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TAXONOMIC LIST AND INDEX OF THE SPECIES AND GEXERA OF WHICH THE
MUSCLES HAVE BEEN STUDIED.
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Brachaelurus modesta Gunther—Brachaelurns

waddi (Bloch and Schneider).

Carcharinus sp.

Chiloscyllium punctatuDi MulJer and Henle.
Mustelus sp.=Emissola antarctica (Gunther).
Orectolobius maculatufi (Bonnaterre).
Pristiophorus cirratus (Latham).

^Sphip-na blochii Cnviev=Sphyrna levnni (Griffith).

Hefe)-odont/(6- portusjackvoni (Meyer).

Dasyatis brevica/idaiu.s ilutton=Bathytosfiia
brevicaudata (Htitton).

Hypnarce subniger T>\xmev\\=Hypnarce wono-
pterygium (Shaw and Nodder).

{ Raja australis Macleay.
Taeniura lymma—Taenh^ra lywiiia halgani

(Lesson).

I^rolophus testaceus (Muller and Henle).

Chondrostei. ( Acipenser sp
Pp. 52-5G.
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-l Polyodon 8p.

X^Psephurns gladui>< Martens.

f CaUorhtjnchu.'t a)Harcticu-'<=Callorynchvs n/ilii

I
Bory.

•{
( 'hiniaera oqilbyi Waite—Psychickthys ogilbyi

L (Waite).

Teleo8tei.

^Pp. 43-104.

Cros8opterygii. Polypterus sp.

f Lepisosteus 08seu,s (Linne).

Actinopterj-gii. -< Lepisosteus platystotims Rafinesque.
[^Arwia calva Linne.

Anguilla reinhardtii Steindachner.
Balistapus aculeatus Linne.
Cantherines ayraudi Quoy and Gaimard=

Nelusetta vittata (Richardson),
Cnidoglanis megastomus Richardson.
Drepane (Drepanichthys) pv}2Ctat2fs Linne.
Epibulus hisidiator Pallas.

Fistularia petimba Lacepede.
Acantiiopterygii-^ Oirella cuspidator should be Girella tricuspidator

Quoy and Gaimard.
Gonorhynclms greyi Richardson.
Hemirhamphus intertn edius = Reporhamp h iis

australis (Steindachner).
Mugil ceph-alus J^\rYae~Miigil dobida Gunther.
Platycephalus fuseus Cuvier and Vaiencieunes=:

Planipora fusca Cuvier and Valenciennes.
Tandanifs tandanus Mitchell.

^ZancUstius elevatus Ramsay and Ogilby.
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TAXONOMtC LfST AND INDEX OF THE SPECIES AND GENERA OF WHICH THE
MUSCLES HAVE BEEN STVDI^Tf,—Continued.

f Neoamphibia. /
I \

Amphibia. ^
Pp 133-187

Reptilia.

Pp. 238-269.

Euamphibia. <

Dipneusti.
Pp. 133 144.

Coecilia.

Pp. 187-191.

Urodela.
Pp. 155-180.

Anura.
Pp. 143-154.

180-187.

f Ncoceratod'us.

\ Leipdosiren.

f Herpele.

\ Ichthjfophiti.

f Aniblijstoma (Axolotl) tigrinum Green,

I

JJieniyctylus sp.

I
Molge [Notophthatamu.^) sp.

i Necturus macvlatus Gray.

I
Plethodon sp.

[^Spelerpes sp.

Hyla aurea Lesson.
Hyla caerulea Gunther.
Lymnodinastes peronii Bibron.

-{ Lymnodinastes tasmaniensis Gunther.
Myxophyes fasciolatus Gunther.
Rana pipens Shreber.

Amphibolurus nmricatus Shaw. P. 246.
Anolis carolinensis Dunieril and Bibron.

Pp. 246-7.
Anolis cristatellus Dumeril and Bibron.
Basiliscus sp. Pp. 247-8.
Chameleon sp. Pp. 248-250.
Gymnodactylus sp. Pp. 250-251.
Lygosoma sp. P. 251.
Physignathus lesueiirii Gray. Pp. 235-246.
Thecodactylus sp. Pp. 250-251.
Tiliqua scincoides Shaw. Pp. 251-2.
Varanus sp. Pp. 252-3.

Rhyncocephalia. Splienodon.
Pp. 253-255.

Crocodilia. f Alligator sp.
Pp. 255-260. \CroeodMns.

Chelonia. f Ohelodina longicollis Shaw.
Pp. 260-264. \Emydura rnacquarii Shaw.

{Notechis scutatus Peters.
Python variegatus Gray.
Pseudechis porphyriacus Shaw.

Lacertilia.

Pp. 238-253.
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THE EVOLUTION OF THE SKULL AND THE CEPHALIC
MUSCLES: A COMPARATIVE STUDY OF THEIR
DEVELOPMENT AND ADULT MORPHOLOGY*

By H. Leighton Kesteven, d.Sc, m.d.

PART I. THE FISHES.
Preface.

The Muacles of the Elasniobranchs : Introduction; 1. Sclachii ; 2. Heterodontus \ 3. Bafcoidei ; 4. Ecview
;

5. Chondroatei ; 6. Holocephali.

The Muscles of the Bony Fishes : I . The Muscles of the Branchial Segments ; 2. The Constrictor Muaclea of the

Hyoid and Mandibular Segments ; 3. The Hyoid Muscles other than the Constrictors ; 4. The Muscles of the

Mandibular Segment other than the Constrictors ; 5. The Innervation of the Eye Muscles.

The Skull in the Elaymobranchs.

The Skull in the Bony Fishes : Appendix A. The Lower Jaw in Bony Fishes ; Appendix B. The Teeth of Flahea.

The Homologies of certain of the Bones in the Skull of the Bony Fishes.

The Phylogcny of the Fishes.

Preface.

This work is the result of half a lifetime devoted to the study of the small portion

of comparative anatomy and embryology it deals with. For the most part it records actual

personal observation. The deductions relative to homologies and the evolution of the vertebrata

which the work contains are those which, from ray own observations, appear to me to be the

most acceptable. These conclusions are in several important instances at variance with those

commonly accepted.

Nowhere are the conclusions in the fields of speculative morphology, homologies and
evolution, presented as proven. In no single instance have I felt entitled to write Q.E.D. at the

end of any section.

An attempt has been made to describe the cephalic musculatui'e of a representative range

of each group of the vertebrates. Only such references to the nervous structures have been
made as appeared necessary to a proper understanding of the musculature. It is regretted that

it has not been possible to include references to the main arterial and venous trunks in their

relation to the muscles. It was very early fomid that it was impossible to dissect, with any
degree of success, the blood-vascular system in specimens which had not been injected. Following

on this discovery, it was found impossible to obtain specimens already injected, or siafficiently

fresh to inject, in sufficient number to make the study even approximately complete. Whilst
one must admit that a knowledge of the relation of the muscles to the main blood vessels is

desirable, it is believ^ed, looking back over the work done and the observations made, that the

conclusions relative to the homologies and phylogenies of the muscles are based on sufScient

evidence to justify them, and that a knowledge of the relation to the pertinent blood vessels

would, in all probabihty, add further evidence in support of these conclusions.

Very naturally the embryological work has been largely confined to the later stages of
development, during which the muscles are assuming their adult forms. My observations are
largely based on actual dissections or serial sections.

In the sections dealing with the cranial structures, descriptions and illustrations of repre-

sentative forms are given and then the serial homologies of certain of the bones are discussed.

It may be accepted that throughout the work all those bones which have been named ahke and
not been discussed are believed to be homologous, wherever found. These are, of course, those
bones about whose homology there is at present complete agreement. Discussions only centre
around certain of those about whose homology there is a diversity of opinion.

• The complete Memoir, of which this ia the Brst part, contains the following sections : I. The Fishes
; II. The

Amphibia ; III. The Sauria ; IV. The Theria.
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,

The work was begun, in almost complete ignorance of myology and without any preconcep-

tions, either definite or indefinite, as to what I was going to learn. I had been interested in

the cephalic inu-scles of Caflorhynchiis antarctictts (Kesteven, 1933) and was rather dissatisfied

with my description thereof. Although a f(nv bony fishes had been dissected in an attempt to

understand the musculature of tliat fish, it was felt that the attempt had been a failure. This

caused me to dissect a number of Selachians, and in the course of this woric I conceived the

idea that since the mandibular and hyoid arches were probably modified branchial arches, their

musculature must be modified branchial inuscrulature. At this stage the work took its first

form : the objective was to test this theory.

In this part of the work it was believe<l that success in the interpretation of the muscles

could be expected only if due weight were given to the probable mechanical factors operative

during the change in form and function of the arches. These mechanical factors were deemed

to have been, in all probability, more potent than mere spatial relations. The most important

result of this investigation, in its bearing ou the outlook over the subsequent fields of investigation,

was the conclusion that the muscles of the mandibular and hyoid segments could only be

interpreted in terms of the branchial on the assumption that not all the brjm<?hial muscles had

been retained, some had beeu aborted.^

The reasons for this conclusion will be found ui tlio text, but, apart from the circumstantial

evidence specifically applicable to each case, there is collateral evidence of a quite general kind

in support. The wide variation observable in the muscles of the vertebrates justifies the belief

that " musclos wherever they are foiuid, may be regarded as contractile tissue fashioned to

fit the mechanical needs and spatial relations of the structm-es they are called upon to move.

Therefore evexy muscle must be regarded as a particular exemplar of this generality ; in point

of general significance none is luiique. Therefore the mere existence of those instances of

adaptation to peculiarities which arc to be found in small gioups and single species only, illustrates

the fat^t that muscles are only developed in association with a mechanical need, and this implies

and accepts the converse as equally true—muscles are not developed in the ab.'Sence of the

mechanical need. One outstamling and laichallengeable illustration of the concept alone will

be quoted. The branchial constrictors of the Selachii have completely gone from the higher

Vortebrata with the loss of the interbranchial septa.

The importaiice of this concept is that it has constantly determined the mental approach

to the problems ai'ising throughout the whole of the work .subsequent to that on the Selachii.

The Selachii wore regarded as the most primitive vertebrates, and it was anticipated that all

the muscles of the higher vertebrates would prove to have been derivml from some of those of

these primitive fishes, but it was not anticipated that all the muscles of the fishes would prove

to have been retained throughout the spries.

LightoUer has claimed, for the adoption of a belief that " all the groups of muscles foimd in

the Selachian hyoid and mandibular regitwis are represented in each of the higher ordoi-s of

Vertebrates that " it corrals imaginative theory, and is less open to objection than the inconse-

quent dropping of an inconvenient muscle sheet (Lightoller, 19H9, p. 3{)0.)

Dr. LightoUer and the writer have worked alongside of one another almost, and have discussed

the work as it progressed. Tliis is one of the questions on which we have agreed to differ.

My colleague's position seems imtcnable for the following reasons. It is demonstrable that

single muscles and whole sheets are aborted. Quite apart from the phylogenetic example quoted

above, the absorption of single muscles and groups of muscles may actually be observed during

the metamorphosis of the amphibians. If it is demonstrable that muscle sheets, groups and/or

individuals have been aborted in certain segments, then it seems that one is not justified in

denying the possibility of abortion in all segments.

Undoubtedly my decision of the last paragraph has been influenced by the personal factor,

and that factor appears even more strongly in the following. Lightoller dismisses the branchial

interarcual and adductor muscles with the remarks (p. 355) " These, orabryologically (Edgeworth),

* I ploatl guilty to a belief which apiieara to be olii fashioned and to be becoming discretUtcd. I iini unable to believe

that the jzrowinu orRunism does not responri tn its eTuironracnt by adaptation tliereto, nor can I tJiink tliat this response

is witliovit ('fleet iipnii tlie Kerin ecUs. 1 know of no evidence, experimental or otherwise, whk'li sliould destroy a
belief that the germ oell will react to cliany;eH in its environment. The environment of the germ cell is the body fluid

in which it grows. The content of this fluid will snrely vary witli tlic size and degree of activity of every part of the

body. Here is not the place to elaborate this belief further, i>ut this sliort sUitement of the thought processes behind

the attitude adopted in tlic aliove paragmpU seemed called for.
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are (loi ivod from the constrictor sheet, aiid iire no longei- recuguisifcble in the hyoid arch. It is

thought that thoir fa te must be that of tho paront constrictor, so no special description of them

has been given." It is quite impossible to keep the personal factor out of inquiries of this kincL

In the absence of mathematical methods of testing the accuracy of one's eonchisiona there is loft

only the expression of one's opinion, and to deny the existence of tlio personal factor, even tacitly

by ignoring its presence, would be to adopt a quite unjustifiable dogmatic attitude. In this

case it appears that Lightoller 1ms, at the outset, departeil from his iJitention to find representatives

of all the groups by discarding a (juite important group before he begins. To the writer tho

branchial adductors stand as the first stage in the evolution of tho muscles of mastication.

Finally, it appears to the writer unwise to "postulate conditions" into which tho factH

are to l^e fitted. That this was done by Lightoller seems evident from his statement relative to

his third clause, quoted above, tliat it had made his " task more diffinnlt and, at times, its wisdom

seems questionable '\

The writer's view may be stated as follows : The myotome alone is unquestionably persistent,

and only those derivatives of it which investigation seems to demonstrate so may be regarded

as having persisted througliout the groups and orders of the voi-tebrata.

The weight given to the influence of mechanical factors in the evolution of the muscles has

been such that always it has been assumed that these factors liave persisted with the muscle,

or that there has been a gradiml change in them which has permitted or brought about the changed

relations of the persistent muBcles.

During these ten years of study of comparative myology of the head and neck, the ease

with which it has been possible to recognize so many of the muscles of the last class in the next

which fell for study has been recuirently surprising. Infmitely more difRcidty in recognizing

homologous muscles was anticipated, and the rarity of difficult and insohible puzzles was very

unexpected

-

It is realized that this absence of difficulty may have been more apparent than real, that

puzzles have uot presented difficulties because wrong .solutions have been accepted. It is believed

that this will prove to have been the casein very few instances and that in the main the conclusions

arrived at are correct.

One outstanding generality se>ems to emerge from this simplicity of tho problem, namely,

that the association of nerv^e and muscle in the neuromuscular imit must have been very fiimly

established very early in the process of differentiation of the vertebrate stoclc, becaurto this

constancy of neuromuscular association has been so successfully used thi-oughout the work as the

initial guide to the identification of the muscles.

It is a fact that, with very few exceptions, muscles of any given segment are. without doubt,

innervated by tho nerve of the same segment. The exceptions to this rule are for the most
part questionable. Tlie statements that they are exceptions are based upon dissections, and
are inatlequately or not at all supported by experimental evidence and/or embryokigical proof.

In almost every mstance, moreover, such statements conflict with those of other iJivestigators,

The rarity of these cases is itself a reason for doubting the verity of the exceptional association

said to be present.

The statement that a muscle is innervated by a nerve other than that of the segment to

which the myotome beloaged, e.g., that a muscle derived from the mandibvdar myotome is

innervated by the seventh nerve, implies a great deal more than the mere anatomical association.

It is a statement which implies the breakdown of the definite forces, whatever they may be,

which direct the progress of ordered ontogenetic growth and development.

We are faced, it appears to me, with two, and only two, p(jssibilities hi this connection ;

we must assume that t here are physico-chemical forces directing the processes of growth, or else

we must assume that there ai-e no directors whatever. The facts of ordered growth are, in

themselves, the complete refutation of the second.

The first assumption, however, at once forces upon as the recognition that the governance
of ordered gi-owth is imder the direction of both stimulating and inhibiting forces.*

• It would not add to the exactness of this discussion to attempt to employ any of tim rei^ouniznd designations.
Wo niislit, lor instancf

,
refer to the responses as tropisniw, or positivo and ni?Kative niorphogenetic suIiHtancew or

centres, or as excitors or inhibitors or evocators. Until wc know a great deal more about these things tliey are little

more than useful terjns defining the nietlKKj of approach to the general problem , and hnplyiug a belief in the existence
of a directing force.
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Since the muscles come to assume certain constant and definite relations, in each species,

to contiguous structures, we must assume that something has directed development to this end,
and further, that something has prevented them from acquiring other relations. Similarly,

both positive and negative forces must have been effective in iletermining the association of
nerve and muscle, and this will have been so whether the theory of His be correct, or that of
Hensen ; whether the nerves have grown peripherally or centripetally.

The experimental work of Lehmann, Detwiler (Oetwiler, 1936, pp. 147-150) and others
has provided the proof of the existence of the positive force determining the direction of nerve
growth, and (accepting the His theory) that it resides in the mesoderm of the segment for the
segmental nerve, and in the limb bud for the brachial plexus. It has been further shown that,

if the mesoderm be completely excised, the development of the segmental ganglion and of the
peripheral fibres is more or less completely inhibited.

The negative controUmg force has not as yet been located. It is here suggested that this

may reside in the growing neives themselves and be exercised upon contiguous nerves, so that
they exercise a mutual repulsion upon one another. This would explain why segmental nerves
are confined to girdle areas of the body and only overlap to a small extent. This idea may be
given better definition by suggesting that a morphogenetic hormone is formed in the neighbour-
hood of the growing nerve, which, diffusing into the surrounding tissues, inhibits the growth of
other nerves in the regions of its greatest concentration.

This suggestion might be tested by the early excision of half of the neural crest in a single

segment. If the suggestion be the correct explanation, then one would expect the segmental
nerves on both sides of the gap to supply at least sensory nerves to the area deprived of its own
nerve.

However, whatever be the correct explanation, it seems certain that the orderly growth of
nerves must bo imder the direction of positive and negative forces. Therefore heterogeneous
innervation* can only have resulted from the breakdown of these forces.

If the reality of those forces be admitted, it becomes worth while considering just what
their breakdown " must imply. The experimental work previously referred to demonstrated
that nerve-muscle attractions were not specific, that mesoderm, or more specifieally muscle
plate, from any segment was capable of receiving nerve tissue from any other segment into which
it was transplanted in place of the muscle plate thereof, and that the limb bud was capable of
exciting the development of the nerves from other segments than the normal, if traiisplanted,

so that its plexus was derived from segments other than the normal.

Therefore, it might seem that any muscle might exeicise an attracting influence on any
nerve. Wliilst the muscle is in the normal situation, however, it will be supplied by its own
proper nerve. Before we can admit the occurrence of heterogeneous iimervation we must
postulate the failure of the proper nerve to grow, although, since it attracts another nerve, ex
hypothesis the muscle was possessed of the power to have attracted its own proper nerve.

If we assume that the change over was gradual and not effected at a single step, then we
assume something for which there is no evidence 'm support from experimental work : we assume
tliat the invading nerve had grown away from its own proper sthnulating directive force and
against the inhibitory force which seems to reside in any area supplied by its own proper ner\-e.

Finally, although experimental work appears to have demonstrated that the stimulating
directive force is not specific, we are called upon to postulate its failui-e to stimulate one nerve
whilst retaining the power to stimulate another to growth, that is to say, we have to postulate
specificity in one small isolated phenomenon, as well as postulating the failure of an inhibiting

force which also is probably not specific.

Whilst it is recognized that these thoxights relative to the control of the development of the
nerve-muscle units are very largely pure speculation, it is claimed that they do present the
probabilities, and the conclusion they force upon one is tliat all claims for heterogeneous
innervation must be regarded with grave suspicion.

The evidence for and against the specific examples of apparently heterogeneous innervation
will be found in its appropriate place in the text.

Scattered tliroughout the work wiU be found specific aclcnowledgments and thanks for

assistance from colleagues and friends, too numerous to detail here, but I should like in this

• This term is used to indicate the innervation of structures derived from one segment by a ner\^e from anotlier
segment.



THE BVOLTJTION OF THE SKULL—KESTEVEW. 5

place to express my thanks and acknowledge my debt to Dr. C. Anderson, formerly Director of

the Au8traUan Museum, Professor A. N. Bxirkitt of Sydney University, and Dr. Lightoller.

Throughout the progress of the work Dr. Anderson placed the resources of tlie Museum at

ray disposal, and to his kindly interest in this way I owe a multitude of interesting spo<;imens.

To Professor Burkitt's active interest in my work, I owe inspiration and direction in many
ways. I am also indebted to him for assistance which T have constantly had from the Department
of Anatomy, which he directs.

Dr. LightoUer's assistance has taken the form of keen criticism, wiiich his own work in

muscle homologies and consequent understanding of the problems has always justified. The
fact that we have not always been able to agree has been, in those instances, a sptu-, for the

resultant discussions have indicated wherein my case was weak, leading, in some instances, to

modification of my views and, in others, to the strengthening of my argument by fiui^her

investigation.

Finally I should like to acknowledge my indebtochioss to the Executive of the Commonwealth
Council for Scientific and Industrial Research for grants which have purchased material and
instruments for ray use.

Post Scriptum.—After this first part of my work was completed, Edgeworth's exceedingly

fine book on the Cranial Muscles of the Vertebrates { 1 935) reached me. Brief comment on
certain points of agreement and of difference between us appears desirable.

Edgeworth states (p. 26) :
" lehthyopsida and Amphibia can be divided into two groups

with reference to the developmental phenomena in the masticatory muscle plate . . . The first

comprises Dipnoi, Holocephali and Amphibian lai-v^ae and presiunably adult Amphibia. The
second group comprises Plagiostomi and Teleostomi. Tlie former are said to exhibit a " primary "

mode of development of the masticatory muscle plate, the latter group a secondary " mode.
He comes to the conclusion that on account of this difference in the mode of their development
the Mm. adductores mandibulae of the former are not homologous with those of the latter group,
and therefore designates the adductors m the first group levatorcs mandibulae Edgeworth
further stresses the fact that the secondary mode of development, that of the Plagiostomes and
Bony fishes, is found in the Sauropsida, whilst the primary mode is present in the Mammals.
This complete di-scontmuity he explains by assuming that the secondary condition has been
separately acquired.

Edgeworth appears to be of the opinion that early embryonic conditions miist represent and
be derived directly from ancestral features ; or is it that his conviction that the Dipnoi are the
most primiti\ e of living fonns leads him to adopt the above view ?

There is so much clear and conclusive evidence that no embi'yo mav be accepted as repre-

senting an athdt ancestor that the first position appears to the writer as untenable. The second
position, if that be the correct interpretation of liis attitude, will have been the lesult of the
personal factor in the equation, and must be recognized as entirely justifiable.

Obtruding that same personal factor, I have always regarded the appeal to coincidences
and fortuitous happenings as a weakness in attempts to explain phojiomena of development
and adult anatomy.

It appears to me that the most we are entitled to assert is that the mesodermal segments
and their derived neuro-muscular imits as a whole are homologous. Beyond that we enter the
realm of speculation. This is not to be interpreted as meaning that we are not justified in
attempting to derive this muscle from that or the other, and to that extent regarding them as
homologous. I would derive the M. depressor mandibulae of the Amphibia from portion of the
primitive hyoid constrictor sheet of muscle fasciculi of the Elasmobranchs, but with quite different
origm and insertion it hardly seems reasonable to claim complete homology for the two muscles.

With so wide a variation hi the adult structures, and so much evidence of the variabihty
of the earliest embryonic features—an outstanding example is the varied development of the
premandibular somite—it does not appear that one is on safe gromid when basing argxunent
for, or against, homology on the early condition of the muscle plate.

In the present instance we do not know, and are likely to remain vmable to know, whether
the missing dorsal muscle is incorporated into the Mm. 'Mevatores mandibulae ", or whether
the mother cells of these muscles have simply dropped from the ontogeny altogether.

AVhilst it were very largely in accord with my own interpretation of the modification of an
originally contmuous primitive constrictor sheet, to regard the continuous, uninterrupted cranio-
meckehan maxillary muscle plate as the more primitive condition, I am unable, in view of the
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evidence, as I see it, to adopt this view. To my mind the simpler explanation and the one that

avoids the appeal to coincidence is that the muscles derived from the dorsal part of the sheet,

the constrictor dorsalis portion, have been so completely lost or incorporated in the lower muscles

by the members of the first group, and by the Mammaha, that there is no division of the embryonic

sheet.

In support of this view, I would point out that the Hoiocephali so closely resemble the

Plagiostomes in the great majority of their cephalic characters, that one is obliged to regard

them all as Elasmobranchs. The greater geological antiquity of the Plagiostomes leads me to

expect them to present the most primitive conditions. I have regarded the subdivision of the

mandibular muscle sheet into dorsal constrictor-levator, middle adductor and ventral constrictor

components as being the modifications of a branchial sheet, brought about by the modifications

of the related mandibular arch. The absence of the dorsal component, observed in the Dipnoi

etc., I would regard as the suppression of these muscles, which might be expected to follow

naturally upon the firm fixation of the maxillary half arch.

