as it were, hacked into large
holes (fenestree), but there is no perfect cleft through the large osseo-cartilaginous plate. Each
moiety of the Shoulder-girdle is ready to become a whole series of phalangoid rays, but there are
here, as in the Reptilia gencrally, only two perfect shaft-bones, and no part of the plate is quite
divided ; we therefore miss the supra-scapular outer plate, and also that of the pfae-coracoid;
these regions are mostly affected by ““endostosis,” and this is arrested so as to leave a selvedge
of clear cartilage. Plate IX, fig. 1, shows a side view of the lower part of the Iguana’s thorax,
of the natural size; and fig. 2 represents the same as seen from below. The supra-scapula (s. sc.)
is obliquely fan-shaped ; it is large, and has a five-fingered endosteal plate within, which keeps quite
clear of the scapula below, does not reach the front margin, but does extend to the arcuate hinder
edge. There is no indication of cleaving in the supra-scapula, save the lobulate manner in which
the bony layers pass upwards into the broad part ; but the rest of the Shoulder-plate is perforated
with large open spaces, or ““fenestree.” * The longer axes of these oval windows are arranged
in a fan-like manner; the upper looking upwards dnd forwards, the two lower downwards and
forwards, whilst the top but one is directed horizontally. The lowest space is the smallest; the
uppermost next; next to that comes the top but one, and the lowest but one is the largest.

The longer axis shows the direction of the splitting of the cartilaginous plate, which
fission stopped short at each end, but spread laterally. These fenestree, from below downwards,
may be called the scapular (figs. 1 and 2, sc. f.), the coraco-scapular (c. s.f.), the wpper coracoid
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(u. ¢. f.), and the lower coracoid (I. c. f.). The scapular shaft-bone (sc., m. sc.) does not
reach the supra-scapular bone-substance above, nor the front margin of its own cartilage; but
it joins the coracoidal shaft by a fine suture which, runs obliquely across the fundus of the glenoid
cup. This well-ossified part of the scapula is an obliquely placed, stout, forked ray; it leans
forwards, and the smaller front bar is almost horizontal : this lesser bar is the * acromion,” or
“ meso-scapula” (m.sc.), and the space between it and the main scapula is the “scapular
fenestra” (sc. f.)!

The anterior part of the supra-scapula, below, is not ossified; it bulges, and then, suddenly
narrowing, becomes the pree-scapular belt (p. sc.). This belt widens in front of the meso-
scapula, and passes continuously into the prae-coracoid (p. er.); it has undergone endostosis in the
hinder part of its lower half, and it forms the anterior boundary of the “ coraco-scapular
feuestra” (c. s. f.); the lower margin of this fenestra is formed by a bar of the coracoid. This
latter bone (cr.) is surrounded in front and below by feebly ossified cartilage, the ossified part of
the cartilage forming a prae-epicoracoid hook of bone (p. cr., e. cr.); the marginal part of the car-
tilage, for a considerable extent, is persistently soft. The coracoid shaft-bone is not a little
remarkable ; it is three-rayed, stout, broad, and has each fork dilated at the end, and impinging
upon the fecbly ossified rim.  Its head articulates with the head of the scapula, and the hinder half
of this transverse suture lies in the glenoid cup. As the two rays of the scapula turn npwards
and forwards, so the three rays of the coracoid turn downwards and forwards; and thus these five
rays spread, fan-like, forwards, separated by the large arrested clefts, and hedged in by the par-
tially ossified cartilage in front and below. If these horizontal clefts had been perfect, the
Shoulder-girdle plate of the Iguana would have formed five snb-parallel rays like the brachial
series of the Osseous Fish; if vertical cleavage had taken place, obscurely indicated, Zistolo-
gically, by the arrest of the diaphysial bars, and by the subdivision of the feeble, internal bone,
then there would have been a double series, as in the limb of the Herring and the Polypterus ;
and this in the fixed root of the limb, and not in the free part. When I come to the Warm-
blooded Classes I shall show how large an amount of segmentation this marginal pree-coraco-
scapular band undergoes; but we shall always find the stronger posterior part of the Shoulder-
plate very much indisposed to segmentation. I call the main bar of the coracoid simply the coracoid
(cr.); the upper bar is the root of the preae-coracoid, the rest of which is but little ossified ; and
then the second spur of the diaphysis runs down the meso-coracoid region (m. er.); this shorter
bar and the main bone are bordered by the epicoracoid (e. cr.). In the head of the bone, in
front of the glenoid excavation, is seen the usual nerve-passage; below, the left epicoracoid is
seen (Plate IX, fig. 2, e. cr.) to underlie the right.