The same line of thought leads me to regard the selachian evidence relative to the ocular

muscles, as indicating that they were originally derived from the premandibular, mandibular

and hyoid muscle plates, and to regard the Vlth nerve as part of the Vllth and the IVth as part

of the Vth. To me, the varied mode of origin of these six muscles and of the premandibular

somite appears as the result of the pressure or other influence o f the varying
j
uxtaposed structures.

It is pleasing, however, to note that Edgeworth regards the Dipnoi and the Amphibia as

being derived from a primitive Dipnoan stock. I arranged the evidence in support of this view

some years ago (1931), and was closely followed by Kerr (1932) in the same vein. It is also

pleasing to mo to find that the similarities to one another, presented by certain of the cranial

features in development and adult anatomy of the Hoiocephali, Dipnoans and Amphibians, have

appealed to Edgeworth as being fundamental.

After carefully studying Edgeworth's book I still feel that my diagram II, schematically

portraying the phylogenetic relationships of the Anamniota. most nearly represents the correct

interpretation of the facts at present available.
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THE MUSCLES OF THE ELASMOBRANCHS.

Introduction.

Profound modifications of both tho skelotul structures and their activating miisovilar

mechanisms are to be observed in the heads of recent fishes. Muscle entities seem to develop,

disappear, and reappear in bewildering variety with each change in underlyiiig skeletal frame,

or overlying dermal condition.

The head develops a rostrum and at once levator aad depressor rostri appear ; let the dermis

be rigid and there are no facial muscles, but if the dermis be soft then, as in the Holocophali, a

complete sot of superficial facial muscles is at once developed
;

given a modifieation of the

attachment of the superior labial bones, as in Drepane or EpibtdnH, so that tho upper lip becomes

protrusiblc, the requisite modification of the muscles of mastication surely follows. Clearly

the homologue of the levator rostri should not be sought in a fish whicii has no roatnuu, nor that

of the protractor labii superioris in a fish which has rigidly attached labial bones.

These last two instances exemplify extreme limits of the problem of the evolution of the

cephalic musculature of the vertebrata. They are special dovolopmejits iti harmony with special

skeletal developments, and are not to be found in the absence of those skeletal modifications.

But whence came they ? Not from nothingness : they are to be regarded as derivatives of some

portion of that early muscle plate which gives rise to the other more normal muscle entities

present.

It appears as though modification of the muscular system and its evolution are essentially

dependent on, or conditioned by, modification and changes m t-he skeletal system. There is,

moreover, a marked difference of attitude to be maintained in the study of cranial evolution

on the one hand and of phylogeuetic myogeny on the other. In the former case experience

points to the expectation of reduction in the ntunber of the component elements, either by more

or less complete fusion or deletion of the elements, and an absence of the introduction of new
elements. In the latter case one must be prepared, not only for fusions and deletioius, but also,

and increasingly in the higher forms, for the introduction of completely new entities.

Thus a study of the evolution of the musculature of the vertebrate head may prove an

attempt to understand the origin and modification of the various muscles rather than a search

for homologies.

As an introduction to such a study, this first section is devoted to an attempt to understand

the raetaraerie serial homologies of the muscles of the heads of the various fishes. It would

seem that, omitting the epibranchial and the hypobranchial spinal muscles, the muscles of the

fish's head are modified forms of the original mctamcric ropotition of similar muscles related to

the visceral arches. If these original elements can be identified in their modified forms, such

identification should assist us in imdorstanding the further modifications hi tho higher vertebrata.

It is probable that the primitive vei'tobrate was provided with a termmal, or subtenninal,

mouth, behind which ranged seven visceral arches. It is lorther probable that a myotome, or

muscle slieet, was present in front of each arch and behind the branchial cleft, that is to say,

in the anterior portion of the thickness of each interbranchial wall, and in froat of the first arch

around the mouth opening. The muscles related to these arches were probably constrictors

only, in the most primitive condition, the resihence of the unjointed arches being relied upon
to effect a return after constriction (Fig. 1, A).

The accumulated evidence on tho form of the visceral arches indicates that each was very
early segmented uito four pieces on each side, imitcd below by a median piece. There may have
been five pieces in each side and the ventral pieces became fused in pairs.

Clearly unless the joints of the arch bent in opposite directions, constriction would have been
productive of dorsi -ventral or lateral flattening, or would have displaced the apex of the compressed
arch forwards or backwanis. The mechanical disability in the way of compact constriction of
the throat and mouth could only be overcome by development of these flexions observed in the

arches available for study. It is therefore reasonable to believe that the " S " shape of these

arches is a very ancient feature. As generic terms for the four segmeiits will prove convenient,

pharyngo-, epi-, cerato- and hypo-" arcual " are suggested.

There was no *' fac^ and. of course, there were no facial ruuscles in the primitive

prognathostoruatotis \-ertebrate

.
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It appears that early modification of the musculature resulted in the attachment of deeper

parts of the circular sheet to the jointed arch, and there resulted those muscles which we designate

levatores arcuum brancliialium, obliqui dorsales, adductores arcuum branchialium and obliqui

ventrales (Fig. 1, B).

G.c.

a h
Fig. 1.—A. An hypothetical branchial arch, with its continuous constrictor sheet of muscle and unjointed

cartilaginous arch.

B. Scheme of the jointed arch and modifled muscles derived from Figure lA. In both drawings the

atrio-pharynx has been indicated by cross-hatching. Add., adductor arcuum. C.pr., deep constrictor.

Co.br., coraco-branchialia. Csd., superficial dorsal constrictor. Ep.o., oblique epi-arcual. G.c., gill cleft.

Lev., levator arcuum. Sub.o., subarcual oblique. Sub.tr., transverse subarcuaj.

The effect of this more perfect musculatiire was to approximate the bisected dorsal and
ventral halves of the arches more efficiently, bringing about the actual contact of their fore ends.

These fore ends of the folded arches, it will be remembered, are the upper and lower ends

respectively of the middle segments. The contact of the fore ends of the front arch would have
surely been early availed of as a means to prehension of food. I have elsewhere designated this

hypothetical stage in the evolution of the maxillo-mandibular arch, " neognathostomatous '\

The first arch was assumed to have functioned as a jaw, but was not deemed to have been modified

to any degree and was assumed to be slung to tlie craniimi and to its fellows much as the other

arches are now.

Further modification is regarded as having resulted in the fixation of the first '* epiarcual
"

and it became the palatoquadrate. The first cerato-arcual increased in size and became Meckel's

cartilage. The joint between these two became more perfect and stronger. The first phaiyngo-

and hypo-arciials became reduced and perhaps persisted as the labial cartilages. Finally, there

was increased complexity and efficiency of the muscles related to this first arch and there resulted

the perfected jaws.

Along with these changes, and perhaps coiiditioned by size and backward growth of the

upper and lower jaws, there was a modification of the hyoid arch, whose upper element was
either impressed as a suspensorimn for the first, as in the generality of fishes, or much reduced

in size, as in Holocephali, Dipnoi and higher vertebrates generally.

A primitive branchial arch is depicted in Figm-es 2 and 3, seen from the side and from in

front. These drawings also represent conditions present in almost any Elasraobranch. They
serve to illustrate the fact that the cerato-branchial cartilages are very closely approximated to

one another in the midline, whilst the epibranchial cartilages are nearly as closely related

superiorly. There is here nothing to indicate the impossibility of the two most anterior pairs of

elements becoming united at the midline above, to form the palatoquadrate arch, just as Meckel's

cartilages and the other arches are joined together below.
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The remarkable uniformity in the general plan and arrangement of the brajichial arches

throughout the fishos justifies the conclusion that they are but little modified from the primitive

jointed type from which all are evolved. If this be so, one may also assume that their musculature

will have undergone relatively little modification.

Since, however, there is variation in the number and arrangement of the branchial muscles

in the various fishes, no one of them may be justly accepted as typical of the primitive condition.

On the other hand, one may, with tolerable confidence, reconstruct that typical arrangement

by making a ^' composite " picture which shall include all those muscles which conmionly occur

in all or in the majority of the known foi'ms in each class, omitting muscles which are present

only exceptionally and in single classes only. Such a composite picture is presented alongside

a schematic presentation of the primitive imjointed arch and its simple muscle sheet, in Figure 1, B.

a

2 3

Fig. 2.—The jointed branchial arch viewed from the side. A., anterior end.

Fig. 3.—The same, viewed from in front.

In this composite arch the following muscles may be recognized :

u a 4. *. f 'lorsal (csd.)
Huperficial constrictors . . * i / v

\_ ventral (csv.)

Beep constrictor .. .. .. constrictor profundus (C.pr.)

Levator .. .. .. .. levatores arcuum branchialiuin (lev.)

Epibranchial spinal . . . . passing from one branchial arch to another (d.i.) (not shown)
r dorsal (epiarcuaUa obliqui- (ep.o.)

Adductors . , . . . . • ^ ini<l<ile (adductorcs arcuum branchialium) (add.)

ventral (subarculia obliqui) (sub.o.)

Ventral interarcual . . . . subarcuales recti, passing from one arch to the other (v.i.) (not shown)

Depressor . . . . . . . . coraco-branchiales (co.br.)

The nomenclature of Marion, Vetter and Tiesing has been in part adopted. The departures

are in the partial acceptance of Edgeworth's nomenclature for the specialized ventral muscles

and its extension to the similar dorsal muscles. Edgeworth recognizes subarcualia transversi,

obliqui and recti. Of these the first two might be described as intraarcualia since they extend

frorn one segment of an arch to another segment of the same arch or to its fellow of the opposite

side. This is not entirely true, for the obliqui do in some cases gain attachments to two different

arches, but even in these cases the muscle acts essentially as a flexor of the joint it crosses. The
recti, on the other hand, are essentially interarcualia, for they extend from one arch to another
and act to bring these arches together. I would therefore classify these as " interarcual " muscles
whilst retaining Edgeworth's specific designation " sub-arcualia recti ".

On the other hand, I have applied a modification of his terminology to the essentially similar

dorsal intraarcual muscles which, in the past, have been designated "lateral series of dorsal

interarcual muscles These I designate epiarcualia obliqui, but classify them functionally as
dorsal adductors.

The dorsal interarcual muscles ("median series of dorvsal interarcual muscles ") I designate
" epibranchial spinal " muscles to convey their origin from spinal myomeres.

It is, of course, always regrettable to add to synonymy, but it appeared essential to obtain

a set of designations that was completely free from ambiguity, and in which each term wa&
sufficiently self-explanatory to give rise at once to a mental concept of the situation of the muscle
named.
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The table which appears above is aot only a list, it is also a classification, and it is well

worthy ofnote that all of these muscles, excepting only the levators and depressors, are constrictors

of the atriopharynx. In the absence of the levators in such a form as Heterodontus, it is found

that there is dorsally a deep portion of tlie in tei'branchial muscle which is capable of acting as a

levator and, further, that in many of the fishes there is a very similar portioxi of the mterbranchial

muscle A^eutrally which is capable of depressing the lower half of the arch and acting as a dilator

of the arch and p!larJ^lx. That a portion of the deep constrictor should thus easily be modified

to act as a dilator is significantly interesting.

Wc may also here thaw attention to the fact that, according to the view adopted in this

work, the superficial constrictors aiitl the deep constrictors are to be regarded as but slightly

modified primitive muscles, whilst tbe atiduutors are specialized developments from the deepest

layers of the primitive sheet.

It has been demonstrated by a number of observers, but particularly and with especial

clarity by Edgeworth, tliat the muscles relatcit to the maxillo-mandibular arch are developed

from a single " mandibular myotome " and arc innervated by the fifth nerve, that the muscles

of the hyoid arch are developed from a single " hyoid myotome " and are innervated by the
seventh nerve, and that the muscles of each branchial arch are developed from the tiorresponding

"branchial" muscle plate and innervated by a corresponding segmental branch of the ninth

and tenth nerves.

A slight discordance is produced by the innervation of the coraco-branchiales muscles in

the Plagiostomi, wliieh are muorvated by the spino -occipital plexus ; there is also further

discordance in the innervation of branchial levators and superficial dorsal constrictors by spinal

nerves. The epibranehial spinal muscles ai-e innervated by the spinal nerves of the myomeres
from wliich tliey arc developed.

Since the coraco-branchialis muscles are developed from the fused ventral ends of all the
branchial muscle plates (Etlgeworth, 1926) it was to have been expected that they would b©
umervated by branches from the proper branchial ner\^es. Apparently their innervation is a
secondary modification. The trapezius, or, preferably, cucuUaris, developed from the upper
ends of all five branchial muscle plates in Scijllimn, is innervated by the vagus nerve oidy.

I have deduced from pvn-ely morphological evidence that the priinitive musculature was a

simple coixstrictor sheet. It is woi'thy of note that there is cmbrj'-ological evidence in support
of this conclusit)n.

If this ia tlie fact, and in each branchial wall thei-e has been developed from a simple constrictor

muscle sheet the series of muscles illustrated diagrammatically abf)ve. we have a fmidamental
illustration of the truth of an earlier contention—that in the study of th(! e\^olution of the cephalic

musculature we search for derivatives rather than serial homologues.

The whole of the complicated musculature of the Elasmobranch branchial wall is the
homologue of a primitive constrictor sheet and we are irresistibly led to the same conclusion in

the case of the muscles of the maxillo-mandibular and hyoid arches ; hwt further than that, if

those have evolved from arches similar to the branchial and have passed through similar stages

of evolution, it should be possible to recognize in their musculatiu-e some trace of that evolution.

In short, if in the past the musculatm'e of all the seven arches was the same, it should be possible

still to recognize the serial homologues in the modified arches.

There is little doubt that the Elasmobranchs are the most primitive vertebrata available for

study, and one uatui-ally turns to the more primitive first in such a problem as the present.

Accepted classification of the Elasmobranchs recognizes two orders, the Plagiostomi and
the Holocephali, with two sub-orders of the former, the Selachii, containuig the sharks, and the
Batoidei, containing the rays.

To these I would add, with ordinal value, three famihes of the Chondrostei, namely the
Chondrostidae, Polyodontidae, and Acipenseridae. The remaining families of the Chondi-ostei

(Bridge, 1904) I would assign to the Osteolepida. A study of their visceral musculature confirms

a previous opinion that the above acipenserid fishes are more closely related to the cartilaginous

than they are to the bony fishes (Kesteven, 1931).

It has also been found that, whilst there are very definite features in the musculatiu-e of the
sharks and rays in support of the sub-ordinal division of the Plagiostomi, there are just as definite

characteristics in the musculature of Heferodonkis to justify it being placed in a third sub-order.
It appears probable that the Notidanidae and the Cochliodontidae should be placed wHth the
Heterodontidae in this sub-order.
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There are therefore five types of elasmobranch cephaUc musculature to be described :

Selachian, Heterodout, Batoid, Holocephalan and Acipenserid.

1. The Selachii.

In the study of the selachian cephahc musculature I have been enabled to dissect the following

material. Musteltis antarcticus Giinther (ten specimens), Brac/iaelurus modestus Gunther (three

specimens), and one specimen each of Orectolobus //mculatus Bonatorre, Sqaalus {Acanthias)

megalops Macleay, Sphi/rna Blochii Cuv., Pristiophorus cirratus Miiller aufi Henle, Chiloscylliu?}/

punctatum Miiller and Henle. This last was obtained prior to the specimens of Bracfmeluriis

;

their dissection proved the two to be so completely similar that the dissection notes on Chilo-

scyllium- have been used, in fact they were found to describe the Brachaelurus

.

In addition to these, Dr. Lightoller has kindly demonstrated to me his dissections of Mustelus,

Orectolobus and Carcharhinus, and I have gratefully to acknowledge his kindness.

For the School Sharks, Mustelus^ the Wobbegong, Orectolobus^ and the little Rock Shark,

Brachaelurus, I have to thank various of my fishing friends. These specimons reached me in the

fresh state. For the rest of the specimens I have to thank the Trustees of the Australian Museum
and Mr. G. P. Wliitley.

Only in the hyoid and mandibular segments was it found desirable to present detailed

descriptions of the various muscles in each species. The branchial musculature proved so

essentially similar thi-oughout the series that it has been described in general terms.

THE SELACHII.

Branclual Soguionts. llyoid Segments. Miindlhular ye^ment.

Superficial
Csd.3-6 Csd.2 Absent

Coustrietoi's.
Ventral . . Csv.y~6 Csv.2

i
Csv.l

Deep
Dorsal . . Cp.3-6 Cp.2 Cd.l

Constrictors.
Vontral . . Absent InterhyoideuH Absent

Levators .

.

Lev.3-6 Le\-.2 Lev.niax.Bup.

Epibranehial

Spinal muscles .

.

Ep.br.3-6 Absieut Absent

Adductor

Muscles.

Dorsal . . Ep.3-tj Absent

Pterygoideu*

Lev.lab.;sup. (Marion)

Add. (Vetter)

Middle . . Add.arc.br. Absent Quadrato-mandibularis

Ventral .

.

Absent AhsiMit Absent

Depressors Coraoo-branchialis Co.liyoideus Absent

Hypobranchial spinal muscles. Coraco-mandlbularis and coraco-branchialis commmis.

THE MUSCLES OF THE BRANCHIAL SEGMENTS.
The Supebficial Constrictors.

A . Dorsal. Each of the dorsal constrictors presents two portions which, followuig

Lightoller,* I will designate partes inscriptionalis and arcuata. It should be clearly grasped at

the outset that each of the constrictor sheets, both superficial and deep, is placed behind its

* Lightoller (p. 352) regards the deep constrictor as portion of the superficial, and designates it
" pars branchialis ".

I have followed earlier workers in designating this part of the perfectly continuous branchial sheet the *' deep con-
strictor because in the hyoid segment throughout the whole of the vertebrata this part of the sheet is deep to the
rest

;
even in the branchial segments the designation is justified by the fact that this part of the sheet is deeply placed,

and the other two parts superficially placed.
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respective gill pouch, but in front of the eartilaguaous support of the septum of which it forms the
muscular component. This fact is likely to be overlooked by reason of the caudad growth
superficially of the sopta, causing the posterior portion of each septum to act as the lateral wall
of the pouch behind, and, in this portion, not limiting the pouch in front of it. This is liable to
load one to regard the constrictor sheets as being placed in front of their respective pouches.

That portion of the dorsal superficial constrictor which lies superficially, and lateral to the
pouch behind, constitutes the pars arcuata ; the portion more deeply placed is the pars
inscriptionahs. These dorsal constrictors take origin from the aponeurotic investment of the
trunk muscles, fascia dorsalis. Each pars arcuata has an origin in common with the pars
inscriptionahs of the muscle behind it. From their origin the direction of the fasciculi is ventrad
with a convexity laterad. At the superior fornix of the gill pouch the pars arcuata of the one
passes superficially, whilst the pars mscriptionahs of tlie other passes more deeply. At the line
of the divergence of these fibres there is either the dorsal extrabranchial cartilage or simply a
tendinous interruption.

These dorsal superficial constrictors may pass uninterruptedly ventrad into the corresponding
ventral constrictors, or the continuity of the fasciculi may be mterrupted by the insertion of
more or fewer of their number into a prominent mid-lateral gill-ray, and/or a mid-lateral tendinous
mterruption which may or may not be confined to the pars mscriptionalis.

-B. Ventral.—The four ventral superficial branchial constrictors present partes arcuata and
inscriptionalis which correspond to the portions of the respective dorsal constrictors, and in
inoat cases are simply ventral continuations thereof. The insertion of these is : (1) superficially,
into the ventral deep fascia on either side of the hypobranchial spinal muscles, and (2) mto deeper
structures which may be (a) the ventral extrabranchial cartilages, whicli in turn are boimd to the
ventral surface of the gill arch by fibrous membranes, or (6) simply such fibrous membranes
without the cartilage. It is, of course, the pars arcuata which is maerted superficially and the
pars inscriptionalis which is inserted the more deeply.

The Deep Constrictors.

A. DorsaL—There are four mterbranchial miiscles. These are essentially similar to the
partes inscriptionahs of the superficial sheet. Not only is this so but, in many examples, it is
quite impossible to decide definitely where the one begins and the other ends. The deep portion
of the superficial constrictor lies anterior to and in contact with the outer ends of the gill rays,
the deep constrictor lies against the inner ends of the same rays. These hitei-branchial muscies
take origin above from the extrabranchial cartilage which at its deep, inner, end is firmly bound
to the aponeurosis of the trunk muscles, or they take origin from the fascia dorsahs direct. They
are inserted below either into the ventral extrabranchial cartilage or, without its mtervention,
mto the ventral end of the arch. These deep constrictor sheets may or may not be inteiTupted
by the msertion of more or fewer of the fascieuH into one or more of the gill rays. In none of
the examples dissected was there found any portion of the interbranchial muscle passmg direct
to either the epibranchial cartilage from above or the cerate -branchial from below as was found
ixi Heterodontuft.

B. Ventral.—No complete subarcualia transversi were observed in any of the selachians
dissected. On the other hand, I have been able to confirm Marion's obsei-\"^ation that some of
the fibres both of the pars inscriptionalis and of the deep constrictor in Sgualus (AcarUhias),
as also in Mustsluf^, find an insertion into the deep fascia of the coraco-mandibidaris muscle.

The Branchial Levator Muscles.

The branchial levator sheet was first described by Lightoller. I have been able to confirm
his observations upon MuHtelus and Orectolobus, and have found the same sheet in Brachaelur-u^,
Sphyrna, Pristiophorus and GMloscyllium, In Sqtmlus {Acanthim) also, the levator sheet is
present but so very fine are the several muscles that, had one not been searching for them, it is
doubtful whetiier they would have been observed. Orectolobus and Brachadurus are closely
related to Scylliwn, a foim which has been studied by several writers. Although none of thein
has described the branchial levators, it is probable that they wiU be found when carefully sought
for.



THE EVOLUTION OF THE SKULL—KESTEVEN. 13

When the dorsai superficial constrictors are carefully freed from the fascia dorsalia, a dorsal

venous sinus is oxposetl. This is of variable size and is particularly largo in Mufstelus. When it is

opened along the length of the dorsal limit of the brancliial basket and its glistening lateral wall

dissected off the wall of the atriopharynx, the branchial levator sheet is exposed. Thie consists

of five muscles ; each is a thin quadrilateral muscle which takes origin above from the deep

surface of the tendinous origin of the corresponding superficial dorsal constrictor, and is inserted

into the fibrous strands and membranes which bind the pharyngo- and epibranchial cartilages

together, but, as the ventral margin of each muscle lies above the epibranchial cartilage not far

from the centre of its length, the uisortion is, in the main, into that cartilage. These muscles

lie one behind the other in the median wail of the gill pouches above the level of the pharynx,

and in an antero-posterior vertical plane.

Innervation.—limervation is certainly by the anterior spinal nerves, but there is, possibly,

also a motor supply from the post-trematic rami of the IXth and Xth nerves.

The Epibbanchial Spinal Muscles.

The epibranchial spinal muscles are constantly present in all the selachians heretofore

examined. The most anterior, M^hich. following Vetter, will be designated the subspinalis, takes

origin from the ventrum of the cranium, the underside of the triuik muscles and the lateral

vertebral spuious processes close thereto, and passes ventrad, caudad, and slightly laterad, to be

inserted into the dorstim of the first pharyngobranchial near its posterior end. Each of the

remaining three muscles takes origin from the posterior edge of the first, second or third pharyngo-

branchial cartilage near the joint with the epibranchial, and is inserted onto the anterior edge

and dorsal surface of the pharyngobraJichial behind.

These, like the branchial levator muscles, are iimervated by spmal nerx'cs.

The Branchial Adductor Muscles.

A. Dorsal.—The oblique epiarcual muscles are four in nmnber. Each takes origiii from the

lateral edge of a pharyngobranchial cartilage and passes across the joint to an insertion on the

posterior edge of the epibranchial cartilage of the same arch. In some species the muscles also

gain attachment at the upper end to the pharyngobranchial cartilage of the arch behind, but

this is always a secondary origin. The muscles lie in the angle formed between the two cartilages.

The lateral edge of the pharyngobranchial is also the posterior, so that the muscles lie behind

the arches.

B. Middle.—The adductores arcuura branchialium are four in number. Each is a relatively

small muscle which spans the angle between the cerato- and epibranchial cartilages, each lying in

front of and medial to its arch. The muscles lie close against the capsule of the joint and may be

said to take origin from the epibranchial and to be inserted into the ceratobranchial.

(7. Ventral.—There are no oblique subarcual muscles developed in comiection with the

branchial arches of any of the selachian examples examined.

Ventral interarcual muscles are not developed either in any selachian as yet examined.

Branchial Depressor Muscles.

The coraco-branchialis is a composite muscle presenting five very similar component portions.

They arise together from the lateral portion of the coracoid arch or from a very strong investment

of the hypobrauchial spinal muscles which is attached to that arch. From this origin they

diverge as they pass dorsad and cephalad on the lateral wall of the pericardium to be inserted

onto the ventral sm-faee of the first to the fourth hypobrauchial cartilages. The most anterior

slip of the muscle may obtain an insertion into the hypohyal, and the last commonly extends

back to be mserted also into the fifth basibranchial as well as the fourth.

The Hypobranchial Spinal Muscles.

The hypobranchial spinal muscles are so essentially similar to those of Heterodontus^

which is described in detail later, that it is quite unnecessary to describe them here.

The following table of synonymy of the hyoid and mandibular muscles is printed for purposes

of check-reference.
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Synonymy of the Hyoid Muscles in the Sblaohii.

Kcstevcn. LightoUer. Marion. Vetter

C8d.2a pars Csd.2c 08d.2 Csd.2

arcuatii

Csd.2b pars c;»d.2b Csd.2 Csd.2 Dorsal

mscriptioualis

Cd.2pr. infcer- Csd.2a Osd.2 Cad. 2

branchialis

Csv,2a pars Csv.2c Csv.2 Csv.2

arcuata

Csv.2b pars Csv.2b Csv.2 Csv.2

inscriptionalis Ventral
Interhyoideus C8v.2a anterior part ot

intorhyoideus

Csv.2

IiGvator nyoidci Levator liyoidci

Coracobyoidcu.s

Synonymy OF THE MANDIBtTLAK MUSCLES.

Cd.l
/ Osd.lb"

\Csd.lc
Csd.l Csd.l

CHV.la pars Csv.la" Cav.l Csv.l

jntermandib,

Csv.lb^ pars CSV. lb- Csv.t Csv.l
cxtraiiiandib.

Lev.max. SI I p.

Pterygoideus

Quadrato-niandibuiaris

L.l

Csd.la

Csd.la fCsd.lb'

Cav.Ia + Csv.lb'

levator iiiaxiilae ^fuporioris

Lcv.Iab.sup. Add. B
Adductor mandibular

THE MUSCLES OF THE HYOID SEGMENT.
It will save repetition to state at the outset that these muscles are all itiiic'rvated by the

hyo-mandibular branch of the Vllth nerve.

The SXTPEBFICIAL CONSTBICTORS.

The most detailed description of the dorsal superficial constrictor muscles in the selachians

is that of Lightoller. He has described those of Mustelus, Galeus and Orectolobus. Whilst
my own dissections enable me to confirm his descriptions, T find myself unable to accept the

whole of his interpretation of the muscles.

LIST OF ABBREVIATIONS USED ON THE ILLUSTRATIONS TO FART I, SECTION 1.

Add.br., Mm.adductores arcuuiii brancliialium
;

Add.hy., M.adductor hyoidei ; B.br., Basibranchial cartilage
;

Cd.l, Mandibular dorsal constrictor muscle
; Cd.2.pr., Hyoid deep constrictor, interbranchial, muscle

;
Cer.br.c,

Ceratobranchial cartilage; C-g., M.coracomandibularis
;

C-li., M.coracohyoideus
; C.n.. Capiti-nuchal muscles;

Cor., Coracoid arch
;

Cr.gl., M.cranioglossus
;

Csd.2b, Pars inscriptionalis of the dorsal sujtt^rlk-ial hyoid coustrictor

muscle
; Csd.3-6 a & b, Partes arcuata and inscriptionalis of the dorsal superficial branchial constrictor muscles

;

Csd..3.pr., The first deep branchial constrictor, interbranchial, nuiscle ; (.'sv.la., Pars intermandibularis of the ventral

mandibular superficial coastrict(jr muscle
; Csv.lb^., Pars extramandibularis of the ventral majidibular superficial

constrictor muscle
;
Csv.2b, Pars inscriptionalis of the ventral hyoid superficial constrictor muscle ; Csv.3-6 a A b,

Partes arcuata and inscriptionalis of the ventral superficial branchial constrictor nuiscles
;

Ct., The thick perichondrium
of the symphysis

;
Cu., M. cucullaris

;
D.a-o.p., Dorsal antorbital iiroeess ; E.c. Ethmoid cartilage

;
E.ni., External

branch of the hyomandibular ramus of the Vllth nerve ; EpJir.c, Epibrancliial cartilage : Epi.o., M. epiarcualis
obliquus

; Epi.sp., M. epihranchialis spinalis
; Ex.br.c, d & v.. Dorsal and ventral extrabranchial cartilages ; F.I & 2,

The line of the floor of the first and second gill pouches ; G.c.l & 2, The position oF the first and second gill clefts
;

H-h., M. interhyoideus
;
Hy.c, Hyomandibular cartilage

;
Hy.br., Hypobranchial cartilage

; Hy.br.c., Hyobranchial
cartilage ; Hy.gl., M. hyoglossns

;
Hy.m., Hyomandibular cartUage ; Lh. tt I.hy., M. interhyoideus ; Lb.c, Labial

cartilage
;

L.hy., M. levator hyoidei
; L.l.i., M. levator labii inferioris

; L.I.r., The lateral ligament of the rostrum
;

L.I.S., M. levator labii superioris ; L.mx.s., M. levator maxillae superioris ; Lev.Iiy-mn., M. levator liyomandibulae :

Lev.pal., M. levator palatini ; L.r., M. levator rostri
; L.r.r., Ligamentum radicis rostri ; Melv. A. Mn., iledicl's

cartilage
;

Md.l., M. mandibulo-labialis
;
Mn.V., The mandibular ramus of the Vth nerve

;
Mx.l., M. maxilio-labialis ;

Op., Opercular fiap
;

Op.r., Opercular rays seen tlu-ough the flap
; P.l.s., M. protractor labii superioris

; P.s.l.i.,

M. protractor superior labii inferioris
; Pt., M. pterygoideus

;
Pty.a. & p., Partes anterior and posterior of the M.

pterygoideUR
;
Qm., M. quadratomandibularis ; Qtn.a., p. & v., Partes anterior, posterior and ventralis of tfie M.

quadratomandibularis
; R., Superficial raphe; Sp., The spiracle.

The roman numerals indicate the appropriate cranial nerve or its foramen, V, V* & V, the three rami of
the Vth nerve.
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A. Dorsal.—^The superficial dorsal hyoid constrictor is essentially similar to the branchial

muscles. There is, however, no similar muscle anterior to it, so that whilst there is the community

of origin between the pars arcuata of this and the pars inscriptionalis of the muscle behind

—

the first dorsal superficial branchial constrictor—there is no similar common origin of two muscles

dorsal to the spiraoular cleft. The origin of the two portions of the muscle is from the fascia

dorsalis posterior to the spiracle, and separated therefrom by the deep constrictor, wliich has

acquired a superficial position. Ventrally the muscle is, in conformity with the superficial

constrictors behind it, either continued more or less uninterruptedly over into the ventral

constrictor or interrupted by the insertion of more or fewer of its fasciculi into a prominent middle

gill-ray.

B. Ventral.—The ventral hyoid superficial constrictor also is essentiaUy similar to the

branchial constrictors behind it, and its origin medially is either from a median ventral raphe,

and this is the commonest condition, or from the aponeurotic investment of the hypobranchial

spinal muscles.

The Deep Hyoid Constrictors.

A. Dorsal.—^This is represented by that anterior portion of the superficial dorsal constrictor

which lies against the inner ends of the pseudo-hyoidean gill rays. A careful analysis of the

musculature of the interbranchial muscles and their related partes inscriptionales will demonstrate

that the latter cannot be regarded as extending deeper on the septimi than the outer ends of the

gill rugae. At this depth, if not more superficially, it is commonly foimd that there is a change

in the texture of the fasciculi, the deeper being the finer, and in most forms there is, in addition,

above and below, a very readily demonstrable difference of direction, and/or origin and insertion.

Now in the hyoid dorsal superficial constrictor in the selachians one finds that, in every instance,

the portion of the muscle which Lightoller designates pars inscriptionalis extends forward and

deeply, quite uninterruptedly, till it comes to lie in contact with the deep ends of the pseudo-

hyoidean gill rays, with the gill rugae on the other side of those rays. That is to say, its most

anterior portion occupies a position relative to the gill rays and filaments which, in the branchial

segments, is occupied by the deep constrictors.

The origin of the muscle is from the fascia dorsalis, its insertion being into the loose fibrous

tissue which separates the posterior margin of this muscle from the pars extramaudibularis of

the lii'st ventral superficial constrictor. Posteriorly the muscle is. as already stated, quite

inseparable from the pars inscriptionalis of the superficial constrictor. Anteriorly above it

blends, without limiting margin, with the hyoid levator ; below it is limited by its own loose

perimysium, by which it is separated from the insertion of the hyoid levator and from the insertion

of the pars extramaudibularis, Csv.lb^.

Briefly the contention here is, that the muscle which previous workers, except Lightoller,

have designated the superficial dorsal constrictor of the hyoid segment, is that muscle plus the

interbranchial muscle or deep dorsal constrictor of the segment.

The truth of this contention is most strikingly proven by the muscle in ChUoscylUum.

Commencing at the posterior margin of the muscle there is first a typical pars arcuata, which

arises in common with the pars inscriptionalis of the first dorsal superficial branchial constrictor.

In front of this, and perfectly continuous with it, is a typical pars inscriptionalis. The pars

arcuata is covered on the deep surface as well as on the superficial by the skin. The
pars inscriptionalis is covered superficially by skin, but has the outer free ends of the hyoidean

gill rays against its deep surface, with the outer ends of the gill rugae on the other side of these

rays. The anterior margin of the pars inscriptionalis is a slightly curved line which commences,

at the common level of the dorsal superficial constrictors, above and a little forward of the first

gill slit. From this point it passes ventrad and cephalad to the posterior margin of the outer

end of the hyo -mandibular cartilage. There is along this line a narrow ribbon of fascial tissue

from which the fibres of the pars inscriptionalis appear to take origin, and which also separates

the anterior margin of the pars inscriptionalis from the hyoid levator in front of it. When,
however, the fibres of the pars inscriptionalis which appear to arise from the narrow ribbon are

carefully dissected free from it, they are foimd, every one of them, to turn mediad and pass

deeply between the posterior surface of the hyoid levator in front and the deep, attached ends

of the hyoidean gill rays behind them. These fibres are beyond doubt completely homologous

with the fibres of the deep branchial dorsal constrictors. Like them, they provide a muscular
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layer for the anterior wall of the branchial pouch in its depth, and arise from structures along

the dorsal fornix of the depth of the pouch.

They also reproduce very faithfully the conditions found in the anterior wall of the first

gill pouch in the rays.

In Sphyrna (Figs. 4, A, B and C) the pseudo-hyoid and the hyo-branchial rays are very

superficially placed throughout their length. The Cd.2.pr. arises from tlie fascia dorsalis, reaching

almost to the raid-dorsal line and so far forward as to lie almost above the anterior margin of the

lower jaw. The fibres are directed caudad and ventrad and are inserted into the subdermal tissues

attached to the outer end of the hyo-manflibular. The first branchial pouch is continued far

forward above the mouth, almost so far as the anterior margin of this Cd.2.pr. These fibres,

however, are not in contact deeply with the hyoid gill rays, except just a few of them along the

posterior margin of the muscle. Whilst the hyoid levator appears to have retained its normal

origin from the skull, at the posterior margin of the orbital region, the absence of spiracle and of

the orbital structures has permitted the first branchial pouch to grow forward beneath it,

capturing the spiracular space. The Cd.2.pr. has grown forward, but superficially to the levator.

It is significant, however, that none of the fibres are superficial to the levator muscle at their

insertion.

Tlie Cd.2.pr. grows forward over the levator hyoidei in Cardiarhimis also. In this form the

two muscles are fused along their anterior margins but are readily separable posteriorly. It is

worthy of note that this peculiar forward gi'owth of the Cd.2.pr. superficial to the hyoid levator

was foimd only in these two genera which are both devoid of a spiracle. Lightoller has described

the muscle in Carcharhmus under the designation pars epihyoidea (Csd.2a) of the second superficial

dorsal constrictor.

Fig. 5.—Some of the hyoid and luundibular muscles of PrUtiophorus.

Lateral view.

Pristiophorus (Fig. 5).—The superficial dorsal constrictors arise from the fascia dorsalis

along a line which is level with the upper margin of the orbit in front and slopes ventrad as it

extends backwards. This is the line of origin, not only of all the superficial dorsal constrictors,

but also of the hyoid levator in front of them, and the swelluig of the muscles immediately below
their origins causes a longitudinal sulcus along the line of origin which is quite obvious before the

skin is removed. The anterior limit of Cd,2 is over the middle of the spiracle, the posterior limit

directly dorsal to the first gill slit. The most anterior fasciculi of tlie Cd.2.pr., some half dozen
or so, slope ventrad and caudad to be mserted into the subcutaneous tissue over the outer end
of the hyo-mandibular. Behind these a narrow band of fasciculi is inserted into the quadrate
itself just below the joint with the hyo-mandibular cartilage. The most posterior fibres, also

quite a few fasciculi, are inserted behind these last into the hyo-branchial rays. Fibres

immediately behind these belong to the pars inscriptioaalis.

The anterior margin is in contact with the posterior margin of the levator hyoidei, but there

is no fusion ofthe two muscles ; they may be cleanly and readily separated from origin to insertion.

In Acanthias and Mustelu^ the muscles fit the general description given above.

B
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The Cd.i.pr. in Mustelus is somewhat peculiar in that it blends indefinitely with the hyoid
levator in front of it. Lightoller finds a cleavage plane parallel to the surface which divides
the levator into superficial and deep portions. The superficial portion he regards as the anterior
*' pars epihyoidos " of the Csd.2. The deep portion a!one he identifies as the levator. The
cleavage plane which he describes is undoubtedly present, but I am not able to satisfy mysell"
that it is not fictitious. With a view to determining this point I have dissected four individuals.

In the eight miiseles thus <iissected I have found a single clean cleav^e in four, two such in one,
and three such in three. In each case the anterior limit of the muscle was determined on each
side and the head was then cut right through in the transverse vertical plane immediately in
front of the muscle, then cut through in the same plane at the first gill slit. It was next divided
down the mid-sagittal plane. The muscle was then cleaned both on its superficial and deep
surfaces, and cleavage planes sought for. None was accepted as a clea\-age plane unless no
fascicuh were severed in the separation of the two portions of the muscle.

Both Vetter and Marion state that m Acanthias a large portion of the anterior fibres of the
Csd.2 are inserted into the doi-sal and posterior edge of the cjuadrate end of the palate quadi-ate.
Vetter and Marion described Acayithias viilyaris ; I have worked on the allied species A. mefjalopa
Macleay. In this form I find that only two fasciculi on each side are inserted mto the back of
the palate quadrate, and that the remainder pass deeply under the fibrous tissues, into which
they appear to be inserted, behind the jaw, and are either mserted into the bases of two or three
of the hyoidean gill rays or are continued ventrad into the pars profunda of the ventral constrictor
of the hyoid segment.

The apparent difference arises from the fact that both those authors regard the hyoid levator
as the anterior portion of the hyoid constrictor.

The Pars Epihyoidea.—This term was introduced by Lightoller to designate the anterior
portion of the dorsal constrictor sheet in the hyoid segment. As already stated, he regarded this
as the anterior portion of the superficial constrictor, whilst I have just been describing it in detail
as the pars profunda of the sheet, or the deep constrictor.

It is a fact that in a majority of the examples studied more or fewer of the fibres of the
muscle are inserted into either the outer end of the hyomandibular or the posterior edge of the
quadrate portion of the palatoquadrate or into both. The number of fibres so inserted is, however,
very variable and in some instances none of the fibres are so inserted. This variabihty, taken in
conjunction with the fact that throughout the whole of the batoid plagiostomes none of the
fibres of the pars profunda of the dorsal hyoid constrictor have an msertion onto either of these
two cartilages, leads me to regard the insertion as of entirely secondary importance.

In other words it is not regarded as an inherited featxn-e, but rather as an individually acquired
feature resulting from the mechanical or spatial contUtions imposed by the variations in the
skeletal structures.

B. Ventral —The interhyoideus is a narrow strapdike muscle which takes origin from a
relatively extensive length of the ventral median raphe under cover of and in contact with the
first ventral superficial constrictor. From this origin the muscle tapers to a short rounded tendon
which is inserted into the contiguous ends of the hyomandibular and eeratohyal cartilages. The
proportion of fibres inserted into each is variable, but the greater number in all the examples
studied are inserted into the lateral end of the eeratohyal.

The anterior margin of this muscle is always clearly defined and the separation of the muscle
from the overlying Csv.l is quite easy and definite, but posteriorly it becomes gradually fused
with the superficial layer. In some forms this fusion implicates the pars extramandibularis
of the first ventral constrictor, but m the majority of the examples it was possible to separate the
muscle completely therefrom. On the other hand, in no case was it possible to define the posterior
margin of this hyoid deep ventral constrictor from the anterior margin of the pars inscriptionahs
of the superficial ventral hyoid constrictor. This fact has led to the muscle being treated, by
previous observers, as the anterior portion of the superficial constrictor of the hyoid segment.

Undoubtedly it is part of the primitive constrictor sheet, but it is the deeper part, completely
comparable with the dorsal deep constrictors of the branchial segments, each of which lies in
continuity with the more superficial portion of its own sheet behind it.

The Hyoid Levator.

Sphyrtia (Fig. 4, B).—The hyoid levator in Sphyrna is an unique flat triangular muscle, with
a thin posterior and thicker anterior margin. It arises in common with the pars profunda of
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the Cd.2, though not extending quite so far back as that muscle. It has also an origin from the
vestigial autorbital process and from the perichondrium of the skull in front of this last. Its

fibres pass ventrad and caudad, but at an angle with those of the pars profuntla, to be in.serted

along the posterior half of the dorsal edge of the lateral surface of the hyomandibular cartilage.

The relation between this musole and the deep constrictor, superficial to it, at their origin

is of some interest. Actually they have preserved the relation of the branchial levator and deep
constrictor.

It will be remembered that the superficial dorsal constrictors arise from the fascia dorsalis,

but that the pars inscriptionalis of each is interrupted by a teudmous intersection which is

attached to the dorsal extrabranchial cartilage. Now, the levator passes down on the medial
wall of the branchial pouch taking origm above from the tendinous origin of the superficial

constrictor. It, therefore, passes, aufi is boimd to, the medial edge of the deep end of the extra-

branchial cartilage. The interbranchial muscle takes its origin from the inferior edge of this

same cartilage.

In the branchial segments the pi-esence of t he pharyngo-branchial cartilage limits the dorsal

extent of the giU pouch. In the hyoid segment of Sphyrna there is no cartilage to stay the
dorsal extension of the pouch which has therefore been able to rise internal to the levator as

well as the constrictor.

Pristiophorus (Fig. 5).—The hyoid levator in Pristiophoriis lies anterior to and parallel with
Cd.2.pr. Superficially it is in series with the constrictors, but extends more deeply. It takes
origm in front of Cd.^.pr. from the tendon of msertion of the trunk muscles into the skull, and
from the post-orbital process and the side of the auditoiy capsule, extending deeply, almost
to the ventrum of the skull behind the orbit. It is inserted onto the dorsal edge of the outer
two-thirds of the length of the hyomandibular cartilage. This is a thick fleshy muscle which
provides the full depth of the posterior wall of tlie spiracle lying between that cleft and the anterior
wall of the first gill pouch.

Innervation.—This is by two or three twigs which leave the hyomandibular ramus of the
Vllth nerve as it winds laterad, caudad and superficiad across its anterior surface under cover
of the skin, on the posterior wall of the spiracle.

ChiloRcyllimn (Fig. 6).—In Cliiloscyllium the muscle is placed in front of tlie pars profunda
of the constrictor, which, as already described, turns deeply in contact with its posterior surface.
The levator is a compact thick muscle which arises from the side wall of the auditory capsule and
passes cephalad, laterad and ventrad to the outer end of the hyomandibular cartilage. Its
relation to the spiracle and its nerve supply are as in Pristiophorus. In fact so constant is this
relation that it will not be repeated in the descriptions which follow.

Acanthias is essentially similar to Chiloscylliiim.

Mustelus.—In Mustelus the levator is not definable from the pars profunda of the constrictor
sheet behind it. For the purposes of description it is assumed that the fibre-s inserted into the
outer end of the hyomandibular alone are levator fibres. If this assumption be granted, then
we may briefly describe the levator of Mustelus as differing from that of Pristiophorus only in

that the peculiar backward extension of the tensor palpebrae muscles lies between the levator
and the skull, and occupies some of the space on the skull side wall that, in Pristiophorus, the
levator arises from.

The Hyoid Depressor Muscle (Innervated by spinal nerves).

The coracohyoideus muscle is in series with the components of the coracobranehialis. Tlie
origm is from the coracoid lateral to the origin of the coracomandibularis and from the aponeurosis
on the lateral and deep surface of this muscle. In some examples the origin from the coracoid
is only uidirect through the aponeurosis. The muscle is one of the largest of the hypobranchial
spinal muscles, and its insertion is on to the hyoid copula just behmd the lower jaw.

THE MUSCLES OF THE MANDIBULAR SEGMENT.
The Constrictors.

The excessive development of the middle adductor of this segment, to form the muscles
of mastication, has, apparently, been responsible for the complete suppression of the middle
fibres of both dorsal and ventral constrictors, so that they do not meet in the midline anywhere.
Further, the dorsal constrictor has been crowded against the levator so that the two muscles
are, at times, fused together.
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.4. Dorsal.—As might have been autieipated, this muscle is least modified in those forms

with the largest spiraoular apertures, such as Pristiophoru^. In this genus the dorsal constrictor,

Cd.l, takes the form of a well developed constrictor spiraeuU (Fig. 5, Cd.l). It is a thin sheet

of fasciculi which supplies the greater part of the thickness of the anterior and lateral wall of the

widely open spiracle. An arcuate ridge around the anterior and lateral edge of the spiracle,

formed by this muscle, is quite obvious before the skin is removed.

The muscle arises from the antero-lateral edge of the auditory eaj>sule below the post-orbital

process aixd in front of the origin of the M. levator hyomandibularis. From this origm the muscle

trends horizontally, first laterad, then caudad, and finally mediad round the outer margin of

tlie spiracle, to be inserted uito tlie hyomandibular just above and meiiially to the hyomandibulo-

palatoquadrate jomt.

In Acanlhias, Orectolobns and Brachaeiurus the Cd.l is essentially as in Pristiophor^is, but

in these other genera the spiracle is much smaller.

In Mustelus the muscle presents thvision into a more superficial aud «, deeper portion. The
former is again chvided into a superficial and a deep part. The last takes origin from the fibrous

tissue about the upper end of the hyomandibular cartilage, above and behind the spiracle and,

punning forward, terminates in a fine tendon which is inserted into the upper eyelid at the outer

posterior oanthus. The superficial portion is a much larger component, which takes origin

from the ventro-lateral portion of the occipital part of the skull deep to the origin of the second

levator. This also runs fonvard and its terniinal tendon i.s inserted into the lower eyelid, also

at the outer canthus.

The deeper portion of this muscle is closely adpressed to the levator maxillae superioris and

appears fused with it. Careful dissection reveals that superficially to the levator there is a

muscle which may always bo cleanly separated from it. The bulk of this muscle lies posteriorly

to the levator ; it arises from the posterior edge of the post-orbital process and is separately

inserted onto the outer margin of the upper surface of the palatoquadrate.

Mustelus is. in respect to its Cd.l, intermediate between the species with large spiracles and

those devoid of the spiracle. In these last, Sphi/rna and Carcharhimts, the whole of the muscle

is modified to act upon the eyelid ; in Mmtelus only portion is so modified.

Lightollor* (1939, p. 348) designates this the pars cranio-maxiUaris of the muscle and failed

to find the more normal part in Mustelus ; he failed to separate it from the levator {I.e. Pi. II,

fig. 6).

In Chiloscyllium the Cd.l is very similar to that which we have just discussed in Mustelus.

It is a small thin sheet of muscle which takes origin from the outer edge of the auditory capside

at the back of the orbit, and passes cephalad, latorad, and slightly ventrad, to be inserted into

the superior margin of the quadrate portion of the palatoquat-hate. Immediately in front of,

and deep to, it is the small first levator, separated by a short but quite definite interval.

Innervation.—^Norris and Hughes (1920, p. 337) state that in Squalus acayithias, "From
the dorsal border of the main trunk of the ramus raandibularis (V) shortly after leaving the

ganglion there are given off a few (three or four) small branches, which break up into nmnerous

small twigs, motor elements supplying the levator palatoquadrati aud spiracular muscles

This levator palatoquadrati can be none other than the levator maxillae superioris which, as

Marion has stated (1905), is confluent with the *' Csd.I '\ I have foimd a similar innervation

for the two muscles in Pristio'p/iorus, Chiloscyllium and Brackaelurus, and I find the large levator

maxillae superioris of Sphyrna to be similarly innervated.