But these large many-windowed plates do not form the whole of the Iguana’s Shoulder;
they are strongly and elegantly undergirt with bones of an entirely opposite nature, which differ
from the endo-skeletal arch as the scaffolding differs from a building. In the Lizards generally,
with their expansible chests, there are but three of these outer, subcutaneous bars ; but we shall find
a much greater number in the box-chested Reptiles (Chelonia), where we may say that the Ganoid
Fish reappears, not much happier with his higher powers, in the phlegmatic Tortoise. Plate IX, figs.
1 and 2, cl,, 1. cl.) show these splint-bones in the Iguana ; the symmetrical pieces are the clavicles,

1 This fissure takes place at the opposite end of the scapula to what we find in the Batrachia,
where it is basal, and runs into the glenoid cavity.
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and the azygous piece the inter-clavicle. The former are strong, gently arcuate rods, loosely at-
tached to the front of the Shoulder-girdle, and reaching from the base of the supra-scapula to the
part where the pra-coracoid bends backwards to become the epicoracoid. They meet (see fig. 2, cl.)
in front of and a little above the inter-clavicle (i. cl.), to the transverse bars of which they are
strongly fastened. Tig. 2 shows that they lie in a plane ow/side the Shoulder-girdle; and this
position is more clearly seen as it regards the azygons bone (i.cl.). This bone, the inter-
clavicle, is a miniature’ dagger,—a bony “ dagger of lath;” for it is a very fibrous bone, although
strong enough withal. Above and below (figs. 2 and 8, i. cl.), it has an ornamental knob in front,
and from these knobs proceed a pair of gently curved bars, which look backwards, anchor-like.
The main, or longitudinal bar, reaches to twice the extent of the sub-transverse bars; it is narrow
at first, but its posterior half is like a surgeon’s lancet; in outline; it is concave above and
convex below. More than a third of this bar underlies the Sternum (see fig. 2).

Most authors have seen the counterparts of ‘the human clavicles in the symmetrical splints,
but the azygous piece has been misunderstood entirely ; these clavicles, however, are pure, and
not mixed up at their extremities with any endo-skeletal part, as in Man and many other Warm-
blooded Vertebrates. The azygous piece, my “inter-clavicle,” is the “episternum” of most
authors; but it has nothing in common with the so-called “episternum” of the Frog—my
‘“ omosternum ;”’ nor with the cervical, projecting portion of the Mammalian manubrium. In
relation to the thorax generally, these bars or plates may be called the * pra-thoracic™ and
*“ ento-thoracic” derm-plates ; the latter shows its nature well in the five-rayed form, which will
remind the least observant anatomist of the plastron-plates of the Tortoise. This is the true
homology of these three splints; they do correspond to the three anterior plastron-bones of the
Chelonian.

The Sternum of the Iguana (Plate IX, figs. 1—3, st.), in the main part, is lozenge-shaped ; it
1s slightly concave above (fig. 3) and convex below (figs. 1 and 2); it is rather wanting in bilateral
symmetry. '

The antero-lateral margins are grooved for the coracoids ; the groove is rather deep (sce fig. 6,
which shows this part of the Sternum in section, with its two endosteal layers of bone,
magnified twelve diameters), and the lower lip of this groove (fig. 3, L. c. 1) is jagged anteriorly.