My own dissection notes on Pristiophorus read as follows : The innervation (of the levator

maxillae superioris) is from the mandibular ramus of the Vth nerve by a relatively large twig

which leaves the ramus, just after that leaves the other rami, and pltuiges into the anterior surface

of the muscle. A fine twig of this nerve was followed right tlu-ough the muscle and found to

terminate in a twig that had been observed passing from the posterior surface into the Cd.l.

This confirms the fiixdings of Vettor (1874).

For reasons which are stated later, this Cd.l is regarded as being homologous with the deep

constrictors of the branchial segments, the interbranchial muscles.

• The pars nucho-maxillaris of Ltghtoller is the muscle which has bouii identified in this work as the M. adductor

hyoidei in Heterodontus. It is innervated by the facial nerve. This muscle hiis not been found in any Selachian,

but it is believed that its homologue is very generally present in the Batoids, wltere also it is innervated by the facial

nerve.
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B. Ventral.—The intormandibularis muscle of the selachians takes origin on each side from

the inferior and posterior edge of the lower jaw and is inserted mto a median ventral raphe.

In most instances it is possible to recognize anterior, intermandibularis, and posterior, extra-

mandibularis, portions of the muscle, Csv.la and Csv.lb^, The former takes origin entirely

from the edge of the jaw, M^hilst the Jatter extends laterad and dorsad over the cartilage of the

jaw to take origin in the aponeurosis of the quadrato-mandibularia. It sliould be understood,

however, that in most examples this distmction is more or less arbitrary and that no definite

line of cleavage between the two parts can be demonstrated.

More or fewer of the anterior fasciculi may be quite continuous from one side to the other.

I find this condition in Squalus and Brachaelurtis, and Lightoller finds a relativ^ely araphic portion

of the muscle in Mustelus and Orectolobu^. The araphic portion is not present in Carcharhinus,

Sphyrna or Pristiophorus. The presence of an araphic " M. submentaHs " developed from the

fiftli muscle plate in the great majority of the vertebrata above the Elasmobranchs gives to tliese

araphic fasciculi in some of the Sliarks an added importance and significance.

Innervation.—Th.G anterior and posterior portions of the muscle are both innervated from

the terminal twigs of the mandibular ramus of the Vth nerve. There is also some motor (?)

supply to the posterior portion from the ventral terminal twigs of the hyoid branch of the ramus

hyomaudibularis of the Vllth nor\-e.

The Levator.

As hi the segments behind, the levator arises in close association with the deep constrictor,

and in most instances the two muscles are inseparable at their origin. Actually the levator

takes its origin deep to and in front of Cd.l, from the side wall of the auditory capsule in the

majority of examples studied, but in some genera departs widely from this apparently more

normal condition.

In six of the eight selachians dissected the levator maxillae superioris is a relatively small

rounded, oval or flat muscle which arises from the side of the auditory capsule cither just in

front of the lateral angle so as to be within the orbit or just behind the orbit. From this origin

it passes ventrad commonly with an inclination laterad and oaudad to be inserted on the dorsal

surface of the palatoquadrate.

In Sphyrna (Fig. 4) and in Oarcharhinus, one of the forms dissected by Lightoller, the muscle

is much more extensively developed.

Sphyrna, (Figs. 4, 6 ; L.mx.s.).—The levator maxillae superioris is a massive flat triangular

muscle which takes origin from the posterior edge of the proximal portion of the inferior antorbital

process and from the side wall of the skull from that process back to the hyomandibular articula-

tion. This latter area, along the side of the sknll, is along the whole of the length where, normally,

the structm-es of the orbit are situated. The origin is placed above the exit of the optic nerve

and the origin of the extremely tenuous tendons of the oculomotor muscles. The lateral edge

of the muscle is quite thin at the origin and these lateral fibres nm almost directly caudad to their

insertion. The posterior, medial margiji of the muscle is thick and these fibres rmi nearly directly

laterad to their insertion. The whole of the fibres converge to an insertion onto the capsule

of the hyomandibulo-raaxillary joint and onto the quadrate in front of the joint.

Innervation.—This, in my experience, is always by twigs from the mandibular ramus of

the Vth nerve. This nerve always lies in front of the muscle altogether, or, as in such forms

as Sphyrna in which the muscle is more extensive than usual, it lies beneath the muscle. Tlie

maxillary ramus of the Vth nerve in these forms rmis to its destination between the levator

maxillae superioris, placed superficially or dorsaUy to it, and the pterygoideus, situated medially

or ventrally to it.

The Adductoe Muscles.

Two of the primitive adductors are recognizable in the mandibular segment, namely, the

epiarcual oblique and the middle adductor. It is believed that the former is completely

homologous with the pterygoideus muscle of higher forms, and it will be described imder that

designation. The middle adductor will be designated the quadrato-raaudibularis, a name
adopted from Lightoller. It is believed that it presents the fore-rimners of more than one of

the adductor muscles of the mandible of higher forms and, since the term adductor mandibularis

of Vetter, Marion and other previous workers includes that which I designate the pterygoid, it
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Beerned desirable to mako use of another name tiud one that had not been apphed to an}- of the

muscles present in the higher forms. Lightoller included the pterygoideus " under his designa-

tion, but, as it has not been generally adopted, its use is not so liable to convey a minr^onception

as would the use of any designation already generally adopted.

Tkk Pterygoidkus* (Epiakcltaj-. Oblique) Muscle.

This is the muscle wliich Vetter designated Add. (3 and to which Marion applied tlu; name
levator labii superioris, adopting a suggestion by Vetter that the muscle wevo more correctly

included among the superficial constrictor muscles. LightoUer (iescribes the muscle with the

quadrato-mandibularis and regards it as being an undifferentiated portion of the first dorsal

superficial constrictor. He designates it Csd.la.

Tjrpically, that is to say, in the majority of the examples studied, the pterygoid jnuscle

arises h'oin the ventriUTi of the skull in front of the mouth, usually from the nasal capsule or

from some process thereof. The origin is relatively extensive and the fibres converg<! to a tendon

which is inserted into the mandibular cartilage immediately behind the gape. This insertion

may extend down across the outer face of the cartilage to its median inferior edge. Always on

the outer, superficial, surface of the mandible, the insertion may be confined to the upper edge

or may be in part into tiiat edge and in part into the tendinous raphe which is commonly found

strongly develf)ped on tlie surface of the t(uadrato-inandibularis muscle or at close to the angle

of the gape of the jaws.

The muscle always presents two comptuxent, parts, which may be more or less completely

blended along their contiguoxis surfaces or may be reatUly and quite ch^anly separated along

those surfaces. At and close to their ijisei'tions the two ptu'tions are always blended.

In the majority of tJiose examples in whi<;h the superior labial cartilages are well developed

this pterygoideus muscle is intimately boinul to the upper of the two.

1x1 Acanthias megalops (Fig. 7) I find the pterygoideus muscle to be essentially similar to

that of Acanthias vulgaris as described by Marion. It takes origin from the inferior surface of

the skull to one side of the midline a little distance behind the nasal capsule. It is a rounded

muscle arul proceeds laterad with a slight curve cautlad till it reaches the angle of the gape ;

hero it crosses the palatoquadrate and terminates in a fine strong tendon which penetrates the

quadrato-manthbidaris, and becomes lost as it breaks up among those fasciculi of that muscle,

which are insort(5<l intt) the tissues of the side of the mouth. Near it s origin, the ventral surface

of the muscle is intimately boxmd to the upper labial (cartilage, whilst its concave posterior siui'aee

lies against the front of the palatoquath'ate.

The superior maxillary division of the fifth nerve crosses the muscle just behind its origin.

The mandibular division crosses the palatoquadrate some distaiuco fui-ther back and divides

into two branches, one of which passes ventrad in front of the quadrato-mandibularis and,

crosshig the tendon of the pterygoid muscle, ends in the deep fascia beneath the skin behind the

jaw and innervates the Csv. (Norris and Hughes). The other branch buiTows beneath the

adductor and will be described later.

Careful dissection reveals that the muscle is composed of two parts : ( 1
) A pais anterior

which arises as just described and which is inserted onto the anterior tip of the labial cartilage.

This portion is very short. (2) A pars posterior arising from the upper surface of the labial

cartilage and inserted as just described.

In Musfehts (Fig. 8) the origiii of the pterygoideus muscle is mucli more extensive : (i) from

the greater part of the posterior wall of the nasal capsule ; (ii) from the inferior surface of the

floor of the same capsule along a lijie, immechatoly in frojit of the attaclunent of the palatoquadrate

thereto, which extends froTu the lateral edge almost to the midlmo ; (iii) from the lateral edge

of the c-thmoirl process on the dorsmu of the palatoquadrate behind the nasal capsule. The
superficial fibres of the muscle are inserted into the anterior end of the metUan superficial raphe

of the quadrato-mandibularis ; the deeper fibres are gathei-cd into a fuio strong corddike tendon

which l)urrows beneath the supertifial fibres and is inserted mto the tissues of the side of the

mouth. When the muscle is released from its origin, it is found that the portion wliich arises

from the post<irior wall <>f the nasal capsule provitles practic^ally all the deep fibres and that this

portittn is incompletely separable from the rest, and further, tbat when that separation has been

effected, the appearance is that one has thus .separated a muscle which completely corresponds

* See (Jiscnssion oa this designation on p. 6(L
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with the pars anterior of Acanthias^ and that the remainder of the muscle is the pars posterior.

The superficial fibres take origin, not only from the other situations but alHo from a band of

tendinous fibre wliich couuects them and arches over the deeper portion without being bound

thereto. Fusion of the superficial and deep portions commences a short distance behind this

band and becomes more definite as the quadrate -mandibularis is approached.

The maxillary division of the fifth nerve crosses the sm'face of this muscle in front of the

band uniting the origins of its superficial portion. The mandibular division of tlie nerve phmges

out of sight between this rauscle and the quadrato-mandibularis mider cover of a strong band

of fibrous tissue which unites the muscle superficially along their line of cleavage. On separating

the muscles, the nerve is foimd proceeding backward and medially parallel to the cleavage plane,

imbedded in the anterior face of the quadrato-mandibularis, and her© it gives off the motor

branches to the muscle. At the angle of the mouth it crosses the tendon of the pterygoid muscle

and breaks up into its terminal branches to the tissues on the ventrum of the mouth and to

Csv.l.

Sphryna (Fig. 4, Pty.a., Pty.p.).—The pterygoideus in this form is very nearly completely

divided into its two components. The pars anterior (Pty.a.) is a relatively thick short muscle

which arises from a pocket formed, at the anterior end of the orbital region of the skull, by the

cranium itself medially, the lateral " hammer-head " process vontrally, and the inferior antorbital

process in front. Tiie muscle tapers rapidly as it passes caudad with a slight inclination laterad.

It is clothed on its median surface by the tendon into which its fasciculi are uiserted. The

tendon continues caudad, crosses the upper jaw in the fokl of the upper lip just in front of the

angle of the mouth. At tlie angle of the mouth it breaks up into a bmsh of fine tendrils which

attach it to the fascial structures of the quadrato-mandibularis, and of these especially to the

transverse raphe which crosses it from the gape to the Q-M, joints

The pars posterior (Pty.p.) arises from the lateral and inferior surface of the palatoquadrat©

for about the centre one-third of its length. It is a blunt-ended spindle-shaped muscle similar

to the pars anterior anil, like it, is clothed on the median and inferior surface by a tendon into

which its fasciculi are inserted and wliich seizes very efficiently to separate it from the pars

anterior for the greater part of their contaetual surfaces. The tendon is inserted into the super-

ficial raphe of the quadrato-mandibularis in common with that of the pars anterior. Most of

its fasciculi are inserted into its own tendon, but those arisiiig from the palatoquadrate clo.se

to the posterior end of the area of origin are inserted into the tendon of the pars anterior, which

lies ventral to it at this point. The dorsal surfaces of both parts of the muscle are in contact

with the ventral sm'face of the levator maxillae superioris.

Innervation.—This is by a branch of the mandibular ramus of tlie fifth nerve w^hich loaves

the main ramus just after that separates from the maxillary ramus.

Pristiophorus (Fig. 5).—Here, too, the pterygoideus is very completely divided into its two
components.

The pars anterior (Pty.a.) is quite a small group of fibres wliich arise by a fine tendon from
the apex of a spur which projects posteriorly from the middle of the inferior and posterior edge

of the nasal capsule. The tendon is contiitued down t he lateral edge of the muscle as well as

investing its tenuous apex. The fasciculi are inserted onto the lateral edge of the tendinous

investment of the posterior end of the pars posterior.

The pars posterior (Pty.p.) is a very massive muscle. It arises from the inner edge of the

spur from which the pars anterior arises, and from the lateral half of the inferior surface of the

nasal capsule and skull back to the articulation of the ethmoid tubercle of the palatoquadrate

with the skull. From this extensive origm the fibres pass caudad and laterad, converging to be

iioserted into a broad tendinous sheath which invests the medial and inferior surface of the
posterior one-half of the length of the muscle. This tendon lies against the inferior edge of the

lateral surface of the palatoquadrate, and anteriorly and medially the thick, roimded posterior

edge of the muscle lies in a broad sulcus on the anterior surface of the palatoquadrate. The
tendon passes behind the angle of the gape and is inserted onto the outer surface of the mandible
medial to the insertion of the quadrato-mancHbularLs.

Imieniation.—This is from the mandibidar ramus of the fifth ner\^e by a branch which leaves

the main ramus and crosses forward and ventrad onto the upper surface of the pars mediahs.
The main ramus rtms caudad and mediad along the posterior edge of the pars modialis and

then dips mider the anterior edge of the pars anterior of the quadrato-mandibularis along the

fissure between the two muscles. Behuid the single of the gape the muscles become intimately



24 MEMOIRS OF THE AUSTRALIAN MUSEUM.

blended and here the nerve burrows under the tendon of the pterygoideus and turns forward and
auperficiad. The motor twigs to the quadrato-mandibulan's are given off by the ner\^e whilst

it Hes in the fissure.

GhUoscyllium (Fig. 6).—This is one of the most interesting and instructive forms that have
been dissected. In this genus we find the pterygoid passing up onto the dorsum of the craniinn

just as it does in Chimaera and as in Neoceratodus and the Tetrapoda generally. Particular

attention is drawn to these several forms because it is beheved that there is no i-oom for doubt
that the pterygoidons muscle oiChiloscyllium is completely homologous with the other pterygoideus

muscles just described ; it is also beheved that the study of Chimaera and Neoceratodiis leads

us naturally to the identification of the same muscle in the Axolot and finally in the amphibians
and tetrapods generally.

The pars anterior is here much the larger of the two parts (Fig. 6, Fty.a.). It arises from
(i) the dorsum of the skull medially to the orbit and as far forward as the nasal capsule, (ii) fi*om

the front of the antorbital process, (iii) from the posterior wall of the nasal capsule, and (iv) from
the side of the skull between these last two. This remarkable massive muscle is clothed along

its postero-medial (deep posterior) edge by a strong tendinous sheath into which its fasciculi are

inserted. The tendon crosses the palatoquadrate behind the angle of the mouth, then erosse-s

Meckel's cartilage between the partes vontralis and posterior of the quadrato-mandibularis

muscle and is inserted into the inferior, postero-medial, edge of the cartilage.

The pars posterior (Fig. 6, Pty.p.) is a quite small muscle which arises from the lateral and
inferior corner of the antorbital process. The fibres of this muscle are inserted close together

onto the posterior edge of the tendon of the pars anterior as that tendon crosses the palatoquadrate.

Innervation.—This is by a branch of the ramus mandibularis of the Vth nerve wliich leaves

the main trunk just as that nerve reaches the upper margin of the palatoquadrate at the anterior

and inferior margin of the orbit. The main nerve then continues on its way against the anterior

surface of the quadrato-mandibularis and beneath the tendon of the pterygoideus and fibres of
its pars posterior. It burrows beneath the tendon of the pterygoideus and turns mediad and
superficiad.

The QuADRATO-MAKDiBrLABis (Mandibuiah Adductor) Muscle

In general terms this muscle may be described as a complexly aiTanged mass of muscle
fasciculi which arises from the quadrate portion of the palatoquadrate and are inserted into

Meckel's cartilage, and, indeed, it is essentially in this manner that previous workers have
described it.

The careful comparative study of many forms, however, leads one to the discovery^ that

there is, imderlymg the apparently orderless arrangement of the fibres, one fundamental plan.

Each of four component "parts " is quite definitely recognizable in more or fewer of the

types that have been studied. On the other hand, in no one of these are all four of those parts
completely separable one from the other, neither is there any one of thorn in wliich all the four
parts are not recognizable and definable to some degree at least.

In general terms the parts may be described as follows : (1) Pars posterior. This arises

from the posterior portion of the quadrate end of the palatoquadrate, and its fibres pass directly

across the axis of the Q-M. joint to be inserted on the posterior end of Meckel's cartilage.

(2) Pars mediaUs. The fibres arise from the deep surface of an aponeiu'otic sheet on the
surface of the muscle, which may or may not be attached to the cranium dorsally, and they may
be inserted onto Meckel's cartilage along its posterior edge or they may blend absolutely
inseparably with the fasciculi of the partes posterior and anterior which lie behind and in fi"ont of
them. When the part retains its inthviduality it may bo quite superficial and be inserted only
along the edge of Meckel's cartilage, or it may buiTow deeply between tlie other two parts to
an insertion on the outer surface of the cartilage.

(3) The pars anterior takes origin fi*om the quadrate in front of the pars posterior. Its

fibres, in the majority of instaiices, have an inclination to the plane of the palatoquath-ate arcade
as they pass ventrad, to be inserted into Meckel's cartilage in front of the pars posterior.

(4) The pars ventralis (Add. \l of Vetter). This portion is best developed ia those forms
in which the long axis of the jaws from joint to symphysis approaches most closely the long axis
of the body. The fascicufi arise from a fibro-tendinous strand which is attached behmd to a
superficial raphe which crosses the other three parts from the gape to the Q-M. joint, and, passing
forward subdermally parallel with the outer edge of the teeth, is attached to Meckel's cartilage
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at the symphysis. From this origin the fibres pass, with an inclination towards the symphysis,

to the distant edge of the cartilage. In short, this muscle lies in contact with the outer surface

of Meckel's cartilage in front of the angle of the mouth.

All these four parts are, in the majority of instances, fused more or less intimately along

their contactual surfaces. They are all posterior to the mandibular ramus of the Vth nerve.

This quadripartite condition of the quadrate-mandibularis muscle is foimd not alone in the

selachians, but also in the batoid elasmobrancha and in the heterodontids.

The significance of these parts will be discussed in the review and summary of the Elasmo-

branchs as a whole. I proceed to describe the quadrate-mandibularis as it was found in tiie

forms dissected.

Chiloscyllium (Fig. 6).—Pars anterior (Qm.a.). This has a Gbro-tendmous origin from the

anterior edge of the quadrate portion of the palatoquadrate. The fibres curve cephalad and

veatrad, and then ventrad, mediad and caudad to an insertion along the anterior one-half of the

ventral edge of the expanded part of Meckel's cartilage.

Ant.

Fig. 6.—Mandibular muscles of GhilosGyllium.

The pars medialis (Qm.m.) is represented by a vertically disposed group of fasciculi whose
surface appears as a narrow band of muscle behind the pars anterior, and whose fibres have a
general direction ventrad and caudad, taking origin from a superficial fascia and passing deeply
under the pars posterior behind. The upper fibres are inserted into the anterior surface of the
muscular ridge along the posterior border of Meckel's cartilage. Those arising lower down are
either blended with the pare posterior or inserted into the expanded portion of Meckel's cartilage

in front of the muscular ridge.

The pars posterior (Qra.p.) arises from the greater part of the lateral surface of the expanded
quadrate. The whole of the superficial fibres have a direction nearly horizontally caudad across
the outer surface of the muscle, the lower portions of these horizontal fibres arise from the pars
medialis. At the posterior border of the muscle these fibres all turn mediad and ventrad, and
are inserted onto the posterior surface of the muscular ridge at the posterior end of Meckel's
cartilage. The great bulk of the fibres, arising more deeply, pass ventrad and slightly caudad to
be inserted onto the outer surface of the expanded portion of Meckel's cartilage between the
ridge and the pars anterior.

The pars ventralis (Qm.v.) is quite small. It arises by a short tendon from the lower edge
of the palatoquadrate and the subdermal tissues at the angle of the mouth, just in front of the
tendon of the pterygoideus, and passing ventrad, mediad, and caudad, it crosses the mandible
and the pterygoideus tendon, to be inserted on the mandible just behind the insertion of the
tendon.
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Pristiophorus (Fig. 5).—The pars medialis (Qra.m.) arises from the innor Hiirfaoe of the

backwardly-projectiug antorbital process and from a strong superficial aponeurosis which is

attached to the upper margin of that process behind the orbit. The fibres pass cephalad, mediad,

and ventrad, to mingle indistinguishably with those of the underlying pars anterior.

The pars anterior (Qm.a.) arises from tlie lateral surface of the palatoquadrate as far forward

as the suboeular muscular process. In this origin it covers the whole of the lateral surface of the

palatoquadi-ate below the spiracle, except tlie narrow inferior strip against which the tendon of

the pterygoideus Ues. The insertion of these fibres is onto the lateral surface of Meckel's cartilage

behind the angle of the gape.

The pars posterior (Qm.p.) is not defi.ncd from the posterior portion of the pars anterior;

it arises from the quadrate portion of the palatoquadrate. Its fibres have a direction caudad

and ventrad, to be inserted onto the lateral surface and posterior edge of Meckel's cartilage.

The fibres having the latter insertion may be traced from their origin, which is along the dorsal

edge of the quadrate.

These three portions are so intimately blended that it was only the directional differences

of their fibres that enabled one to determine that tlie compact mass presented the usual divisions.

The pars ventralis is represented by a few fasciculi which arise from the anterior edge of the

tendon of the pterygoideus below the angle of the mouth, and pass to be inserted on the inferior

edge of Meckel's cartilage just in front of the insertion of the tendon.

In Sphi/rna (Fig. 4) and in Mustelus (Fig. 8) the obviovxs division is into i^arles anterior and

ventralis. When, however, the compact mass, which is apparently divided into upper and lower

portions by the superficial raphe (R), is detached and studied from the deeper sm'face, directional

differences correspondmg to the four usual divisions become apparent. In both of these forms

it is the pars medialis which is least definable.

Acanthias (Fig. 7).—This form was described by Marion and by him compared, not only

with those described by Votter, but also with Baja. If Acanthias vulgaris is similar to the species

I have dissected, it woidd appear that Marion failed to dissect and study the adductor muscles

from their deep surface, for his description is at variance with the conditions as I find them in

certain particulars.

Qm.v.

7,—Mamlibxiltir rmiscles of Acanthias.

Pars medialis (Qm.m.) is a relatively small portion of the muscle which takes its origin from

the very strong aponeurosis which covers the surface of the muscle in its upper portion. The

aponeurosis itself is boimd to the inferior margin of the spiracle and to the postorbital process.

The direction of the upper and more superficial fibres is caudad and vontrad to an insertion on

the posterior, and superficial, edge of the lower jaw below the Q-M. joint. The lower and more

anterior fibres pass more directly ventrad and deeply, to blend with the partes anterior and

posterior and to be inserted in the lateral surface of Meckers cartilage.

Pars posterior (Qm.p.) takes origui from the lateral surface of the quadrate and from the

posterior surface of its muscular process. The fibres take a ciir\'ed course around the upper

and under the ventral, superficial, portion of the pars medialis. Their direction is first ventrad
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and caudad, then ventrad, and finally cephalad. This direction is taken more by the fibres

which arise from the posterior surface of the muscular process and from the upper area of the

lateral surface of the quadrate, the deeper fibres passing more directly to the insertion. AH the

fibres are inserted on the lateral surface of Meckel's cartilage in front of the posterior insertion

of the pars medialis.

The pars anterior (Qm.a.) arises from tlie anterior surface of the muscidar process of the

palatoquadrate. The fibres ciu've in the opposite direction to the superficial fibres of the pars

posterior and the two have the mass of the pars medialis between them. Deeply the muscle

blends with the partes medialis and ventralis, so that its in.sertion is inseparable from them.

The pars ventralis (Qm.v.) arises in part from the tendon of the pterygoid and m part from

the strong fibrous tissues at and near the angle of the gape ; also it may bo said to arise from or

become the deep, insertional, continuation of the partes anterior and medialis. Omitting the

fibres thus blended with those parts, the msertion of those having independent origin is onto the

outer surface of Meckel's cartilage. Their direction is from origin mediad and cephalad.

The forward bulging of the anterior edge of the pars anterior and the blending thereof with

the upper surface of this pars ventralis has resulted in the complete submergence of the tendon

of the pterygoideus. In fresh specimens with quite soft muscles it was found, however, that

almost the whole length of the tendon could be brought into view without actually detaching

any muscle fibres from origin or insertion.

V3

Fig. 8.—Mandibular iiiusclcs of Mustelus.

The motor nerve to the quadrato-mandibularis separates from the rest of the mandibular
ramus of the Vth soon after that issues from the cranium. The main nerve then crosses the floor

of the orbit and reaches the median border of the pars anterior of the ciuadrato-mandibularis and
runs forward and laterad under the " overhang " of that muscle. At the angle of the mouth it

crosses the tendon of the pterygoideus and turns mediad, caudad, and superficiad. The nerve
to the quadrato-mantUbularis crosses the orbit behind the main ramus, and disappears under
the pars anterior at the base of the muscular process. It extends some distance into the muscle
before breaking up into its numerous branches. Tliore is a definite line of cleavage between the
pars anterior and the muscle behind it which is occupied by the ujidivided motor nerve before it

breaks up.

Marion's description mentions the origin of the pars medialis and the broad thin sheet of
fibres " related to it. He indicates the pars ventralis with the letter x ", but fails to describe
its relations to the other portions correctly or fully. Vetter's description (1874) is more precise.
He correctly describes and figures the pars medialis and figures the superficial portion of it

(Add. y).

Heptanchus was described by Vetter (1874) and one may recognize in his description and
figures that all four parts of the quadrato-mandibularis are present in that form. His Figure 1

quite clearly shows partes mediaUs {Add. y) and ventralis, and the blended partes anterior and
posterior.

2. Heterodontus (Pigs. 9-14).

I have had for dissection five large specimens of H, portus-jacksoni, for which my thanks are
due to the Director of New South Wales Fisheries Department.
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THE MUSCLES OF THE BKANCHIAL SEGMENTS.
The SiTPpjRFiciAL Constbictors. (Figs. 9, 10.)

A, Dorsal.—These are completely similar to the partes inscriptioualis and arcuata of the
<lorBal superficial hyoid constrictor, which will be described later.

B. Ventral.—Each of these may be regarded as taking origin at the mid-lateral line, where
it is uninterruptedly continuous with the corresponding dorsal constrictor. The fibres pass
ventrad and mediad. Those of the pars arcuata become bound to the outer end of the ventral

extrabranchial cartilage as they cross ventral to it ; they then turn caudad slightly and become
inserted onto the perichondriimi of the coracoid between the insertion of the coracohyoideuB
and pectoral muscles. The fibres of the pars inscriptionalis also turn caudad and mediad ventral

to the floor of the gill pouch. These are inserted into the aponeurosis of the coracomandibularis
near its insertion onto the coracoid. These fibres of Csv.3 fuse with fibres of the pars arcuata
of Csv.2. Fibres in front of these, that is, deeper into the gill pouch, which turn forward and are
inserted into the extrabranchial cartilage are portion of the interbranchial muscle, for, if they be
followed up into the vault of the pouch, it will be found that they are attached to the dorsal
extrabranchial deep to the decussion with the Csv.2. Csv.4, 5 and 6 differ from Csv.3 only in

that the ventral insertion is entirely into the coracoid.

EETERODONT US.

Branchial Segment. Hyoid Segment. Mandibular Segment.

Superficial
Dorsjil . . Csd.a-6 Csd.2a and C.sd.2b Absent.

Constrictors.
Ventral Csv.3-6 Csv.2a and Csv.2b Osv.la and Csv.lb

Beep
Constrictors.

Dorsal . . Opr.3-6 Csd.2 pars profunda

(C.pr.2)

Levator maxillae

Vential .

.

Absent Tnterhyoideus Absent

Levators .

.

Absent Lpv.2 Absent

Epibranchial

AI>sent Absent

Dorsal .

.

Ep.Ob.3-6 Absent rterygoidens

Adductors. Middle .. Add.arc.br.3-6 Retractor mandibulae

(add.by.)

Quadrato-mandibularis

Ventral .

.

Absent Absent Absent

Depressors t'o.br.:i-lj Coraco-liyoideus Absent

Hypobranehial Spinal Muscles

The Deep Constrictors. (Fig. 10.)

A. Dorsal.—The first interbranchial muscle, Cd.S.pr., third deep constrictor, takes origin

above from the first dorsal extrabranchial cartilage. It is a thin sheet of fibres which lies against
the anterior surface of the deep ends of the gill rays. The fibres run an arcuate course from
origin to insertion onto the inferior extrabranchial cartilage. For the most part the fibres run
parallel with the contigxious margin of Cs.3. Both above and below there is a small quadrate
area of the muscle whose fibres are attached to the epibranchial and ceratobranchial cartilages

respectively. These are parallel with those of the rest of the muscle, so that the effect produced
is as though the acute angle these two cartilages make, one with the other, had invaded the
interbranchial muscle and interrupted the continuity of the deep portion.

The reraauiing interbranchial muscles are essentially similar. The last two present similar

relations but with absence of the extrabranchial cartilages.

There are no ventral deep constrictors in any of the branchial segments.
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The Levators.

Whilst there are no levators, the arrangement of the deepest part of the deep constrictor is

such that it is capable of acting as a I(?vator. The superficial dorsal constrictors take their origin

from very strong fine strands of fibrous tissue which in turn take origin from the septum between

dorsal and ventral trunk muscles. The dorsal trunk muscles are considerably more massive

than the ventral ; tho origin of tho superficial dorsal constrictors is from the ventro -lateral aspect

of the trunk muscle mass, close above the vaults of the gill pouches. The imier ends of the

dorsal extrabranchial cartilages, from which, in other elasmobranchs, the lev^ator muscles largely

take origin, are bound to the ventral surface of the tendinous origins of the dorsal constrictors,

and thus each is brought quite close to the dorsum of its respective arch. Just distal to tho inner

end of each extrabranchial cartilage we find a small quadrate piece of the deep constrictor which,

taking origin from the extrabranchial, is inserted onto the epibranchial cartilage (Fig. 10).

Whether this piece of the deep constrictor is capable of acting independently cannot be

stated, but it is fairly obvious that under such circumstances it would act as a levator, and we
may, therefore, regard it as demonstrating a stage in the evolution of the levator muscles from the

deeper portioa of the deep constrictor sheet.

Epibranchial Spikal Muscles.

Each of these four muscles takes its origin from the outer, dorsal, sin^ace of a pharyngo-
branchial cartilage near its postero -lateral margin. From this origin the fibres pass cephalad,

covering the greater part of the surface of the cartilage of origin, and converge somewhat to be
inserted onto the deep surface of the pharyngobranchial cartilage in front (Fig. 11).

The Adductor Muscles.

A. Dorsal.—There are four obliqiie epiarcual muscles, which he in the angles between the
pharyngo- and epibranchial cartilages. Each takes origin from the proximal end of the pharjTigo-
branchial and is inserted along nearly the full length of the posterior edge of the epibranchial
cartilage of the same arch (Fig. 11).

B. Middle.—Each of the foiu* addiictores arcuum branchialium takes origin from a short
length of the epibranchial cartilage close to the middle joint of the arch, and is inserted in a
similar length of the ceratobranchial cartilage (Fig. 11).

There are no ventral ad<luctors nor are there are ventral interarcual muscles m any of the
branchial segments.

The Depressor Muscles.

The coraco branchialis muscle is described in connection with the hypobranchial spin£il

muscles (Figs. 12, 13).

The Hypobranchial Spinal Muscles,

When the ventral superficial constrictors and the deep hyoid constrictors are removed, the
only muscle which is brought into view is the coraco-mandibularis. This is a relatively thick
muscle which rises from a crescentic area on each side of the ventral sm'face of the coracoid and,
narrowing as it extends forward, is inserted into the angle between the lower jaws (C-g., Figs.
12, 13). If this be detached in front, and on one side behind, and thrown back and to one side,
practically the wliole of the muscles rising from the coracoid will be brought into view.

The anterior coraco -branchialis rises from the deep aponeurosis of the coraco-mandibularis
on either side of the midline immediately in front of the coracoid. The muscle is inserted alongside
of its fellow of the otlier side, onto the junction of the hypohyal and first hypobranchial cartilage.
There is no attachment to the floor of the pericardium, the insertion being well forward of tho
anterior limit of that cavity.

This muscle may be the " coraco arcuaUs communis '* of Marion's descriptions ; it is,

however, absolutely in series with the other coraco-branchial muscles lying between the two
coraco-hyoideus muscles and beneath the coraco-mandibularis. Were it not for the fact that
it is completely separated from the rest of the muscles, doubt as to its complete serial homology
would not arise.
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The coraco-hyoidews muscle (C-h.) arises from the coracoid beneath the outer half of the
area of origin of tho coraeo-mantUbularis on each side

; just anterior to its origin the muscle
passes in contact with the lower end of the first extrabranchial cartilage and is firmly bound
thereto, and receives fibres from the first interbranchial muscle which also is inserted onto that
cartilage. Tho muscle extends mediad, cephalad, and dorsad, beneath the edge of the eoraco-
mandibularis, with the anterior coraco-branchial muscles lying medial to it for about half its
length, and its fellow of tlie opposite side in front of them. It is inserted onto the ventral face
of the medial end of the eerato-hyal cartilage.

The coraco-branchial muscles rise from the antero-ventral edge oi' the coracoid along the
boundary of the pericardium. The inseparable posterior components are inserted onto the
ventral suj'face of the cardio- branchial along tho lateral and antero-lateral border. The remaining
members of the set are inserted onto tlio ventral surface of the first three hypobranchials.

THE MUSCLES OF THE HYOID SEGMENTS.
The StrpERFiciAii Constjiiotoes.

A
.
Dorsal (Fig. 9).—There is an intimate fusion between the successive superficial constrictors

of the branchial region, especially so dorsally.

CflV, 6t.

Gsv.2t). Csv.jb.

Fig. Q.—HefemhuituB portusjackeovi. Latf^ral view of n superficial rtisseotion.

The first of these is tho hyoid {Csd.2). This takes origin from the hyoid levator and from
the aponeurosis of the lateral trunk muscles. The most anterior fibres, those arising from the
levator hyoidei, are deeply placed and lie against the pseudo hyoid cartilage from which the
hyoid gill rays spring. Those immediately behind these lie more superficially against anterior
to, the deep portions of those gill rays. These fibres arise from the fascia dorsafis and are
umnterrupted throughout their length. The fibres behind these, lying against the outer ends
ol the gill rays, are interrupted at the first doi-sal exti-abranchial cartilage. This lies oblique to
the axis of the body above the first gill pouch at tho cozifiuence of the anterior (superficial) and
posterior (deep) walls. The fibres of Csd.2 which we are dealing with take origin quite deeply
from the aponeurosis of the trunk muscles above, behind and medially to the extrabranchial
cartilage. Their direction from their origin is laterad and slightly cephalad and ventrad, and
they are mserted into the perichondrium of the cartilage. From the other side of the cartilage
two other sheets of muscle fi^scicnli take origin, a superficial and a deep sheet. The superficial
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sheet consists of the fibres of the Csd.2 wliich lie against the outer ends of the hyoid gill rays.
The deep fibres are portion of the first iuterbranchial mnscle, Ctl.3.pr. The last and most posterior
series of fibres of Csd.2 is completely rahigled with Csd.3 fibres at their origin. They arise in
pai-t ffom the fascia dorsalLs, aponem-oses of the trunk muscles, and m part from the lower edge
of the second dorsal extrabranchial cartilage. They pass down in the anterior wall of the first

gill pouch between the outer ends of the gill rays and the edge of the giil cleft. Unlike the last

series of fibres these are not interrupted by the first dorsal extrabranchial cartilage. On the
other hand, the continuation of tlie liiie of that cartilage corresponds to the dorsal fornix of the
gill pouch and ends at the top of the cleft, and here there is a division into two sheets of fasciculi,

a superficial and a deep, just as was foimd further forward. The superficial sheet is composed
of the posterior series of Cs<l.2, the <leep sheet of the anterior series of Csd.3 (the pars
inseriptionalis)

; these lie in the posterior wall of th(! first pouch under rover of the anterior
wall.

The first portion of Csd.2 is to be regai'ded as serially homologous with the interbranchial
muscles and will be designated the second deep constrictor, Cd.2.pr. It lies against the arcuate
pseudo-hyal cartilage and the deep ends of the gill rays, and its fibres are not intennipted by
the extrabrancliial cartilage. The second portion we will designate the pars inecriptionalis,

Csd.2a, the third will be the pars arcuata, Csd.2b.

These last two designations are, of course, adopted from LightoUer, but if confusion is to be
avoided it must be clearly realized that his C3d.:ib and Csd.2c correspond to my Csti.2a and Csd2b,
and LightoUer's ''pars epipliyoidea. Csd.2a " to my Cd.2.pr.

Each of the remaining superficial dorsal constrictors presents portions which correspond
absolutely to Csd.2a and Csd.2b, and may bo described in all then* relations to the successive
dorsal extrabranchial cartilages and gill pouches by simply changing the numbers in each ca,se.

There are, however, no extrabranchial cartilages in the superior forniees of the last two pouches—
slight tendinous interruptions take their places.

B. Ventral.—The superficial ventral hyoid constrictor presents features not found in any
other elasmobranch. The muscle takes origin from the ventral median raphe. The pars arcuata
arises superficially behind the extramandibularis portion of Csv.l, the pars mscriptionahs takes
origin under cover of that same portion of Csv.l. The fibres of the pars arcuata are parallel
with those of Csv. 1 but those of the pars inseriptionalis incline forward, crossbig the more superficial
fasciculi at an acute angle. This difference of direction permits of the separation of the two
muscles, but only by the most careful dissection, for they are very closely boimd together. The
fasciculi of the pars inscriptionaUs are inserted into the posterior edge of the lower jaw under
cover of the posterior fibres of the pars extramandibularis of Csv.l ; this insertion is by a strand
of fibrous tissue to which the muscle fasciculi converge. The pars arcuata is continued dorsally
into the pars arcuata of Csd.2.

Thk Deep Hvom Contstrtctors.

A. Oor^a/.—This muscle has been described in connection with the Csd.2.

B. Fen/ra/.—The interhyoideus muscle takes origin from the ventral median raphe under
cover of the intermandibularis portion of Csv.l ; this origin extends from the anterior limit of
the origin of Csv.2a almost to the symphysis. The muscle is fan-shaped, the fibres converging
to be inserted onto the ventral edge of the ceratohyal not far from the jomt with the epihyal
and just medial to the meihan end of the pseudohyal cartilage. The posterior margin is, for most
of its length, in contact with the anterior margin of Csv. 2a.

The relations of the two portions of the hyoid superficial constrictor to one another and
to the deep constrictor, and the relations of all three to the mandibular ventral constrictor in
Heterodontus present quite accurately that prunitive arrangement of the constrictor sheets
which is observ^ed throughout the elasmobranohs in the arrangement of the dorsal homologues
in the branchial segments.

The Hvoid Levator. (Fig. 9, Lev.hy.)*

The very prunitive hyoid levator has its origin from the auditory capsule. This origm is,

without any tendinous assistance, from the lateral ridge of the capsule above the attachment

' -LightoUer (1930) has designated this muscle pars nucho-maxillaris of the first (mandibular) dorsal constrictor-
it IS the Csd.lc of his description.
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of the oto-hyoid ligament. The fibres pass ventrad, laterad, and cephalad, to be inserted directly

into the hyomaadibular cartilage behind and deep to the belly of the adductor hyoidei muscle.

The Hyoid Adductor. (Fig. 9, Add.hy.)

B. Middle.—The adductor hyoidei is that muscle which, in some other elasmobranchs, has
been termed retractor mandibulae. In common with the branchial adductors it takes its origin

from the anterior edge of the epiarcual element, hyomandibular. The origin extends onto
the lateral surface of the cartilage. Some of its more superficial, and posterior, fibres take origin

Csd.2b(c)

Ex.br. G.v. F.I..
Csv.2b(c)

.

Fig. 10 —Heterodontus. The anterior view of the posterior wall of the first gill pouch. The
hyoid constrictor sheet has been dissected off, and the muscles which lie in the floor of the gill pouch,
and which turn mediad almost at right angles to the plane of the rest, have been represented as
turned down into the same plane.

Fig. 11.

—

Heterodontm. Two branchial arches.
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from the very strong oto-hyoid ligament, which, firmly attached to the hyomandibular above
and behind the muscle, passes to the lateral ridge of the auditory capsule just above the incisura

venae capitis lateralis. From this origin the fibres pass laterad, cephalad, and vontrad to a
fleshy insertion onto the capsule of the Q-M. joint.

Innervation.—Tliis is by a twig from the hyomaudibular ramus of the Vllth nerve.

There is no ventral adductor and no ventral interarcual muscle in the hyoid segment, and
the coraco-hyoideus has been described along with the hypobranchial spinal muscles.

THE MUSCLES OF THE MANDIBULAR SEGMENT. (Figs. 9, 14.)

The Superficzax CoisrsTRiCTORS.

A. Dorsal.—Immediately in front of the spiracle on removal of the skin, one displays the

outer edge of a muscle whose anterior surface lies more deeply. This, which is regarded as
representing the whole of the derivatives of the dorsal constrictor sheet of the mandibular segment,

takes origin from a short line immediately above and internal to the oto-hyoid ligament. From
this origin the mTisele passes laterad, oephalad and ventrad to a much wider insertion onto the
dorsal edge of the palatoquadrate. The superficial fibres pass most directly laterad. and the

deepest have the greatest inclination cephalad.

The superficial portion of this muscle is, it is believed, unquestionably the primitive constrictor

sheet. The deeper portion corresponds just as unquestionably to the mandibular levator of
the selachians.

In all the segments behind, it has been obsei-A^ed that the deep constrictor (and its dorsal

and deeper portion which is apparently capable of acting as a levator) form one continuous
sheet.

Here again, then, it appears that Heterodontus presents the retention of primitive features.

Whilst it is quite impossible to define the muscles, it is probable that this, which we designate
Cd.l, truly represents also those other muscles.

B, Ventral.—The Csv.l muscle presents, on either side of the median ventral raphe, no
division into a and b but, on the other hand, the anterior portion is inserted into the ventral
and median edge of the lower jaw, whilst approximately the posterior half is inserted into a
strong fascia which is continued up and over the surface of the jaw. Partes inter- and extra-

mandibularis are therefore recognizable, and definable by the insertion (Csv.la, Csv.lb^).

The Mandibular Adductoks. (Figs. 9, 14.)

The adductor mass of Heterodontus is particularly complex and it was at fii-st thought that
the mass included both superficial and deep constrictor components. Later comparisons with
the adductor masses of the various selachian and batoid forms which I have been enabled to
dissect have convinced me that there are representatives of the dorsal and middle adductors only.
Comparison is iiavited particularly with the adductor muscles o£ Mustelm, Acanthias and especially

Chiloscyllium, which present two degrees of complexity, whilst Heterodonlus is regarded as
presenting a third, more complex than the last. In considering the mteiprotation to be placed
upon the parts of this muscle, it is necessary to keep in mind the fact that the palatoquadrate
has been brought into much closer union with the base of the skull than in any of the selachian
or batoid olasmobrazxchs. This close approximation and imion has permitted the transfer of
muscular origins to skull areas which were not mechanically suitable in the other forms. Xot
only is this so, but the extraordinary increase in size of the palatoquadrate and its very close
imion with the skull below and in front of the orbit has covei-ed those areas wdiereto muscles are
attached ux the selachians, and, as it were, necessitated new origms; for these muscles.

The pars anterior of the ptorygoideus (Pty.a.) (epiarcual oblique raancUbuIar or dorsal
adductor muscle) takes origin from the posterior subdermal edge of the nasal capsule and from the
subdermal edge of the cranium for a short distance behind the capsule. Its fibres converge
to a relatively broad flat tendon wliich does not burrow mto the adductor maudibidae but becomes
ctmtinuous with the superficial aponeurosis of the adductor. As in the selachians, this muscle
is crossed by the superior maxillary branch of the fifth nerve between its origin and insei-tion.

The pars posterior (Pty.p.) arises more deeply, under cover of the pars anterior, from the
side wall of the cranium, its origin extending back ahnost to the anterior margin of the orbit.
Anteriorly it arises from the hmer portion of the posterior wall of the nasal capsule. It has the
superior labial cartilage imbedded in its deeper and anterior part, and some of its fasoieuh take

c
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origin from the tough investment of the cartilage. Its deep surface is incompletely covered by

a tough fibrous membrane which is loosely attached to the submucous tissues of the wall of the

mouth between the jaws. Its fasciculi pass almost directly ventrad to be inserted into the

upper edge of the lower jaw and the tissues of the side wall of the mouth just behind the angle

of the gape. The posterior deep edge of the muscle is clothed by a strong tendon into which the

bulk of its fibres are inserted, and it is this tendon particularly which is inserted onto Meckel's

cartilage.

CSV. la. CSV, lb2

rig. 12.~Heterodontus. A deep dissection of the floor of the mouth, seen from below. 1. Right head
of the m. coraco-mandibularis, cut free and turned back. 2. First ventral interbranclual cartHage. 3.

M. coraco-branchialis. 4. Left head of the m. coraco-niandibularis. 5. First slip of the m. coraco-branchialis.

6. M. coraco-hyoideus. 7. Ceratohyoid cartilage, 8. M. interliyoideus, cut free from the mid-line and
folded back. 9. Hyoidean and pscudoliyoidean gill rays. 10. First gill slit. 11. Body of the m. coraco-

mandibularis cut free from the symphysis and pulled to one side. 12. Symphysis of the lower jaw.

Fig. 13.

—

Heterodontus. A dissection of tlie coraco-branchial and coraco-mandibular muscles seen from
the mid-line. I-V, the basibranchial cartilages. A, B, C, D & E, the several sUps of the m. coraco-branchialiA.
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InnervaMon.^Thie is by two brain^hes from the. inancUbular rarniia of the Vt,h nerve which

leave the maui nerve before it crosses the anterior inferior border of the orbit.

There is a httle doubt as to whether it is the more superficial or tlie deeper part of this muscle

which truly represents the pars anterior of the typical selachian muscle.

The mandibular ramus of the Vth uerv^e issues from the orbit along a deep fissure betweeii

the pars posterior of the pterygoideus and the pars anterior of the quadrato-mandibularis. After

giving off the motor twigs to the quadrato-mandibularis, the nerve tm-ns superficiatl and crosses

the tendon of the pars anterior of the pteiygoideus.

As in the selachians, except just before their insertion onto Meckel's cartilage, there is no

fusion between the contactual surfaces of the ptei'ygoideus and the pars anterior of the quadrato-

mandibularis.

V.l.c. Pt.m

i.a.

Qjn.v

Fig. 14.

—

Heterodontus. A licfp dis.seftioii of t1i(- inandilmlar runscles.

The Qqadrato-mandibularis Musclk. (Figs. !), 14.)

Pars mediaUs.—This portion of the muscle has largely lost its identity. The svu-face of the

main mass is invested in a very strong superficial aponeurosis which, instead of being continued

lip onto the antorbital process, is firmly attached above to the superfieial edge of the arch of

the palatoquadrate below the posterior half of the orbit. This gives origin to a considerable

proportion of the fasciculi of the muscle, and is to be regarded as representing the pars medialis.

Pars miterior (Qm.a.).—^From the arch of the palatoquadrate below the anterior half of

the orbit, a mass of thick fasciculi take origm and swing cephalad and ventrad, and then \'entra(i

and caudad, to be inserted into Meckel's cartilage immediately behind the pars medialis of the

pterygoideus. These clearly constitute the pars anterior of the muscle.

Pars posterior (Qm.p.).—The fibres arise from the palatoquadrate under cover of, and are

immediately blended with, the medialis and pass ventrad to be inserted into the expanded
posterior part of Meckel's cartilage.

The pars ventralis (Qm.v.) fibres arise from the deep tissues of the inner wall of the mouth
around the gape and behind the fold of the lower lip. They are inserted onto the outer surface

of Meckel's cartilage in front of the insertion of all the other portions. Some of the fibres of this

part arise from the deep surface of the tendon of the pars anterior of the pterygoideus ; they
are the longest and most posterioi- fasciculi of the muscle, and their insertion is posterior and
superficial to the tendiiious insertion of the pars posterior of the pterygoideus.

The extent of fusion of the deep fibres of the pars anterior and the posterior fibres of the

pars ventralis with the pterygoideus muscle is rather in excess of the normal as presented by
the selachians generally, but not greatly in excess of the fusion in such a form as Pristiophorus,
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3. The Batoidei.*

I have had for dissection one very large specimen of Dasyatis brevicaudatus Hutton. one
specimen of Raja australis Maeleay, three specimens of Urolophus iestaceus Mull. & Henl., one
specimen of Hypnarce subnigra Dumeril, and one of Taeniura lymna. For the specimens of
Raja and Taeniitra I have to thank the Trustees of the Australian Museum and the former
Director, Dr. C. Anderson. For the others I have to thank various fishermen friends.