The postero-lateral margins have elevated synovial facets for four pairs of sternal ribs ; and a
line drawn across in front of the second pair would separate the manubrium from the meso-
sternum : there is no sign of separation into segments, save the concavities between the synovial
facets. At the junction of the pre-sternal and meso-sternal regions, there is along the mid-line
an oval “fontanelle,” or “primordial fenestra:” the blade of the inter-clavicle does not nearly
reach this open space. The ossification of the main Sternal-plate has taken place by symmetrical
endosteal deposits, but these have united at the mid-line to a considerable degree; the lower
layer to much the greatest extent (see fig. 2), the upper by an isthmus behind the fontanelle (fig. 3).
Besides the unossified cartilage at the mid-line, all the margin continues soft, even in old age.
Fig. 4 shows a section magnified twelve diameters, made transversely near the end of the Sternum;
it cuts throngh the upper isthmus, but finds a gap in the lower layer of bone. Bctween the
fourth pair of ribs there are two much thicker bars, which are not segmented off from the
Sternum, but only suffer constriction where they join it; these are the xiphisternal horns. These
“horns ” bifurcate at about the distance of nine lines from the Sternum, and these forks are seen
to be the fifth and sixth sternal ribs. This connafion is a matter of arrested development, which,
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if perfect, would have made two more meso-sternal regions with the two pairs of ribs articulated
to these parts as their own proper key-bones: instances yet to be given will explain this. Iig. 5
shows one of these bars in section, magnified twelve diameters, with its perichondrium, hyaline
cartilage, and endosteal ring, enclosing, here and there, islets of cartilage. Before the sternal
ribs reach the fully ossified vertebral ribs, a great constriction is observed; this arises from
the partial segmentation of what I propose to call the “intermediate rib:” it is better seen in
some other types to be hereafter described.

The first thoracic rib belongs to the seventh vertebra ; the last cervical rib is free, and is ten
lines long ; the penultimate is six lines in length, but the other four cervical vertebrae have no
distinct ribs.!

Fzample 2.—Laemanctus longipes, Wiegmann.

This very beautiful Mexican Lizard has a simpler Shoulder-girdle than the Iguana ; this will
be seen by comparing the figures in Plate IX : those of Zemanctus (figs. 7—9) are magnified three
diameters, so as to appear equal to their counterparts in the Iguana.

The supra-scapula (fig. 7, s. sc.) is more symmetrically fan-shaped than in the Iguana, and it
has at least seven lobes to its endosteal layer: this gives it the appcarance of a Cock’s comb.
The high scapula (sc.) is almost entirely covered by ectosteal bone; there is, however, a small
epiphysis on the front of the meso-scapula: this is hidden, in the figure, by the clavicle (cl.).
There is a shallow scapular notch (sc. n.) dividing the main part from the meso-scapula (m. sc.);
but this was much deeper originally, before the growth of the periosteal layers of bone, indicated
in the figure by a shaded groove. The coraco-scapular fenestra of the Iguana is here represented
by a notch (c. s.n.); this is large and deep, and depends upon the complete fission of the plate
anteriorly, as in the upper notch. 'The coracoid (cr.) is a broad ray, convex on the outside, and
very much scooped within, where the meso-coracoid margin is seen to be much thickened, but to
be ot otherwise differentiated. A suture can be seen in front of the glenoid cup (gl.), and below
it a nerve-passage, which is double on the right side (fig. 8) : in front of this canal is the large
elliptical, down-turned coracoid fenestra, the space so familiar to us in the Batrachia. The lesser
fork of the coracoid ossifies more than half of the pre-coracoid bar (p. cr.), which has no
differentiation from the cpicoracoid (e. cr.) save the acute angle at which it becomes con-
tinuous with that semj-osseous headland of the coracoid : the right and left flaps overlap each other
to some extent. ;