The Dasyatis was the first dissected and described. Raja being compared with it at each
stage of the dissection. These two are, therefore, described at length. Such differences as
called for note, observed in the dissection of the other forms, are recorded later.

I would at the outset draw attention to the discovery of two veritable glosso-pharyngeal
muscles innervated by the facial nerve in Dasyatis. It is not proposed to anticipate a later

section by discussing their bearing on the evolution of the cranio-glossal and hyo-glossal muscles

THE BATOIDEI.

Haja (R.) and Dasyatis (D.).

Branchial Segments. Hyoid Segment. Mandibular Segment.

Dorsal .

.

Superticial

Constrictors.

Ventral .

.

Csd.3-6. R.D.
Csd.2b. Levator

rostri. R.D.

Csd.2c, R.D.
Absent

Csv,;3-6. R.D.
Csv.2b. depr.

rostri. R.D.
Csv.2c. R.D.

Csv.la and Csv.lb

Dorsal .

.

Deep
Constrictors. Ventral .

.

C.pr.3-6. R.D. C.pr.2. R.D. Lev. max. sup.

Sub.arc.tr.3-5.

R.D.
Interhyoideus. R.D. Lev. palati

Levators .

.

Lev.3-6. R.D. Lev.2. R.D. Absent

Epibranchial Spinal
Muscles.

3-6. R.D. Absent Absent

Dorsal -

.

Adductors. Middle .

.

Ventral .

.

Ep.ob.3-G. R.D, Ep.ob,2. Lev.hyo-

mandib. R.D.
Pterygoideus

Add.arc.br.3-6.

R.D.

Cranio-glossns. D.

Absent. R.
Quadrato-mandibularis

Absent. R.D. Hyoglossus. R.D. Absent

Depressors Co.br.3-6. R.D. Co-hy. Absent

Not accounted for NU Nil Mandibulo-labialis

MaxiUo-Labialls

Hypobranchial .

.

* Daayatis was tlie ftrst of the large subjects that I stained prior to dissection. Some time previously, whilst at
work on the development of the selachian muscles, it became necessary, in checking a dissection, to work on a specimen
whicfi had been stained with picrocarmine for sectioning purposes. It was found that the muscles and nerves had
taken a macroscopic differential stain that made the dissection remarkably easy. This naturally led to the staining
of all small specimens before dissectiou, and later to similar treatment of the larger subjects. The ease and confidence
with which one can follow the finer nerve twigs after the staining needs to be experienced to be realized. The staining
proceeds much more rapidly and satisfactorily after skinning, but if superficial nerves are to be studied the specimens
should be stained for about a week before skinning. I use 50% alcohol saturated with picric acid and rendered alkaline
with potash, and then add sufficient Grenacher's alcoholic borax carmine to give the sohitiou a dark red colour. More
carmine may need to be added as the specimen absorbs the colour. The use of the picric acid has tlie advantage of
greatly deodorising the specimens, and the disadvantage of staining the fingers. But one early learns to put on one's
gloves before handling the specimens. If the specimens have been long preserved and are darkened by age, the results
are not so satisfactory. The carmine stain fails altogether, the picric acid alone is useful ; it differentiates the nerves,
but not nearly so well as in the fresh specimens. This staining is useful only if the muscles are white.
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of higher vertebrae, but rather to invite a more critical exaniiiiation of the interpretation of

their serial homology' with muscles of the branchial arches which is offered here.

Ill the Bays we find two muscles, iindoubtedly hyoid, in front of the hyoid visceral eleffcj

the spiracle. In these fishes wo have an imdoubted division of the muscle sheet by the spiracle.

It would seem, however, that the portion anterior to the spiracle has resulted from a secondary

up-growth from the plate which, primitively, was situated behind the cleft after the closure of

the ventral end thereof.

There is ample evidence of such a forward growth of the hyoid muscles m the history of the

development of the Teleostomes, e.g. the adductor areas palatins. We, therefore, explain these

prespiracular hyoid muscles as much modified forms of the speciahzed deep muscles found in

branchial arches.

As in the other subsections, I preface the description of the muscles by their tabulation,

THE MUSCLES OF THE BRANCHIAL SEGMENTS.

The SupEKFiciAL Constrictor Mttscles.

Dasyatis.—The dorsal and ventral constrictors are in series, one behind the other, presenting

the appearance of a longitudinal miiscle with a series of transvei-se tendinous intersections. The
direction of the component fasciculi is antero-posterior with an inclination latere -caudad. On
the dorsum the series is firmly attached medially to the fascia dorsalis, and is limited by that

fascia. Inasmuch as the fascicuh strike that fascia with an inclination eephalad and mediad,

the medial Umiting fasciculi take origm from it. Laterally the dorsal constrictors appear to

be limited by the fascia which binds the heads to the embracing propterygia. This, however,

is not the fact. The dorsal porimysimn, only, of each muscle is bomid to that fascia, the muscle

itself continuing imuiterruptedly down the side of the head against the propterygium and its

dorsal and ventral superficial tissues and muscles, until the ventral deep fascia is reached. Into

this deep fascia the limiting fasciculi are inserted with a eandad and ventrad inclination. From
the ventral and medial side of this limitation of the dorsal constrictors the fasciculi of the ventral

constrictors take origin. There is a very definite, though narrow, tentUnous interruption between

the two sets of fibres along this line. But for this interruption the two muscles would be quit©

continuous, for their component fasciculi are absolutely parallel. Medially the ventral constrictors

are inserted into the deep surface of the ventral deep fascia* beneath the depressor rostri in front

and the tendon of the longitudmal muscles further back.

Each of the superficial constrictoi-s* takes origin in ivoixt between its medial and lateral

margins from a tendinous interruption in the iiiterbranchial septum between it and the inter-

branchial muscle (deep constrictor) and is inserted into a similar interruption in the interbranehial

muscle wall behind. It is the dip ventrad or dorsad to reach this interbranehial intenoiption

which, superficially, presents the appearance of a tendinous interruption between the successive

muscles.

The sixth dorsal superficial constrictor is inserted posteriorly into the fascia <iorsalis and the

deep tissues in front of the base of the propterygium.

The sixth ventral constrictor has a much more mteresting insertion. Tlie muscle disappears

from supei'fieial view beneath, i.e., dorsal to, the lateral edge of the coraco-arcualis commimis.
Under cover of tliis muscle it passes ventrally to the pars posterior of the coraco-branchialis,

folds dorsad round the medial border thereof^ and is inserted into the perimysium on its medial
surface ; this insertion is one of the factors which gave rise to the view expressed in the last

footnote. We have here a superficial muscle, which must in the primitive condition have been
iixserted mto the superficial fascia, presenting an insertion deep to the invadin.g spinal muscles.

The superficial fascia has been split into supei'fieial layers along its length or divided across its

length. There is no submergence of primitively superficial insertions in front of the hyoid
segment.

Tlie msertion of the sixth superficial constrictor superficial to the pars posterior of the

coraco-branchialis, thus separatmg that muscle from the longitudinal spinal muscles, is just

as one would anticipate in view of the development of the former from the ventral ends of the

* It is believed that the invasion of the cephalic region ventrally hy tlie spino-occipital muscles was accorapiiincd
by a division of the deep fascia between the hyoid iuid branchial Regment^;. Tlic deep fascia being submerged btliind
the Iiyoid segment, but being superficial to tlie anterior attachments and prolongations of the spinal muacles at and in
front of the hyoid segment.
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branchial muscle plates. Their situation and their development prove them to be deep branchial
muscles.

Raja.—Marion (1905, p. 11) says that in Haja erinacea there are seven superficial constrictors.

I can fin<l no evidence of this in atisfroiU, and in this form the superficial constrictors resemble
so closely those of Dasyatis that they do not call for separate description. An examination
of Marion's figures and description leads one to the discovery that his seventh constrictor is

obtained by the division of the liyoid sheet. Since there be no deep muscles to correspond
with the extra superficial constrictor, nor. indeed, any branchial arch to accoimt for the seventh,
one must conclude that he was in error in his treatment of the liyoid sheet. R. australis presents
no indication of any division of the superficial hyoid sheet.

The Deep Consttmctou Muscles.

Difsyat is.—The anterior wall of the first gill poucli is providetl with a deep constrictor by
the hyoid muscle sheet. Behind this are four branchial deep constrictors. These four iuter-

branchial muscles are so very similar that a description of one serves as a description of all.

The outline of each interbranchial wall is that of a trimcated wedge with the trmacated end
outwards and with a triangulaj- gap cut nearly symmetrically out of the centre of the broad
end of the wedge. This gap is occupietl by the pharyngeal passage and bomxded by epi- and
<!erato-bianchial cartilages. The wall is clothed, antero-laterally to the gill rays, by the inter-

branchial muscle. This is divi<led into dorsal and ventral halves by a Jiorizonta! tendinous
hiterniption, which extends from the pharyngeal angle to the outer margin of the wall and is

due to the insertion of the adjacent ends of the dorsal and ventral fasciculi into the perichondrium
of a dominant middle gill ray. The direction of the fasciculi is dorso-ventral, but with a slight

inclination mediad from the horizontal midline both above and below.

Raja.—I find the interbranehial muscles of H. uuMralis to be essentially similar. The
fascicufi radiate at the outer end precisely as Marion indicates. For illustrations of these muscles
Marion's work may bo consulted.

The Subak<.;i;ai^ia Transvebsi.

Marion (p. 17), writing of the branchial interbranehial muscles of Raja, says :
^' A few

bundles of tiic most median fibres <3f the ventral jjortions arc overdeveloped, and have extended
so as to take their origin from the fascia covermg the coraco-ma,ndibularis muscle. A similar

condition was noted above for Acantliiasy but these fibres were not as prominent there as here.

Tiesing, basing his opinion on the work of Vetter upon Heptanchus, has regarded these fibres as
a deeper layer of the constrictor, but Acanthias shows this not to be tenable. There is the
resemblance to a constrictor and yet on page he writes :

" It may be a question whether
the iuterbranehiales, the mterarcuales, and the adductors do not form a system of deep as opposed
to the superficial constrictors "'.

To these muscles, which Tioaing dosignaiod Csvp.3-i>. T propose to apply the designation

subarcualia transversi.

I have foimd them in all the rays I have dissected. They are, as it were, foreshadowx>d
bx Heterodontm and the Selachii by an always small and varying bundle of ventro-mediau fasciculi

of the deep constrictoi' sheets, which swings across toward or to the midline w^th the deepest
fibres of the pars interinscriptioualis.

These muscles do not conform to the definition of subarcuaha transversi gi\'en elsewhere,
for they do not cross the niidUno to meet their antimeres. On the other hand, they certamly
appear to present, as it were, an incomplete attempt to form such a muscle, and to that extent
they foreshadow a modificat ion of the subarcual muscles fouiid constaiatly in the bony fishes.

The Levators Akcuum Urancujalium.

Dasyatis.—^There are five branclual levators, ^jach consists of a dorsal and a ventral portion,

separated by a relatively broad tendinous central area. These muscles lie in the medial wall of
the gill pouches above the pharjiigeal plane and against the capiti-nuchal muscles. Each takes
origin from the fascia dorsalis beneath the median origin of the superficial dorsal constrictors.

They lie h\ an antero -posterior vertical plane and the fasciculi have a dorso-ventral cUi'ection

* It should be noted that there is in no oni' of thef^o superflcial constrictors any indication of divisihility into

partes arciiata and inscriptionalis.
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with a alight inclination caudad. The iasortion is into the epibranchial cartilage lateral to the

epiarciial obliqui muscles.

Raja,—The levators in this form would not be recognized as such had one not dissected the

other form. They are found in the same situation m the two forms, but in Raja each muscle

supplies a complete median wail to its pouch, and the fasciculi run in a cephalo-caudad direction

with a slight inclination ventrad. Thoy take origin from an interbranchial interruption in

front, and from the fascia and tlie superficial constrictor above, and ai'o inserted into the inter-

branchial interruption behind and the epibranchial cartilage.

Marion failed to describe these muscles in R. erinacea.

The Epibranchial Spinal Muscles.

Dasyatis.—These are essentially similar to those Heterodontus, but are not as well developed;

there are four, but there is no subspinalis.

Raja.—The muscles are, as Marion states, represented by fibrous bands, in which no muscle

fibres can be detected.

Thk Adductor Mcscles.

Dasyatis.—^The epiarcualis obliqui and adduetores arcuum branchialium are essentially

similar to those of the Selachii.

JSo/a.—The muscles are essentially similar.

Ventral obUque muscles are developed in neither form.

The Depressores Arctum Branchialium.

Dasyatis.—-The coraco-branchialis muscle is divided into anterior and posterior portions

which are not in contact with one another.

Pars anterior.—This consists of four small muscles which take origin together from the deep

(dorsal) siu-face of the coraco-arcualis communis muscle well forward, close to the limit of its

muscular portion.

From this origin these muscles pass dorsad, with an inclination eephalad, in front of the

pericardium and in contact laterally with the expanded ends of the ventral extrabranchial

cartilages. The muscles are quite inseparable either from one another or from the coraco-arcuales

communes at their origin, but they taper to narrow tendinous insertions which are separated by

the passage of the main branches of the ventral aorta. The insertions are onto the median ends

of the oerato -branchial cartilages.

Pars posterior.—This massive muscle has an extensive origin from the lateral end and

ascending portion of the coracoid arch lateral aixd dorsal to the lateral portion of the origin of the

coraco-arcualis communis muscle. This area of origm extends dorsally on the anterior face

of the pectoral girdle to the pomt of imion of the fifth cerato-branchial cartilage with the arch,

which is also the inferior limit of the insertion of the trapezius. From this origin the muscle

passes eephalad and slightly mediad and dorsad along the posterior wall of the fifth branchial

pouch, to be inserted along the length of the dorsal edge of the fifth cerato-branchial cartilage

and the posterior edge of the fifth extrabranchial cartilage. Thick at its origin, the muscle

is laterally flattened at its insertion.

Raja.—l find a very similar divisioii of the muscle in Raja. Here, however, they might

more descriptively be termed partes ventrales et dorsales. Tiie anterior or ventral portion

is continued back beneath the coraco-arcuales communes in contact with the posterior, or dorsal,

part and tenninates in a tendon which gives it origin from the coracoid arch beneath the lateral

margin of, and independently of, the coraco-arcuales corammies.

THE MUSCLES OF THE HYOID SEGMENT. (Figs. 15, 10.)

The Superficial Constrictor Muscles.

The form of the superficial and deep hyoid constrictors, and their relation to the gill pouch
behind them, are, in their close resemblance to the homologous branchial muscles, particularly

interesting and instructive.

Dasyatis.—^The second superficial dorsal constrictor is not divisible in the Rays into partes

arcuata et inscriptionalis. The fasciculi have a general direction from in front, caudad and
laterad, parallel to those of the branchial constrictors behind them. The most anterior portion
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of the muscle is hidden from view, and here the fasciculi all take origin from a well-marked fascial
band on the anterior wall of the first gill pouch. This band takes origin from the fascia dorsalis
well towards the dorsal limit of the atrio-pharynx and passes horizontally laterad to be attached
to the lateral gill-pouch wall. From this band the fasciculi first pass dorsad, and, becoming
superficial, curve caudad and laterad as described, to be inserted into the first tendinous interrup-
tion, which latter is placed over the first interbranehial septum.

Raja.—The muscle in R. awtt/ralis is almost entirely similar. As previously noted, Marion
found here two superficial constrictors in R. erinacea.

The levator rostri, a muscle present in Raja but not in Dasyati.% is probably a specialized
portion of the superficial hyoid constrictor. Marion's description of the muscle is correct in all

particulars.

& W.—Das!/ati8. Latoral iuid median view of some of the iiyoid and mandibular muscles.

Dasyatis.—The superficial ventral hyoid constrictor is a sheet of muscle essentially similar
to the branchial constrictors behind it. The more medial fibres are continuous with those of the
first (hyoid) interbranehial muscle in front of and deep to it. The more lateral take origin in the
connective tissues of the gill wall. The insertion of all is into the tendinous interruption beneath
the first interbranehial septum.

The depressor rostri, which takes origin from the ventral deep fascia superficial to this last,

is probably a specialized modification of this sheet.

Raja.—The muscles in Rtfja are essentially the same as in Dasyatis,
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TlTK DEKP HYOIII CONSTRIOTtm MCISCLKS.

Dasyatis.—The liyoitl interbranchial muscle (C(l.2.pr.) in botli Dasyatift aiui Raja aro so

completely similar to the branchial interbranchial muscles that they call for no further

description.

The interhyoideus, whinh htin botni treated by previous writers as portion of the byoid

superficial constrictor, is essentially sirailar in the two forms. It is a fan-shaped muscle which

takes origin in the ventral deep fascia superficial to the longitudinal ventral .spinal maiscles.

From this relatively broad origin, the fasciculi converge to be inserted onto the posterior surface

of the hyo-mandibular cartilag(> near the centre of its length by a sboj-t tendon which reaches

nearly to the dor-sal edge of the cartiitt.ge.

The Lkva'i'oh Hyoidki.

Dasyatis and Raja.—This is a powerful muscle which has an extensive origin from the skull

and fascia dorsalis, behind the auditory capsule and above the articulation of tlio liyo*mandibidai-

cartilage to the skull. The muscle tapers rapidly and passes latt^rad, veutrad, and sUghlly

cephalad, to be inserted onto the dorsal edge and anterior face of the liyo-mandibular cartilage

oxten(iing a little more than half-way along the length on the dorsal edge.

Thk Adductor Muscles. (Figs. 15, IG.)

In both Dasyatis and Raja and, in fact , in the other batoid forms dissected, the hyoid ailductor

is relatively a very extensively developed muscle. It is believed that there has been here a

complete fusion of tlie adductor and the obUcjue opiarcual muscle, though it well may be that tlie

whole musi4e is the resultant of iucrcase in fuuction and, constHjuontJy, bulk of the adductor.

Dasyaiis (Figs. 15, 16).—The adthictor byoidoi in this form is a truly remarkal>U^ muscle,

and for tlie piu'poses of a later section of this paper it will be described in two p<.>i'tions, an internal

and an external, which will be designated " ccanio-glossus " and "levator hyo-mandibidaris "

respectively.

Levator hyo-mandihularis (Lev.hy-uui.). —This is a very powerful muscle which lakes origin,

behind the levator maxillae superioris and the levator palati from the side wall of the auditojy

capsule in front of the foramen facialis. The mnsde is thick, atui rongldy (lyliiulric^al at its

origin, but tlattens out and becomes iuorcu,singly widened. Its posterior and superfitual portions

lie beneath the akin in the anterior wall of the spiracle. The direction of its fibres is generally

ventrad, cephalad and laterad from their origin. The fibres which form tlie anterior wall of the

spiracle are inserted into the distal end of the hyo-mandibular cartilage. The fibres arishig

most anteriorly are also the most metUaii of the miiscUis
;

liiey swing almost directly cephalad

and ventrad to be inserted into the oxc(K'dingly strong fibrous binding between the palate-

quadrate and the mandible just lateral to the joint. The fibres between these two sots descend

almost to the same ventral level, but, instead of gaining attachment to the fibrous investment

of the cartilages between the other two insertions, turn mediad and cauilad and join the cranio-

glossus muscle.

The cranio -glosfius (Cr.gi.).—This muscle takes oi-igin from the sidti wall of the axxditory capsule

deep to the levator hyo-mandihularis ; it passes down in the side wall of the mouth in front of

the spiracle, forming the deeper portifju of the anterior wall thereof. Arrived at the floor-level,

the muscle turns mediad beneath the mucosa of the floor to the midline. The anterior fibres

tron<l fonvard to be msertod into the posterior edge of the mandible txotr far from the symphysis.
Th<i posterior fibres are inserted into the anterior edge of the hypo-hyal and the laterii,! edge of
the basi-hyal in front thereof. Between these two extremes the fibres are inserted into a median
raphe. Those fibres which are inserted into the hypo- and basi-hyal pass ventral to the hyo-
glossus tu reach their insertion. The rest of the musele is submu(!ous, and dorsal to the visceral

skeleton.

As viewed from the lateral aspect, the adductor hyoidei appears as a single entity with two
insertions and a median portion whose fibres pass mecUad out of sight without any insertion. As
viewed from the medial aspect the pars (cranio -glossiis is distinctly definable from the rest of

the muscle from about half-way down the d(^acent from the origiu. A little lower the two portions

become completely separated.

The kyo-glosmis (Fig. 16).—This we regard as the second oblique subarcuul muscle, which
has increased in size, lost its attachment to the postero-dorsal aspect eJ' lh(? Imsi-hyal and joined
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its fellow of the opposite side. The reduction, almost to extinction, of the cerato-hyal, as

demonstrated by de Beer (1932), has been accompanied by the transfer of the origin of this

muscle to the lower end of the hyo-mandibular.

Each half of the norabined muscle is triangular, the broad end being at the midline where
it meets its antimero ; from here it tapers to its origin, by a short strong tendon, from the aiitero-

superior edge of the hyo-mandibular immediately behind the lateral insertion of the adductor
iiyoidei, that ia, close to the lower end. The muscle is placed immediately beneath the mucosa
and lies on the floor of the mouth between the two spiracles.

The relation of the spiracle to these muscles and to the hyo-raandibvUar cartilage now calls

for attention (Figs. 15, 16).

The hyo-mandibular cartilage is articulated to the skull behiiid and below the auditory
capsule. From this position it curves laterad, ventrad, and eephalad, romid the posterior margin
of the spiracle. Posteriorly it lies against, and is easily separated from, the anterior face of the
first gill wall, which latter carries the pseudo-hyal cartilage, immediately behind the hyoid
interbranehial muscle. The hyo-mandibular cartilage is covered dorsally for the first half of its

length by the levator hyoidei, below that it is bedded against the propterygium and its muscles.

Its anterior surface is covered for the greater part of its length by the skin of the posterior

spiracular wall. Immediately in front of the origin of the levator hyoidei from the side wall

of the cranium, and blending with it, is the origin of the adductor hyoidei ; this muscle ciuves

round the anterior wall of the spiracle to gain its insertion into the distal end ofthe hyo-mandibular
cartilage. The posterior spiracular wall gains thickness as it slopes caudad, the anterior has
full depth, supplied by the two portions of the adductor hyoidei. Immediately within its outer
boimdary the lateral narrow end of the hyo-glossus muscle is found on the floor of the spiracle.

The roof of the spiracle is supplied by the blended origins of the levator and adductor hyoid
muscles, and by the side wall and base of the skull medial to them.

liaja.—The adductor hyoidei in this form is not divisible into two portions as in Doftijatis-

Here we have only the portion which was described as the levator hyo-mandibularis. These
fibres which in that foi-m turn caudad to join the cranio-glossus are, in this, inserted into a fibrous

bajid AA'hich connects the other two insertions. Marion described that portion of this raiiscle

which bounds the spiracle the Cad.l (p. 11), and the rest he regarded as a thiix deep layer of the

levator maxillae superioris. True, in Raja the nisertion is carried round the lateral wall of the

mouth and across the anterior, or superior, wall onto the maxilla for some distance. But in

-/?. australis I find the muscle readily separable from the overlying levator maxillae superioris

and, furthermore, the hyoid muscle is very definitely innervated from the hyo-mandibiUar
branch of the facial, whilst tlie levator maxillae, a mandibular muscle, ia just as definitely

innervated from the mandibular division of the fifth nerve. There may be some overlapping

of the norves, but the obvious innoi-vation is as stated.

The hi/o-glossus.—^This is the muscle which Marion designates (p. 33) the coraco-

hyo-mandibularis. The mviscle is relatively more extensive than in Dasyatis and extends further

caudad, so that its lateral fibres have a direction caudad with an mclination mediad. The
tendon of origin is longer.

It wcjre quite misleading to adopt Marion's designation, de Beer has observed the muscle
in Torpedo {1932, p. 312) and remarks that " it is not an ordinary coraco-hyoid muscle It is

innervated from the hyo-raandibidar division of the facial nerve, not by the spinal accessory.

Its posterior limit is far short of the coracoid and none of its fibi-es are inserted into any fascia

which is bound to the coracoid. It is entirely dorsal to the basal branchial elements.

The Hyoid Depressor.

Dasyatis.—The coraco-hyoideus is a stout, nearly cylindrical muscle which takes origin

from the anterior edge of the fii-st ventral extrabranchial cartilage and the deep surface of the

ooi'aco-arcuales fascia superficial to it. The direction of the fibres from origin to insertion is

eephalad and doi-sad. The insertion is onto the lateral edge of the hyoid oopida.