The antcro-lateral margins of the Sternum (st.) are only three fifths the length of the
postero-lateral, and not equal, as in the Ignana; the former are thickened considerably both below
(fig. 8) and above (fig. 9); this latter figure shows that the lower lips (l.c. 1) project further
forwards than the upper (u. c. 1.), which unite at a rather obtuse angle, and have within that
angle two swollen hillocks of cartilage, which abruptly bound the great sternal fontanelle ante-
riorly. This thickening, and the gap behind it, will often turn up again in the Bird-class; here
the primordial cleft is seen to be occupied by the hinder part of the «inter-clavicle” (i. cl.), which

! In Plate 1X, fig. 1, the Shoulder-plate is shown leaning forwards from the first rib, farther than
what is found in nature; this has been done for the sake of displaying the parts; the great plate itself

stands too erect in the figure, but it was necessary to give the actual and relative size of the bars
and fenestrze,
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thickens from below upwards to stop this gap in the Sternnm. The four anterior cervical
vertebre of Leinranctus have no frec ribs; the next two have each a pair of ﬂoating ribs, tipped
with cartilage, and three or four lines in length. The seventh and eighth have ribs equal to those
of the dorsal region, namely, seven lines long, and well ossified, with a small triangular epiphysis
at the end ; and these turn towards cach other, below (fig. 7, ¢. 7, c. 8): the ninth vertebra is the
first dorsal. Four pairs of dorsal ribs have semi-osg=ous sternal portions which articulate by
perfect (synovial) joints with the long sides of the Sternum.! The narrow posterior end of the
Sternum is entirely occupied with the large xiphisternal horns (x. st.), the broad single portion
of which is three lines in extent; the forks into which these break are the fifth and sixth
sternal ribs (fig. 7) : these have mo “costa intermedia” constricted from them, nor have the
preceding four. The sternal horns are continuous with the meso-sternnm, but there has been an
attempt at segmentation in the form of a lateral vertical groove (fig. 7, st. x. st.), and there is a
clear space of unossified cartilage between the endosteal deposits. In the pre-meso-sternum
clear cartilage is seen marginally, round the fontanelle above, and also near the “horns™
(fig. 9) below ; the lower internal bony plate is quite divided into two cqual halves (fig. 8).
"The sternal ribs, like the xiphisternal horns, are composed of a tube of soft cartilage, having in it
a tube of bone; and lastly, an axial pith of soft cartilage; this, however, is common fo the
Lacertilia. The clavicles (cl.) of Lemanctus are elegant f-shaped bars, narrow and pointed where
they join the base of the supra-scapula, and expanded below: in the expanded part there is an
open membranous space (figs. 7 and 8). The “inter-clavicle” (i. cl.) is a long, very elegant,
cross-shaped bone, the transverse bars of which are three lines in extent, and the longitudinal
part nine lines long.  The lower surface of the bone projects, anteriorly, as a crescentic ridge bound-
ing the groove in which the.clavicles lie, but do not quite meet (fig. 8) ; above (fig. 9), there is a
rounded ridge, with a bluntend : the transverse bars are also knobbed at their ends, and they turn
a little backwards. Behind these bars the main part is constricted; it then widens gradually to
the middle, and as gradually becomes attenuated to a blunt point (fig. 8). It is flat above (fig. 9),
convex below (fig.8), and becomes thickened, vertically, where it shuts up the sternal fontanelle (fig. 9,
i.cl). This is the longest “inter-clavicle” T have to describe, for it reaches to between the
second pair of ribs : in Monitor dracena it is very long, but only reaches to between the first pair.
We shall see the inter-clavicle wedging itself between the sternal moieties again in the Gralle
amongst the Birds (e. g. Grus montignesia, Plate X1V, figs. 6 and 7). In ascending from Class
to Class we are never safe from the repetition of some morphological Zadif, which, being the rule
in the lower types, characterises them, but recurs exceptionally higher up. This afinify of the pos-
terior part of the inter-clavicle for the divisional line of the Sternum may be said to be a Reptilian
character ; but whenever this part is sufficiently developed in Birds we then find that it rccurs.