Raja.—Marion's description of the muscle in R. erinacea correctly describes the condition

in R. aiisiralis. Attention is drawn to the msertion onto the hypo-hyal cartilage in place of onto

the basi-hyal.



THE EVOLUTION OF THE SKULL KESTEVEN. 43

THE MUSCLES OF THE MA^TDIBULA.K SEGMENT.

The Stjperfioial Consteictors. (Figs. 15, 16.)

A. Dorsal.—^There appears little doubt that iii the solachians the more superficial poi-tion

of that muscle which, in its deeper portiou, forms the levat or maxillae superior, ih tlie represen tative

of the primitive dorsal constrictor sheet in the mandibular sogmont. In the batoid elasmobranchs

there is developed as the anterior margin of the spiracle a muscle which, from its mncrvation

entirely by a post-spiracular branch of the facial nerve, is identifiable as a pre-spiracular hyoifl

muscle, the adductor hyoidei. in front of this there is an elongated muscle which must

undoubtedly be identified as the levator maxillae sxiperioris.

Dasyatis.—The latter muscle arises from the anterior wall of the auditory capsule and the

inner wall of the orbit behind the foramen quadrmgoraLni. It is a relatively long, strapdike

muscle, and passes from its origin cephalad and ventrad and slightly mediad immediately beneath

the oculo-motor muscles to an insertion on the superior margiri of the upper jaw a little to one

side of the symphysis.

The relation of the muscle to the maxiUo-mandibular trunk of the fifth nerve calls for

comment. The origin of the muscle is behind and lateral to the nei've foramen, and in its course

to its insertion it passes beneath the noT'vo, lifting it away from the subjacent hyoid pre-spiracular

muscle. The division of the nerve uito maxillary and mandibular rami takes place on the dorsal

sui'face of the muscle. The maxillary ramus is continue<l forward immediately beneath the

floor of the orbit, the mandibular ramus passes ventrad across the muscle not far to one side of

its insertion. The motor twig to this muscle is given oft just aftei- the separation of the two

rami.

In Raja the muscle is essentially as in Dasijatis. It is that which Mariou described as the

dorsal part of the le\'ator maxillae superioris.

B. Ventral.—li\ both Dasyaiis and Raja the pars hitermandibularis (Csv.la) is a very thin

and narrow band of fasciculi which, mterrupted by a median tendinous raphe, extends between

the two lower jaw rami. The pars extramandibularis (Csv.lb^) is a stronger band of fasciculi.

This also takes origin from the median ventral raphe and is inserted in Dasyatis by a fine tendon

into the extreme lateral end of the mandible just lateral to the joint, but raedial to the symplectic.

In Raja the insertion is into the ventral edge of the raandil)lo medial to the joint, and this insertion

is as extensive as the mxiscle is broad.

The Dekp MANDiBrtAR Constkictoks.

It is beheved that the levator is represented by a thm ribbon of muscle, the levator palatini

(Fig. 15, L.pal.), whioh lies between the levator maxillae and the pre-spiracular hyoid mnscle.

7''his takes origin from the skull between the origins of those rauscles and passes down beneath

and in contact with, the levator maxillae to be inserted into the roof of the inouth behind the

iiisertion of that muscle. It is irmervated by the same twig of the mandibidar i-arnus of the fifth

uei'\^e that inuer\'ates the levator rnaxillae superioris.

In Raja the mitscle is not differentiated from the levator maxillae whicli must therefore

be regarded as rei^rcsenting the constrictor and the levator.

The Mandibijt^ar, Addltctoiis. (Figs. 15, 16, 17.)

Although considerably modified by the separation of the maxillo-mandibidar arcade from
the skull, it is not difficult to recognize in the rays the same components of the adductor mass
that were described in the selachians and in Heferorlontus.

Tiik Obuque Epiarcual Muscle.

In Dasyatis the oblique epiarcual, pterygoideus muscle (Pt.a., Fig. 15) is an elongated,

flattened, relatively stout muscle wliich takes origin from the antero -ventral margin of the optic

fenestra in the side wall of the cranium. This origin is by a very short tendon which invests

the end of the muscle. From this origin the muscle passes cephalad and slightly laterad in

contact with the floor of the sphenoidal cavity of the cranium. In front of this it is in contact
with the under surface of the floor and posterior wall of the nasal capsule ; it next turns ventrad
across the anterior surface of the upper jaw. Having passed the upper jaw it turns caudad and,
after traversing the soft tissues ui the side wall of the mouth lateral to the common insertion of
the two labial muscles, ends in a relatively long and very strong tendon which burrows into the
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medial adductor mandibiilaris not far from its medial bortler and is inserted onto the postero-
inferioredge of the loiver jaw at about the juuetion of tho outer and middle thirds of its length.

This miiaclo lies upon the levator maxillae (mx.s.) at its origin and is at that point medial
thereto. As it passes forward and ventrad, it crosses the levator so that at the insertion of the
latter it lies lateral to it. Tho division of the fifth nerve trunk into maxillary and mandibular
rami takes place just after the nerve comes to lie against the lateral edge of this muscle doi-sal

to the levator. The mandibular division follows tho lateral edge of the pterygoid muscle till

its tendon disappears between the fascicuH of the quadrato-mandibularis. Motor branches to

tho pterygoideus, maxillo-labiahs and partes posterior and medialis of the quadrato-mandibularis
are given off before the tendon is crossed, those to the partes anterior and ventralis and to the
mandibulo-labialis after it is crossed.

Taeniura (Fig. 17).—The pars anterior of the pterygoideus {Pty.a.) is almost precisely

the same as in Dasyatis ; in that form no pars mediahs was recognizable. The pars posterior

(Pty.p.) is a relatively small flattened muscle which arises from the palatoquadrate just in front

of the lower end 'of the pars anterior and its tendon. It is inserted behind the toTidon onto tho
oiiter surface of Meckel's cartilage.

Raja.—This muscle has been described by Marion (p. 22) as the first part of the levator
labialis superioris, a most misleading designation, justified only by its homology with the similarly

named muscle in the Sclachii. It is relatively a smaller muscle than in Dasyntis and takes origin

further foi-ward, from the floor of the nasal capsido. Its insertion is, however, precisely similar,

and the mandibular ramus of the fifth ner^'e lies to its outer side from origin to the dipping of the
tendon just as in the other form.

The Mandibxjlau Adductor, Quadrato-mandibtji/aris. (Figs. 15, 16, 17.)

Da^atis.—(1) The pars medialis (Qm.m.) arises by a short investing tendon from the ethmoid
region of the skull above the posterior wall of the nasal capsule and, swelling into a fairly stout

flattened muscle, passes ventrad, cephalad and laterad. It penetrates between the massive
partes anterior and posterior and, passing superficially to the dor.sal edge of the pars anterior,

is uisorted onto the posterior edge of tho lower Jaw just below and lateral to the jomt. (2) Tlie

pars posterior (Qm.p.) is particularly massive ; it takes origin from a small area on the lateral

surface of the palatoquadrate close to the joint. Increasiixg very rapidly in size, its lateral Gbi*es

ciuve romid the pars medialis to be inserted almost alongside their origin, on tho other side of the

Q-M. joint, onto tho posterior tip of the lower jaw cartilage ; this tip Ues behind and lateral

to the joint. The symplectic cartilage is boimd to Meckel's cartilage immediately behind and
medial to its posterodateral end and the fibrous strands of the capsule of this joint are continued
across the lateral face of Meckel's cartilage to the capsule of the Q-M. jomt. Tho band of fibres

in question separates the insertion of the much-curved lateral fibres of the pais posterior from
the insertion of the rest of the muscle, which is onto the posterior edge of Meckel's cartilage for a
short distance medial to tho band. (3) The pars anterior (Qm.a.) takes origin from a prominent
tubercle on the outer surface of the palatoquadrate just in front of the joint, and from the siu^ace

of tho cartilage between tho tubercle and the attachment of the oral mucosa. The area extends
from the posterior Umit of the teeth to the capsule of the joint. Tho muscle increases in bulk
as it crosses directly to be inserted onto the whole width of the outer surface of Meckel's cartilage

for the posterior and lateral half of its length. The anterior limit of this portion of the muscle
is vei-y clearly determined by the tendon of the pterygoideus muscle. (4) The pars ventralis

(Qm.v.) arises from tho tissues in tho side wall of the mouth in front of the pars anterior, from
which it is separated by the tendon of the pter^^goidal muscle, and is inserted in front of that
tendon onto the outer surface of tho lower jaw. This is quite a small muscle.

The terminal branch of the mandibular ramus of the fifth nerve, after giving off the motor
twigs to the partes veittralis and anterior, passes along the anterior margin of the pars anterior^

on its way to the ventrmn of the jaw.

Comparison of these adductor muscles with those of Acanfhias and Heterodontua discovore

features of particular interest. The pars medialis arises from the skull as in Acanthias. but
passes over the pars anterior to be inserted behind it as in Acanthias. The pars posterioj- is much
more massive than in either of the other forms and its origin has extended over the insertion of

the pars anterioris and reached the palatoquadrate superficially to it. The pars ventralis

is much smaller than in the other forms. The origin of the iitery-goklens muscle is peculiar.
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but its relation to the mandibular nerve and its insertion leave little room for doubt that it has

boon correctly identified.

Taeniura (Fig. 17).—The pars medialis (Qm.m.), as is usual, arises from the post-orbital

angle of the skull. This origin is by a short roimded tendon and the muscle swells rapidly into a

short thick rounded body which penetrates between the partes anterior and posterior, being

almost completely enswathed by the latter. The muscle contracts rapidly and is inserted onto

a spur at the lateral, posterior, end of Meckel's cartilage. This spur projects dorsal to the palato-

quadrate, between it and the hyo-mandibular and is post-articular.

Fig. 17.

—

Taeniura. A slightly schematic chawing of the mandibular adductor muscles, seen

from in front.

The pars posterior (Qm.p.) arises from the palatoquadrate just in front of the Q-M. joint,

and swings right round the outer aspect of the pars medialis to be inserted onto the same spur

of Meckel's cartilage.

The pars anterior (Qm.a.) arises from the palatoquadrate just in front of the origin of the

pars posterior, and passes, with a curve ventrad and mediad, to bo inserted onto the posterior

end of Meckel's cartilage in front of the joint.

The pars ventralis (Qm.v.) arises from the palatoquadrate at the angle of the gape just

behind the pars medialis of the pterygoideus muscle. The origin is confined to a very short

length of the edge of the mandible, in line behind the teeth, and extends slightly onto the outer

surface. The deeper fibres arise, not from the cartilage, but from the fibrous tissues of the side

wall of the moutli behind the gape. The insertion is onto the inferior and posterior surface of

Meckel's cartilage between the pars anterior of the quadrato-mandibularis and the pars medialis

of the pterygoideus.

The relation of the mandibular ramus of the Vth nerve to those muscles is as in Dasyatis.

In Raja the muscles are essentially similar, but their interpretation by Marion is so different

from that adopted above that it is advisable to review briefly the differences and to identify the

parts of the mascle in Dasyatis with those of this standard batoid type.

Raja.—(1) The pars medialis is that muscle which Marion describes as the second division

of the levator labialis superior. The muscle has the same origin as in Dasyatis, but loses its

identity in the substance of the pars posterior. (2) The pars posterior is the superficial portion

of the adductor mandibulae lateralis of Marion's description. The arrangement of the portion

is essentially as described, but there is a veiy complete blending of this and the partes anterior

and medialis. An added complication of the picture is caused by the fact that many of the

fasciculi of all three parts take origin from, or are inserted into, a very strong superficial fascial

sheath. (3) The pars anterior corresponds to the deep portion of the adductor mandibulae

lateralis of Marion. There is here no noteworthy difference. (4) The pars ventralis is essentially

the .same in both forms ; it was not described by Marion,

The relation of the mandibular ramus of the fifth ner\^e is essentially sunilar in the two

forms.

This comparison of the muscles in the two forms permits one to believe that, though those

of Dasyatis are very intimately blended, they preseixt the same fimdamental arrangement as
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was observed in the selachians and in HeterodonUis, and that the conditions presented in Dasyotis^

whereui the muscles are not so intimately blended, provide us with an analysis of the muscles

in the Hays generally.

In addition to tho nmscles already described, there are in Dasijatis two labial muscles.

These I designate maxillo- and maudibvilodabialis respectively. Each takes origin from the

snbdermal edge of tho npper or lower jaw to one side of the symphysis and passes laterad across

the outer surface of the cartilage in the tissues of the lips at the angle of the gape. They are

insei'ted in the tissues of the angle of the gape so closely together that it was at first thought

that one had found an orbicularis oris which arose from one jaw and passed aroTind iix the lips

to be inserted in the other. They are small cylindrical muscles.

Tn Baja aiistralis there is only the mandibulo-labialis ; it was described by JMarion as tJie

adductor mandibularis medialis. His statement that in his species of Raja the origin of the

muscle was from the anterior edge of tho upper jaw suggests that both muscles are really present,

but that he failed to discover the duality.

Doubtless these are speciaHzed portions of the adductor complex, but I have been unable

to find any muscles in any of the other elasmobranchs which are comparable with them.

The Trapezitjs.

Dasyatis.—For some distance posterior to the skull the spinal segments are completely

fusefl. The dorsal eapiti-nuchal muscles are inserted by a corddike very strong tendon into the

dorso -posterior edge of the skull m\ each aide of the foramen magnum. The branchial atrium

extends a good distance posterior to this point. Tho capiti-nvichal muscles enlarge steadily

as they pass backwards and are packed close against the crest formed by the fused dorsal spiiial

processes and enclosed in a very strong fibrous trough. At a distance behind the skull which

is almost equal to the length of the cranial and sphenoidal cavities the scapula is attached to

the fused lateral spinal processes. These latter, in front of this attachment, send a vertical

flange dorsally, forming an outer wail to the trough of the capiti-nuchal muscles. The scapula

is relatively very broad aiitero-posteriorly and extends forward of its attachment to the spinal

cohimn. There is thus formed a triangular space whose medial wall is the vertical flange formed

from the fused lateral spinal processes ; this slopes from behind forward and mediad. The

outer wall, the scapula, slopes from behind forward and laterad. The anterior wall is the convex

posterior wall of the branchial antriim. Tho roof of this space is the deep superficial dorsal

fascia ; its floor is in part the lateral portion of tho roof of the pericardium, and lateral to that

the dorsal surface of the pars posterior of the coraco-l>ranchiaHs muscle.

This space is filled by the trapezius muscle, which takes origin from the inner wall and is

inserted onto the outer.

Baju. —The muscle is essentially as above, but there is no (lartilagiiious outer wall to the

sheath of the capiti-nuchal muscles. 1 can tuid no trace of the throe divisions of the muscle

described by Marion. The trapezius is innervated by spinal muscles.

Th-k Ventral LoNaiTTrDiN-AL Hypobranchiax Spinal Musci.es.

These are, of <:ourse, the depressors of the mandibles, but, as they are not developed from

cephalic myotomes, they ha^'e not been mcluded in the table.

They are so essentially similar in both forms and follow so closelj^ the conditions described

by Marion that it were mere repetition to describe them.

The close similarity of the ooraco-hyoideus to the separatt? jjortions of the coraco-branehialis

justifies one in feeling doubtful as to whether the coraco-hyoidous of the Elasmobranchii is the

same muscle as that of the bony fishes. In these latter there appears to be complete agreement

that tho muscle is developed from trmik myotomes, and it has a very definitely antero-po.sterior

direction. On the other hand, there is not such complete agreement as to the derivation of the

coraco-liyoideus of the Elasmobj'anchs. van Wijhe (1882) describes tho muscle as being developed

equally from the posterior head myotomes and anterior trunk myotomes, whilst Noal (97) and

Edgevporth (U)ll) are in agreement in deriving tho muscle entirely from trunk myotomes. In

H<idition to the doubt this difference of interpretation gives grounds for, the muscle in the

cartilaginous fishes (jounnonly appeai^s as though it were a separated portion of the

coraco-branehialis.
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4, Review.*

All appeal to embryology does not give the student of serial muacular homologies assistance
of that defbiite kind which might have been expected. It has been demonstrated that the
whole of the muscles related to any one branchial arch are developed from a single branchial
inxiscle plate, that the muscles developed frt)m the hyoid muscle plate are innervated by the
facial nerve, and tliat those innervated by the fifth nerve are developed from the mandibular
plate.

There are exceptions to the complete truth of the above statement, but the exceptions are
for the most part taken cognizance of in the designations epibranchial and hypobranchiaJ " spinal

"

muscles. The apices of the mandibular and hyoid muscle plates are broken off and divorced
fpoin the rest of tlie plate to give rise to two of the ocular muscles ; they will bo discussed latei-,

in Appendix A.

The evidence of the embryologist, however, is not against, but ratlier supports, our
fundamental concepts of tJie course of the evolution of the segmentally arranged visceral muscles.
The embryologist, except m isolated cases, is miable to offer any evidence of those more primitive
ooiiditions Which it is beheved the hyoid and mandibular musculature has passed through prior
to the perfection of the profoundly modifier! muscular and skeletal itiechanism which we find
in these anterior two segments of even the most primitive of the forms available now for study.

Studies of the skeletal and muscular structure of the vertebrate head appear to justifv
the followmg beliefs :

The prhnitive vertebrate from which the whoJe of the recent forms and their fossil allies

were evolved was possessed of a tei-minal or subterminal mouth, and had behind it seven gill

slits on each side of the head. The mouth led into a respiratory antrum, into which the gill

slits opened. Each of the sUts carried branchiae on both walls. These walls were proAdded
with Lmjointed cartilaginous supports, and each was also provided with a simple shetit of muscle
fibres which was capable of acting as a constrictor and which was antagonized by the elasticity
of tJie cartilagmous suppcrt. It was from those simple hoops that tfie branchial skeleton, as
we now see it, was evolved. But fiu-ther than that, it appears probable that all the seven hoops
were modified in the same way origijially. The mandibular and hyoid skeletons were precisely
similar to the others. Their muscular equipment became modified and adapted to the later
changes in the framework. Weak points were symmetrically developed in the hoops, at their
centres and above and below those centres on each side ; these were replaced by joints and
there resulted pharyngo-, epi-, cerate- and hypo -branchial segments on each side. Whether
a ventral continuity of the hoops of the two sides was original or whether a basal element was
added is immaterial to the present discussion. The deeper portion of the constrictor sheet
of muscle fibres would have been bound to the cartilaginous hoop. When that hoop became
segmented, the attached fibres were similarly segmented, and their bindmg to the hoop m the
immediate vicinity of the Joint was relaxerl whilst their attachments immediately above and
below became more perfect.

Thus, it would seem, the primitive muscle sheet became differentiated into a more superficial,
almost unchanged, constrictor portion and a deeper portion divided into dorsal. midcUe and
ventral flexors of the three joints of tlio arches.

With the distm-bing growth of the brain there resulted marked clianges. The resulting
flexure of the head ventrad appears to have been accompanied by, and perhaps to have been
responsible for, the coalescence of the anterior gill slit and the mouth. The primiHve mouth
was at once replaced by this newer one. All that now remains of the original oral musculature
are the four primitive ocular muscles. The apices of the hyoid and mandibular muscle plates
became captured by the (new) preoral segjTient to supply the two extra ocular muscles {vide
Appendix A). Extra respiratory smfaee was obtained hi the gill clefts without mereasing the
bvdk of the branchial region by the oblique caudad growth of their walls so that they came to
ovei'lap.

More important changes, however, were those of the mandibular arch and its related muscles.
There is evidence in almost everj^ one of the fishes, that the dorsal and ventral ends respectively
of all the epibranchial and ceratobrancliial cartilages could bo brought into close approximation

* This review is confined to an examination of the serial horaology of the muscles related to the seven visceral
arches of tlie previously reviewed Elasmohranchii. Their homology with muscles in other vortehratcs will he discussed
after those other forms have heen described.
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by the action of the ooristrictor sheet and the two or three flexor muscles of the arches. In

the case of the mandibular segment not only was this so, but when the gill slits and mouth

coalesced or were opened into by the backward extension of the primitive mouth (de Beer, 1931),

the ventral ends of the ceratobranehials of the two sides became joined in the symphysis of the

lower jaw, whilst the dorsal ends of the two epibranchial cartilages were welded together in

similar manner to form the symphysis of the upper jaw. The elements of this first arch above

and below these were reduced, but perhaps persisted as the labial cartilages. The labial cartilages,

may, however, be persistent branchial rays.

The opposed anterior ends of the mandibular cartilages now were brought into use as upper

and lower jaw, and were increased in size and modified in other ways to carry out those fimctions

more efficiently.

These cartilages and their activating muscles were increased very much in size, growing

forward as the unfolding of the ventral cephalic flexure permitted, or indeed, perhaps, actually

conditioning that unfolding. With their iacrease in bulk, these cartilages came nearer to the

surface and, as it were, gi-ew forward through the superficial constrictor sheet, which was attached

above and below to superficial structures which were not carried foi-ward with or by the forward

growth of the mandibular skeleton. The deeper, specialized, muscles attached to the arch

were, on the other hand, carried forward attached to the dorsal and ventral ends of the two

middle elements and to the vanishing elements of the arch above and below them. Muscles

evolved from these rests are recognizable, but profomidly modified.

Perhaps another result of the ventral flexm'e of the head was that there developed a biotactic

stimulus between the anterior point of the ventral trunk myotomes and the ventral ends of

the branchial arches. Whether this be the explanation or not, the anterior end of the trunk

myotome grew forward, displaced to either side the ventral ends of the branchial constrictors,

and, burrowing deep to the hyoid and mandibular ventral constrictor sheets, gained an attach-

ment to the ventral, mandibular arcade.

This a.'iterior hypobranchial spinal musculature immecUately fimctioned as a depressor

of the lower jaw, and later also assumed the fmictions of a general branchial depressor. To

this end the brancliial muscle plates also developed special slips of muscle (the coraco-branchialis)

which acquired insertions either into the aponeurosis of the hypobranchial muscles or onto the

ventral portion of the pectoral arch. It is also not improbable that the crowding effect of these

hypobranchial muscles is reflected in the reduction of the cerato- and hypo-branchial elements,

so commonly seen in the Elasmobranchs.

With the assumption of oral and jjrehensile fimctions the mandibular arch had need of

firmer fixation of the middle joint. The remarkable growth of the two cartilages may be supposed

to have already largely suppressed the gill cleft immediately behind it. This permitted the

second arch to be brought into use to provide the needed fixed point, and hyostylic suspension

resulted.

It is clear, on the evidence of the facts as w© now see them, that the ventral elements of

the hyoid arch grew forward between the increasing cerato-oral cartilages. Now. there was,

ex hypothesi, no direct muscular and fibrous union between these two arches ventraUy and

the second had to be prevented from sagging below the first. Tliis was effected by the retention

and strengthening of the first two constrictor sheets ventraUy.

The second arch had now also completely lost its respiratory function, its dorsal portion

acting as a siispensorhmi of the fii-st and its ventral elements, placed in the floor of the mouth,

were called upon to fmiction as assistants in the passage of food back towards the oesophagus,

their musculatm-e being modified accordingly. Not only was this so, but the closure of the

gill slit, except for the small persistent spiracle dorsally, gave rise to an immobile area between

the mouth in front and the respiratory antrum behind. This must not be left flaccid, and the

need was met by crease in the bulk and strength of the dorsal and lateral portions of tho second

constrictor sheet imd the levator.

Finally, it appears not too much to believe that we have hero the explanation of that per-

sistence of the second constrictor sheet, which we find throughout tho whole vertebrate series.

The foregoing working hypothesis is based very largely on the development and adult

anatomy of the branchial arches. Throughout the Plagiostomi there are certain constant

features which must surely be regarded as inherited dircc:t and almost michanged from a common

ancestor.
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The skeletal fraraework is constantly composed of four segments joined to a median basal
element. The muscles of each intorbrauchiiil septum are :

1, All entirely superficial constrictor sheet which, following LightoIIer, we ha\^e designated
the pars arcuata. This lies between two clefts immediately beneath the skin,

2» A constrictor sheet quite contmuous with tho last, placed in front of it ; quite super-
ficially above the level of the gill clefts, but passing midor the pars arcuata of the septum in front
of it and onto its own septum anterior to the gill rays thereof, and supplying that portion of
the septiun wliich hes between the edge of the cleft and the outermost ends of the branchial
rugae. Ventral to the gill cleft it becomes superficial, again contiiuious with and in front of
the lower portion of the pars arcuata. We have termed this the pars inscriptionalis, again
accepting LightoIIer 's designation.