Ezample 3— Cyclodus nigroluteus, Quoy and Gaimard.

The mailed Cyclodonts yield examples of Shoulder-girdle and Sternum no less instructive
than those of the Iguanians ; and they especially serve to show what becomes of the pair of forked
xiphisternals in the next metamorphic stage to that last described. Plate X, figs. 1 and 2, show

! Tig. 8 does not show the left side of the Sternum so skor{ as it ought to have done; Fig. 9

shows it better.
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these parts in Cyclodus nigrolutens, magnified one and a half diameter. The large fan-shaped
supra-scapula (fig. 1, sc.) is everywhere affected by endostosis; and there is no distinction between
the bony core of the scapula and the supra-scapular bone-substance ; this ossification also runs
continuously down the marginal bar (p. sc.); and the lower cartilage (p. cr.) is similarly ossified ;
so that the prae-scapula, pree-coracoid, and epicoracoid, together form one half-bony band of con- -
siderable breadth, especially below (see figs. 1 and 2, p. sc., p.cr., e.cr.). The heads of the scapula
(sc.) and coracoid (cr.) unite by suture, and at some distance below this suture is seen the nerve-
passage. As in the Tguana, the scapula is bifurcate above, the space between the forks being the
“scapular fenestra’ (sc. f.); this is less than in the Iguana, and the forks are more nearly equal : the
lower fork, which runs upwards and forwards, is the meso-scapula or “ acromion” (m. s¢). Below
the meso-scapula is the coraco-scapular zofefi—not fenestra ; and this is bounded below by the root
of the pree-coracoid (p. cr.) : the coracoid itself (cr.) is only bifurcate, and has a long fenestra (cr. f.) :
the epicoracoids (e. cr.) are very large, and overlap each other (fig. 2, e. cr.) ; they nearly rival those
of the Urodelous Amphibia. The splint-bones (cl., 1. cl.) are relatively very large ; they are much
more splintery and lath-like than is usual in the Lacertilia, and the clavicles (cl.) are peculiarly
ichthyic. The cross-shaped inter-clavicle (fig. 2, i. cl.) must be compared with the plastron-
bones of the Chelonians (Plate XII); it is four-rayed, and the transverse rays are slightly
deflected, and are nearly equal to the fore-and-aft portions of the main or longitudinal part.
This latter part, both before and behind, is lancet-shaped, but the points are blunt: the great
transverse extension of the inter-clavicle is a correlate of the expansion of the epicoracoids.

The Sternum (st.) in its main part is lozenge-shaped ; the four oblique sides being nearly
equal ; it is very flat, rather thin, and is continuous behind with the smaller picce: a constriction,
however, shows that transverse segmentation did commence, but was arrested. A primordial
notch (hidden in fig. 2 by the inter-clavicle) separates the deeply grooved coraco-sternal regions
(see this groove in fig. 1, st.). The left moiety is larger than the right (fig. 2), and these regions
are much thicker than the rest of the Sternum. Three pairs of ribs articulate by perfect joints
with the postero-lateral margins, so that in the main piece we have the manubrium and the next
two sternal pieces in a connate condition ; but the interspaces between the articular eminences are
well notched, showing a readiness for transverse cleavage of the continuons sternal mass. The
first pair of perfect ribs belong to the ninth vertebra; the seventh and eighth cervicals have ribs
equal in size to the vertebral part of the first dorsal ; three vertebrae in front of these have small
free ribs, but the three foremost cervicals have no free ribs. The bifurcate xiphisternals, such
as we saw in the Iguana, have in this case undergone a further metamorphosis, and they are
now ziplisternal no longer, but mesosternal. Being primarily in close apposition at the mid-
line—save at their middle, the inncr edges of these “horns” have coalesced, all except a fourth
part, which part lies nearly between the fourth pair of thoracic ribs ; this unclosed space is seen as
a tear-shaped « fontanelle” (fig. 2, st. f). The fourth and fifth sternal ribs, with which this
part of the Sternum was continuous, have become nearly segmented off by transverse cleavage
(fig. 2) ; but there is a continuous pith of cartilage not severed in this growth-process, as also
there is between the two divisions of the Sternum. The fourth sternal rib (s. r. 4) is much

urther from the mid-line than the fifth, for the additional sternal piece is widest where this rib runs
into 1t ; and it is also twice as far from the third rib as that is from the second: the fourth and
fifth are at the normal distance. 'This unusual space between the third and fourth ribs, and the
incompleteness of the segmentation between the ncw key-stone and the pier of the fourth and
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fifth costal arches, are very delicate measurements of the degree of metamorphosis of these parts:
all these parts, namely, Sternum and sternal ribs, are ossified endosteally, and the Sternum itself
by symmetrical halvés (see fig. 2). Plate X, fig. 6, shows a section through the lower part of the
coracoid magnified ten diameters; the double layer of endosteal bone (en. 0.) in the epicoracoid
(e. cr.) is well shown.

Lvample 4.— Trachydosaurus rugosus, Gray.

This great Australian Lizard is perhaps still more instructive than its relative just described.
In this spécies the supra-scapula (Plate X, fig. 3, s. sc.) is smaller in proportion to the scapular
shaft (sc.) than in the last; and this latter boue is but little cleft above: the cleft, however, is
evident, and shows what a fenestra is at its first appearance. The broad, badly defined meso-
scapula (acromion) is bordered by a narrow band of soft cartilage (fig. 3, p. sc.), so that there is
here less continnity of the internal bone than in Cyclodus ; also the crest of the supra-scapula is
soft (fig. 3). The coraco-scapular notch (fig. 8) is smaller, and therefore we have here a very wide '
neck to the scapula, and the oblique suture connecting it with the coracoid is very long. This
latter bone (cr.) 1s very broad, and is only bifurcate, so that in this case also there is only one cora-
coid fenestra ; this a long ellipse (see fig. 5, c. f.). The epicoracoids (fig. 5, e. cr.) are nearly as
large, relatively, as those of a Salamander ; and, as in that creature, there seems to be some varia-
tion in the overlapping of these flaps, for—as fig. 5 shows—the left over/ies the right; contrary
to what I have shown in the Iguana (Plate IX, fig. 2).

~ The homologies of the Shoulder-splints in Zrackydosanrus appear to me to be self-evident ;

for this creature has positively retained the very self-same kind of clavicles as those possessed
by the ordinary Osseous Fish. Were the supra-scapula absent, as in the Teleostei, and the rest
of the Shoulder-girdle moiety relatively somewhat smaller, then snrely even a transcendentalist
would acknowledge the unity of the clavicles here figured (Plate X, figs. 3—5, cl.), and those
of an ordinary Bony Tish. In fig. 8 it is shown that the clavicle passes above the scapula, and
that it broadens out below into a large convexo-concave plate, which is applied, like a paste-
board splint, to the front and outside of the Shoulder-plate. Fig. 5 shows that these clavicles
have their thick front edges turned over the front of the pree-coracoid, and that the endo-
skeletal parts lie folded in and embraced by these scooped exo-skeletal bones, exactly as in -
the Fish.

Tig. 4, displaying these bones from below, shows -the not infrequent membranous space
(see Plate IX, fig. 8, cl.,, and Plate XIII, figs. 1 and 2, cl.), and also the wild, jagged, Fish-like
hinder margin of the bone. If, however, this bone is illustrated by what is seen in the lower
Class, it also typifies still higher forms, and foreshadows what is seen in the embryo of the Bird.
The relation of the clavicles to the inter-clavicle (fig. 4, cl., 1. ¢l.) is perfectly Reptilian, and they
are seen to correspond completely to the three foremost bones of the Chelonian plastron (see
Plate XII). The inter-clavicle (fig. 4, i. cl.) has its four rays more nearly equal thanin Cyclodus ;
the lateral rays, a little the smallest, are both decurved and turned upwards, and all the rays are
less spatulate than in the last example : the hindermost underlies the pra-sternal notch (see figs.
4 and b).

The antero-lateral margins of the Sternum (fig. 4) are longer, by far, than the postero-
lateral ; this arises, from the large room reqnired by the huge epicoracoids ; the left Jower coracoid
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lip is longer than the right (fig. 4); the right upper lip is longer than the left (fig. 5). In
Trackydosaurus rugosus the first two cervical vertebrae are devoid of free ribs; from the third
to the eighth (inclusive) there are floating ribs; fig. 3 shows the lower part of the last and
pennltimate cervicals; and it is seen that they are (as in Lemanctus and Cyclodus) as long as
the vertebral part of the dorsal ribs. There are, as in Cyclodus, three pairs of sternal ribs arti-
culated by perfect synovial joints with the vertebral ribs above, and with the large anterior
moiety of the Sternum below, so that this part is a *prae-mesosternum;” and not a mere
“manubrium :” two more meso-sternal regions have been added by taking in the lower part
of the xiphisternal horns (figs. 3 and 4). We here have an additional help towards a proper
conception of the nature of these parts, for the metamorphosis Las not gone to the same extent
as in the last instance, and the two moieties of the new meso-sternal piece are merely united
by an isthmus at each end. Morcover, the transverse semi-segmentation is at a further distance
from the mid-line, so that the structure is altogether looser and less finished than in Cyclodus.
Nevertheless, the two diverging horns, behind, articulating with the fifth thoracic ribs, are really
meso-sternal now ; the notch betwcen them is a primordial, posterior meso-sternal notch; and
there is no xiphisternal left by this morphological process. The ossification of the Sternum of
Trackydosaurus is by “endostosis ;” and this is symmetrical, as in all the Lacertians. The limb-
girdles themselves are only half as large in proportion to the body as in the Iguana; for these
Scincoid Cyclodonts graduate, through intermediate species, to the ‘ Atypical Squamate
Saurians,” namely, the Blind-worm, Glass-snake, &c. There is no semi-segmentation of the
costal arches, so as to produce “coste intermedie.”

Ezample 5. —Psammosaurus scincus, Merrem.

Plate X, figs. 7 and 8, show the Shoulder-girdle and Sternnm of the Land-monitor of
Egypt, the Ouaran-cl-hard of the Arabs: the figures are one-eighth larger than the real objects.
I shall now describe these structures in two members of the Varanian group, for they stand in
sharp contrast to those last under review, and yet I shall be able to show that there is no essential
difference in their morphology. The Monitors appear to me to be the noblest of the Lacertilia,
and assuredly the Cyclodonts are a long way down in the group: the former may be taken as
the type of their great Order; for the Crocodiles, although nearer the Mammalia, are evidently
aberrant, and must be kept apart from the Lacertilia; the Chamzleons also are very aberrant
from the other Lizards. The Varanians have some characters in their skull which foreshadow
what is normal in the Bird-class, and this is in harmony with what is remarkable in the supra-
scapula of Psammosaurns (Plate X, fig. 7, s. sc.), namely, its obliquity, so greatly in contrast with
the regular, fan-like form seen in the Cyclodonts. It keeps its Lacertian character, however, in being
ossified only partially, and by its own endosteal layers: it is strongly constricted at its neck,
“showing that it is really a ray superimposed upon the scapula, and not a mere process or crest of
that bone. ~ Amongst the proper Lacertians Psammosaurus is peculiar in having its scapula
(sc.) entirely invested by the ectosteal layer ; in this it agrees with all the Amphibia; with the
two-legged Amphisbanian Chirofes ;. with the Chamealeons and Crocodiles ; and with the Warm-
blooded Classes generally. If we compare this scapula with that of the Iguana and the Cyclodonts,
it is evident that the meso-scapula is connate with the scapula proper; if we look at the next
instance (Plate X, fig. 9), it will be scen that the scapula shown in fig. 7 is altogether devoid of
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the pree-scapular band. It is a broad ray, somewhat curved inwards above, and receiving the
supra-scapula at a right angle (fig. 8); its posterior border is thick, and its anterior border
sharp, like a knife ; its suture with the coracoid is curiously bent upwards in front of the glenoid
cavity. i

The coracoid of Psammosaunrus (figs. 7 and 8, cr.) 2 of very great extent; and from the
obliguity of the suture runs up in front of the scapula; contrary to what occurs in the latter bone,
it has all the Lacertian fenestrate clefts. The upper fork of the three into which the shaft-bone
is divided rnns along one third of the pre-coracoid band (p. cr.); the middle fork, or meso-
coracoid (m. cr.), is much larger, whilst the main coracoid (cr.) is a broad axe-shaped plate, having
a thick semi-osseous edge. This endosteal cartilage is very broad where it forms the boundary of
the lower and npper coracoid fenestre (1. c. f., u.c. f.) and the broad end of the meso-coracoid:
it narrows as it turns suddenly round to become the pra-coracoid band (Plate X, figs. 7 and 8,
e.cr., p.cr.).

The large ickthyic Shoulder-sphints of the Cyclodonts are in strong contrast with the delicate
rods seen in the Varanians; figs. 7 and 8, cl., show the rather sudden bend that the clavicle
takes backwards, and that its pointed upper end only reaches to the top of the scapular shaft ; and
fig. 8 shows that it does not meet its fellow below : altogether, the splint system has lost much
of its relative potency ; whilst the endo-skeletal parts are very large. All the splints are very dense
and polished, and the two clavicles and the lateral arms of the inter-clavicle (i. cl.) are almost
cylindrical ; but the longitudinal bar of the latter broadens where it underlies the Sternum,
gradually becoming attenuated again towards its blunt point (fig. 8). The anterior ray of the
inter-clavicle, instead of equalling the others, as in Zrachydosaurus, is a mere bud ; and this cha-
racter, combined with the retral bend of the lateral arms, gives the slender but strong inter-
clavicle of this Varanian the form of an anchor. The long, lance-shaped, longitudinal bar of the
inter-clavicle does not recach the same transverse line as the articulation of the first thoracic
ribs.

The Sternum (figs. 7 and 8, st.) of Psammosaurus, is an elegant, but scarcely symmetrical
rhomb or lozenge; its coraco-sternal reglons are longer than its costal margins; and the right
coracoid groove and lower lip proceed further backwards than the left; the outline of these lips
is sinuous. There is no primordial fissure or “fontanelle,” but the internal osseous deposits are
distinct and symmetrical (fig. 8), a definite line of unchanged cartilage running along the middle.
The interspaces of the ribs are elegantly lunate, and only three pairs join the Sternum, as in
certain Birds, for instance, Tinamus robustus and Tigrisoma leucolophum. The first pair. belongs
to the tenth vertebra, which leaves in front nine or one more cervical vertebra than are found in the
Cyclodonts : this is another ornithic character in this Varanian. The third pair of thoracic ribs,
however, are connected, not with the broad part of the Sternum, but with an unossified pedicle at
its end : there is some constriction where the osseous matter of the Sternum ends, and also where the
bony matter of the cartilaginous rods, which run into these ribs, ceases. What these rods (x. st.)
are it is difficult, at first, to say; for they answer, below, to the horns into which two pairs of
ribs run in the Iguana, and are to a certain extent homologous with the free * xiphisternals”
of the Stellio Lizard. If longitudinal fission had taken place in these evidently generalised rods,
then we should have had the counterpart of what is seen in Stellio ; if transverse segmentation
had occurred at a moderate distance from their terniination in the Sternum, then there would
have been a third “meso-sternal” piece added to the large pl