3, A tliird constrictor sheet which is related to the second precisely as the second is to the
first. This we have termed the deep dorsal constrictor or interbranchial muscle. It does not
become superficial in any part. Its position is antoro-raedial and deep to the second sheet,
lying anterior to the gill rays and posterior to the branchial rugae. These three portions are
absolutely constant in every mterbranchial septtun throughout these cartilaginous fishes and
together they constitute an unciianged " rest " of the primitive constrictor sheet. Of the tlu-eo

parts the deep constrictor is the most primitive. Partes arcuata and inacriptionaHs are later,

caudad, growths. Even part of the deep constrictor is an added structure, for the primitive
gill slits were shallow and led directly, without any obliquity, from tlio atrio-pharyux.

Though, in conformity with past practice, these three have been treated as separate muscles
they undoubtedly constitute one continuous interbranchial sheet. It will avoid ambiguity
and assist brevity in later discussion if we designate the sheet the pars primitiva of the branchial
musculatm-e.

4, A levator arcus brancliialis. This, like the partes arcuata and inscriptionalis, takes
its origin from the fascia dorsalis and/or from an extrabranchial cartilage which is bomid to that
fascia, and it is inserted onto the epibranchial cartilage. We know nothing of the development
of this muscle m the Elasmobranchs. Unfortimately it is but poorly developed or differentiated
hi the forms whose development has been studied. On the other hand, the muscle is not always
completely differentiated from the dorsal end of the deep dorsal constrictor, and we are able
to say with a high degree of confidence that it is a specially modified portion of that muscle.
Our evidence in this respect comes largely from the conditions described in Heterodonlus.

5, A small muscle which lies in the angle between and behind the pharjTigo- and epi-
branchial cartilages

; this has been designated one of the *' lateral series of dorsal mterarcual
muscles "

; in the foregoing pages it lias been described as the dorsal obhque (epiarcuahs obUquis)
and classified functionally as the dorsal branchial adductor muscle.

6, Aii adductor arcus branchialis, which has been classified as the middle branchial adductor
in the previous pages. This hes in the angle m front of the joint between the cerato- and epi-
branchial cartilages. These two adductors are developed from the deep part of the prhuitive
branchial muscle plate.

7, A depressor arcus branchialis. The several depressors are combined to form the coraeo-
branchialis muscle ; they are developed from the lower ends of the branchial muscle plates.

8, Incomplete subarcualia transversi are developed below the arches of certain Elasmo-
branchs, These ai-e foi-med from the ventral ends of the partes mscriptionalis, which extend
medially to gain insertions beloM^ the basibranciual elements.

9, In the great majority of the Elasmobranchs there are developed from trunk myotomes
a series of muscles very similai- to the dorsal branchial adductors but lying medial to them and
extendmg always between segments of two arches. They have been designated epibranchial
spinal muscles in the foregoing descriptions.

These are in many respects veiy similar to those ventral muscles which are present below
the branchial skeleton of certahi of the bony fishes, and there aptly designated subarcualia recti
by Edgeworth. These latter, however, are derivatives of the branchial muscle plates and serve
as a wammg that muscles which seem similar may have completely different origms. This
comment also applies to their similarity to the dorsal adductor muscles, with which they have,
in the past, been classified. Marion designated these last the median series of dorsal mterarcual
muscles, following previous obserx^ers in so doing.

In closing tliis summary of the branchial musculature it may be finally stressed (I) that
the components of the pars primitiva are absolutely continuous, each being placed m front of
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the othei* without intetTuption and the parts m front being each deeper than that behind, an<J

(2) that the specialized muscles are developed from the deep part of the primitive branchial

tniiscle plate.

In the hyoid segment there is nothing like the constiincy of anatomical featm-es which we
find in the branchial segments. The variation in structure affects most strikingly the derivatives

of the deep layer of the primitive plate. Tliis we are able to state with a very liigh degree of

confidence, because we find the pars primitiva almost unchanged and quite complete in all the

typical Elasmobranchs, that is to say in the three suborders of the Plagiostomi. In the Holo-

cephali and in the Chondrostei the first important modifications of this sheet are to be found,

and the parts are not at once so clearly recognizable.

In the Plagiostomi, the pars primitiva is foimd in the typical situation relative to the gill

cleft behind it. The pars arcuata is quite superficial and takes its origin above from the fascia

dorsalis, exactly as does that part in the branchial segments. In front of it the pars inscriptionalis

above the level of the gill slits has its origirj just precisely as in the segments behind. Tliere is

here, however, no gill pouch in front for it to pass behind, and it is superficial throughout its

length. The pars arcuata Ues in the free edge of the gill slit and the pars inscriptionalis lies in

contact with the outer ends of the hyoid gill rays. In front of this again is a similar sheet of

fibres in contact with the inner ends of those rays, just as the deep constrictor lies against the

inner ends of the branchial rays. Compare this with the mterbranchial septum from another

angle : If one examine the posterior face of a typical interbranchiai septum one observes the

mucosa covering the cartilaginous arch at its deep margin ; next to this one finds the branchial

rugae, and outside these the smooth lining of the free edge in which lies the pars arcuata. Radiating

laterad and caudad from the epi- and cerato-branchial cartilages arc the gill rays. On the side

of these, faced anteriorly and laterally, we find the deep constrictor close to the main cartilages,

and the pars inscriptionalis between this and the pars arcuata. Covering these anteriorly are

the branchial rugae deep within the pouch and the skin more superficially over the pars arcuata.

In the anterior wall of the first pouch there is an an-angement of structures which differs only in

that there is no gill anterior to the muscular layer ; this layer is the pars primitiva of the hyoid

segment. It is not so much that the closm'e of the hyoid gill cleft has permitted the pars primitiva

to reach the surface as that there has been no posterior growth ofthe pars primitiva of the segment

hi front to submerge it. There is no evidence of any backward growth of the primitive

mandibular muscle plate in the development of the muscles of the mandibular segment. This

we might have anticipated from a consideration of the adult anatomj-.

Since we are able thus to recognize with confidence the pars prunitiva of the hyoid segment

and find it essentially as in the brancliial segments, we may infer that the specialized muscles

also were probably developed, but have now become modified in adaptation to the changed

mechanical and skeletal conditions.

We have very clear evidence that superficial parts of the pars primitiva have been added

behind the deeper muscles in this as in the branchial segments. We, therefore, look for the

modified derivatives of those deeper muscles in front of the primitive sheet and probably deep

to it—probably deep, but not necessarily so. It is obvious that, if, as it is believed, the mandibular

arcades were deeply placed, they have now become actually subdermal in places. They have

also apparently carried the attached hyo-mandibular cartilage towards the sm'face with them.

Therefore, if we find muscles innervated by the facial nerve placed superficially in front of the

pars primitiva of the hyoid segment, we are entitled to conclude that they are derivatives of the

deep specialized muscles of that segment, carried to the surface in harmony with the changed

skeletal structures to which they are or were attached. Further than this, the profound modifica-

tion of the skeletal arch, its firm articulation, on the one hand with the skull and on the other

with the mandibular arcades, and the disproportionate growth of some of its parts and more or

less complete disappearance of others should prepare us to find the points of origin and msertion

of those muscles qm'to different from their primitive positions.

In the branchial arches we find the levator to be dorsal and latei'al to the dorsal adductor

muscle, so that, were the pharyngobranchial cartilage lost and tho epibninchial became articulated

to the skull, whilst both these muscles were retained and were to retain their insertion onto the

epibranchial cartilage, we should find the levator lateral, and that means superficial, to the

other. Now, the skeletal changes just postidat-ed are those which are believed to have taken

place in the hyoid segment. In the Batoidei we find two muscles arising from the fascia dorsalis
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and the skull and inserted onto the epihyoid (hyo-mandibular) ; the more superficial may be
regarded as derived from the levator and the deeper as from tiie dorsal adductor.

In adcUtion to these there is also in Meterodonlus a muscle which arises from the hyo-
mandibular and is inserted into the posterior edge of the palatoquadrate and which is undoubtedly
a hyoid muscle because it is innervated enth-ely by the hyo-mandibular branch of the facial

nerve. This insertion of a muscle developed from the muscle plate of one segment onto a skeletal

clement of the segment m front is a secondary feature. It is not micommon for ventral muscles
to grow forward and/or backward to other than their segments of origin in the Teleosts. In
the present case, however, the conditions are not exactly comparable, for the attachment of
this hyoid muscle to a mandibular element has involved no growth anterior to its, presmned,
primitive attachment. The muscle in question may be regarded as a derivative of the middle
adductor of the hyoid arch. The joint of the hyo-mandibular cartilage with the posterior end
of the mandibular arcade is placed close to the ventral end of the former, and therefore intervenes
between the origin of the middle adductor and its primitive insertion, onto the eeratohyoid.
This then is to be regarded as the explanation of the insertion of the middle adductor onto tlie

back of the palatoquadrate above the joint with the hyo-mandibular. The muscle we are
describing is that which has been designated retractor mandibidae by previous observ^ers. The
origin of this muscle may be the primitive one from the hyo-mandibular, or, it appears, it may
as a result of fusion with the dorsal adductor, gain an origin from the skull. In Heterodontm
we find the more primitive condition ; the muscle arises from the hyo-mandibular and is inserted
onto the palatoquadi-ate cartilage. In the batoids the levator hyo-mandibulae and the cranio-
glossus appear to present more or less incompletely fused derivatives of the dorsal and middle
adductor mucles, and these arise from the skull and are inserted onto the hyo-raandibvilar near
its distal end and onto the palatoquadrate as well.

Although so similar to the component parts of the coracobranehialis, the coracohyoideus
is one of the hypobranchial spinal muscles, and there is no true hyoid depressor.

Still limiting oiu- observations to the Selachii we turn next to a review of the muscles of the
mandibular segment.

In the consideration of the dorsal portion of the pars primitiva of this segment, there is

one fundamental featm-e of adult anatomy and development which is apparently of prime
importance. The spiracular cleft at no time presents any caudad superficial growth of its anterior
wall. In the adult it differs from the other clefts m that its direction is almost at right angles
to the long axis of the body. There has, then, been none of that backward growth which gave
rise to the partes inscriptionalis and arcuata in the branchial segments.

It follows that we should find, of the pars primitiva, only the interbranchial muscle or deep
constrictor. This is present but, because it lies against the outer edge of the spiracidar cleft,
in some forms appearing as a defhiite small hood, it has been designated by other writers the
Csd.l or the mandibular superficial dorsal constrictor. That which is conveyed by the separate
tabiilar classifications of the muscles in each suborder, is now unequivocally .stated, viz., this
mtiscle is to be regarded as derived from the primitive constrictor sheet and believed to be actually
serially homologous with the interbranchial muscles or deep constrictors of the hyoid and branchial
segments.

The levator, s(3 closely related to, and probably derived from, the deep constrictor,
is commonly found in the mandibiUar segment to be ultimately fused with, and in many cases
inseparable from, the pars prunitiva.

Of muscles derived from the speciahzed adductors there are, in the mandibular segment,
apparently several. In the different plagiostome forms one finfls muscles which at first sight
are not comparable one with another. The study of many forms, however, leads to a better
comprehension of those various muscles and it is reahzed that they are but modifications of
one plan.

There is reason t^ beheve that the quadrato-mandibularis or the adductor mass—composed
as it is of relatively short fibres which pass without intermediate fibrous interruption from one
ramus of the jaw to the other, from the eerato- to the hypo-arcual element—alone represent^!
the primitive middle adductor of the mandibular arch. The complicated muscles anterior
and superficial to this are to be regarded as having been derived from the dorsal adductoj- of
the arch.

Unfortimately the evidence of embryology is not very helpful in the interpretation of the
mandibular muscles. Edgeworth (1911, p. 170) says that in Scylliimi, "On the formation of
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the palatoquadrate . . . fcho mandibular myotome lies outside of and across the palatine process,

and then separates into an upper levator maxillae superioris and a lower adduutor mandibulae
Of the branchial muscles he says (p. 235) Below the anlagen of the trapezius each branchial
myotome forms a transversely broad plate in the branchial septum. The part internal to the
branchial bar forms the adductor : the part external to the bar forms next the bar dorsally

the arcualis dorsalis (our dorsal adductor), and below that the interbranchial, whilst the external
edge forms the constrictor superficialis Here, in the branchial segments, the middle adductor
is formed from that portion of the myotome which would lie ventral to the ceratobranchial
cartilage if that cartilage were, like the cerato-oral (palatoquadrate), horizontal instead of
vertical, whilst the dorsal adductor is developed from a portion wliich woidd He above the bar.

Edgeworth further states that the " upper edge of the adductor mandibulae (subsequently)
gains an additional origin from the suborbital cartilage, and this anterior portion of the adductor
separates. . . forming the levator labii superioris . . This origin of the anterior component
of the adductor in Scyllium from the adductor anlage would appear to be in direct contradiction
to my statement above that there is reason to believe that part only of the adductor mass is

to be regarded as representing the primitive middle adductor of the mandibular segment.
On the other hand, it may be emphasized that the adductor alone is developed from that

part of the branchial myotome which lies medial to the branchial arch, and that all the other
muscles ofthe arch are developed from the rest of the myotome, whilst in the mandibular segment
the ventral superficial constrictor also is developed from the portion which lies below the palato-

quadrate. This portion below that bar is, therefore, not entirely homologous with that medial
to the branchial bars. It contaiiis the midifferentiated anlagen of more than one muscle.

The outstanding feature of the adult anatomy of the mandibular segment which would seem
to indicate that the quadi'ato-mandibularis of the adductor muscle mass alone corresponds to

the primitive middle adductor is the relation of the mandibular division of the fifth nerve to the
muscles.

It becomes necessary hero to refer to the mandibular adductors, not only of the Holoeephali
and Chondrostei, but also of the Teleosts and the Amphibians, mcluding the Dipnoans. In
all these one finds that there is a portion of the adductor musculature which takes its origin from
the quadrate aad is inserted onto the mandible. Both origin and insertion are close to the
Q-M. joint and the muscle is separated from the rest of the adductor components by the

mandibular and maxillary rami of nerve V. This is most strikingly seen in the Holoeephali
(Fig. 21) but is just as obvious in Neoceratodus. In Psephurus the two portions of the muscle
are even more completely separated by the nerves. The separation of the pterygoid and other
divisions of the adductor mandibularis by the same nerves is quite clearly seen in Idithyophis

glufmosus and in Amblijstoma tujrinmn and its immature Axolotl stage. In the adult Anura
the relations, though somewhat obscured, are preserved unchanged, and are quite clear m the

tadpoles.

These relations can also bo demonstrated in the Teleostei.

It is neither necessary nor desirable to anticipate later sections of out work by entering on
detailed descriptions of the features mentioned as being present in forma not yet reviewed.

It is sufficient, having mentioned them, to draw the inference that a feature which is found
constant in so large a range of vertebrate animals may be reasonably regarded as reflecting and
resulting from a condition present in their common ancestor.

In short it must be regarded as an inherited character.

There is little doubt, then, that the portion of the adductor musculature which is found
between the ramus mandibularis V and the joint is completely homologous m all the forms in

which it is found, and it appears equally reasonable to assume that it is the persistent reappearance
of the middle adductor of the i>rimitive branchial musculature.

5. The Chondrostei.

PSEPHURUS.
InPsephunis there is observed Si further stage m the reduction of the muscles in the branchial

segments ; the first stage is presented in the Holoeephali.

I have had for dissection two very well preserv^cd specimens which had a length over all

of 30 cm. They were stamcd before dissection. I have also been able to dissect specimens of

Acipemer, but a& several specios of that genus have already been fully described it is unnecessary
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to repeat the work (vide Vetter, 1878). The myology oi Polyodon was described by Danforth

(1913). His drawings so nearly represent the muscles of Psephurus that I have not thought

it necessary to illustrate this description.

The innervation of the muscles in the acipenserids has been described by Norris (1925)

and his work has saved me the necessity of tracing the motor nerves in my specimens.

PSEPBURUS.

Branciiial Segments. Hyoid Segment. Mandibular Scgniout.

c, „ . , Dorsal .

.

Superficial

Constrictors „ , ,ventral .

,

Absent Levator operculi Absent

Absent Csv.2 Csv.l

Dorsal .

.

Deep
Constrictors , ,

Veniral .

.

Absent Lev., by. Protr.by. (?)

Trans.v.vent. Tuterhyoideus Absent

Levators .

.

Lev.arc.br. Levator hyomandibulae Protr.by.

Epibranchial Spinal Muscles Absent Absent Absent

Dorsal .

.

Adductors Middle .

.

Ventral .

.

Absent Absent Ptcrygoideus

Add.arc.br. M.hyo-mandibularis Quadrato-mandibularis

Sub.arc.obi. Absent Aljsent

Depressors

Hyobranchial spinal muscles

C'o.br. Absent Absent

THE MUSCLES OF THE BRANCHIAL SEGMENTS.

The superficial constrictors are quite unrepresented.

Of the deep constrictors, a single delicate subarcualis transversus, which extends between
the basibranchial cartilages of the third ariih, is the only representative found in my specimens.

Three levatores areuura branchialium are present. They arise close together, one behind
the other, under cover of the dorsal superficial hyoid constrictor, from the side of the
cranium. They are relatively slender muscles and pass caudad, laterad, and slightly ventrad, to

their insertions. The first is inserted into the upper ends of the first and second epibranchial

cartilages, which are bound together by the tissue into which the muscle is inserted. The second
is hiserted in similar mamier into the second and third, and the thir<l into the third and foui'th

epibranchial cartilages. It follows that the first is the shortest and the third the longest of
these.

Typical small adductores arcuum branchialiiun, middle adaucrors, are present in each of
the arches except the last.

Three subarcuales obliqui are present. The first of these takes origin from the basihyal
and rims out along the ventral surface of the first basi- and cerato-branchial cartilages to be
inserted on the latter close to its dorsal end. The other two, much smaller, arise from the basi-

and are inserted onto the cerato-branchial cartilages of the second and third arches.

The coracobranchialis muscle is represented by three bands of muscle fasciculi whicl> take
orighi from the clavicle and pass dorsad, laterad, and cephalad, to be inserted into the median
ventral edge of the fifth cerato-branchial cartilage near its ventral end.

The hypobranchial spinal musculature is represented by the coracohyoideus muscle. This
is an impaired cylindrical muscle which arises from the deep sm-face of the clavicle and from a
superficial tendinous interruption to the other side of which the rectus abdominis is attached.
The muscle tapers as it extends forward to terminate in a cord-like tendon which divides anteriorly.

Each half is inserted onto the posterior and median edge of the inner end of the basihyoid of
its side. Two other very fine but remarkably strong branches of this tendon on each side are
attached to the inner ends of the second and third basi-branchial cartilages.
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THE MUSCLES OF THE HYOID SEGMENT.

The condition of the constrictor muscles in Psephurus, as in other acipenserid forms, is of

particular interest. These peculiar transition forms between the typical elaamobranch and

teleost musculature provide tho key to the understanding of the latter.

The superficial and deep dorsal constrictors appear as one continuous muscle, which from

its insortion may bo treated in two parts, (a) The levator hyo-mandibulae takes origin from the

cranium under the lateral edge of the parietal bone. There is a vacuity in the dorsal cranial

eovering bones between the parietal and the suturing ends of the post-temporal and the- dermo-

sphenotic. The line of origin of the levator hyo-mandibulae commences in front about one-third

of the length of tho vacuity from its anterior end and occupies about tlie middle third of that

length. From this origin the muscle passes ventrad, caudad, and slightly laterad, to be inserted

onto the dorsal edge of the lateral surface of the hyo -mandibular, wliich is here subdermal.

(6) The levator uperculi arises hi the same line behind the levator hyo-mandibulae and passes

parallel to it to be inserted into the dorsal margin of the opereulimi. The two portions are quite

continuous and are only described separately because of their separate insertions, and because

previous observers ha,ve divided the muscle in Acipenser and in Folyodon. The sheet of muscle

fibres is aubdermal throughout their length ; the dorsal cranial covering bones are but extensive

dermal scutes. In their passage from origin to insertion they pass deep to the conjoined post-

temporal and dermosphenotic. The muscle is innervated by twigs of the hyoid branch of the

facial which paasos deep to the hyo-mandibulo-cranial joint and winds superficiad, roimd the

top of the hyo-maudibular cartilage. Tho twigs then coui-se backward over tho surface of the

muscle.

The superficial ventral constrictors present the typical elasmobranch di\'ision into Csv.2

and interhyoideus.

The interhyoideus takes origin from the median ventral raphe behind, and partty imder

cover of, tlie Csv.l. The fibres pass laterad and slightly caudad to be inserted into the middle

t)ne-third of the length of the ceratohyoid along tho median edge.

The Cs\^.2 is continuous with the posterior margin of the mterhyoideus and it arises from

the median ventral raphe behind it. From this origin the fibres pass laterad and caudad and

then dorsad, behind the ceratohyoid, pseudohyoid* joint, along the free area of the opercular

fold, to bo inserted into the ventral edge of the splint-like suboperculum.

The muscle is innervated by twigs from tho hyoid branch of the facial. This nerve, after

becoming subdermal at the upper end of the hyo-mandibular, passes ventrad and caudad behind

that cartilage under cover of tho operculum, and then turns forward raediad to the ceratohyoid,

crosses that cartilage superficially from behind and medially cephalad and laterad under cover

of the suboperculum, and rims forward medially to the lower jaw. The intitor twigs to the

Csv.2 and interhyoideus are given off just before it crosses the ceratohyoid.

The middle adductor muscle of the hyoid arch is apparently represented by a small triangular

sheet of fibres, the M. hyo-mandibularis, which arise from the deep edge of the anterior sm-face

of the pseudohyal and are inserted into the posterior edge of the mandibular cartilage below the

maxillo-mandibular joint. This little muscle may act as a depressor mandibulae or as protractor

hyoidei.

The motor nerve for this muscle comes from the hyoid branch of the facial after it has crossed

the ceratohyoid.

THE MUSCLES OF THE MANDIBULAR SEGMENT.

The intermandibularis (Csv.l) presents two portions. These, however, are not strictly

comparable with the pars intermandibularis and pars extramanchbularia of the typical Elasmo-

branch. Rather they foreshadow the pars submentalis and posterior of the Teleosts. A similar

division of the Csv.la has been described in Musteline by Lightoller and in Acanthids by Marion.

The pars submeiitalis is composed of short fibres which cross from one mandibular ramus to the

other immediately behind the symphysis without any median interruption. The pars inter-

mandibularis (Csv.lb) is a broader sheet of fibres which take origin from the mandibular ramxis

behind the first part and nearly as far back as the ramus extends. The fibres do not cross the

* The hyoid arch oV Psephurus possesses a remarkably large intOTliya! cartilage. This, in the light of de Beer's

(1032) work on the development of the hyoid arch In the rays and Sharka, I have dosigunted the pseudohyoid, though

I have not been able to check tho identification by dofcemduing the position of the artery.
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mid-lme but are inserted into a median ventral raphe. The posterior fibres incline caudad fi'om

the mid-hne and overlap the insertion, but not the origin, of the interhyoideus muscle.

The levator maxillae superioris and deep dorsal constrictor of the raaoidibular segment

in the typical Elasmobranchs are here represented by the remarkably developed protz'actor

hyo-mandibulae. This muscle arises from the walls of a large sulcus in the side of the cranium.

The sulcus extends forward above the orbit for some distance and backward behind the orbit

to the eranio-hyo-mandibular joint. This is a massive spindle-shaped muscle whose thickest

part lies between the orbit and the hyo-mandibular joint. The direction of the long axis of the

muscle is from in front caudad, with an inclination veutrad and laterad. The muscle is inserted

mto the capsule of the hyo-mandibulo-symplectie joint.

The innervation is from the trimk of the fifth nerve immediately after it emerges from the

trigeminal foramen. The innervation is somewhat peculiar m that the twig enters the deep

ventral surface of the muscle immediately behind the orbit. It is unusual for the motor nerve

to the muscles of the fishes to penetrate the muscle before breaking up.

The dorsal oblique adductor and the middle adductor muscles of the mandibular arch are

both present.

The dorsal oblique (pterygoideus muscle) is the larger of the two parts of the adductor

mandibularis of previous observers. It arises from the outer surface of the palatoquadrate
cartilage right forward to the symphysis. Commencing as a quite thin muscle at the mid-line

anteriorly, it increases in bulk as it extends back along the hollow of the expanding cartilage.

Near the posterior end of the cartilage it turns sharply ventrad, passes through a check ligament

and is inserted onto the outer and upper surface of Meckel's cartilage a short distance in front

of the joint. The check ligament is a very strong band which arises behind from the fibrous

capsule of the Q-M. joint, passes forward subcut^meously and then turns mediad beneath the

buccal mucosa at the angle of the mouth and is inserted onto the deep surface of the same capsule.

The middle adductor (quadrato-mandibularis) is much the smaller component of the adductor
musculature of the jaws. It takes origin from the outer surface of the expanded posterior and
of the palatoquadi'ate cartilage. It tapers very rapidly and passes beneath the check figament

to be inserted onto Meckel's cartilage behind the pterygoideus and just in front of the joint.

These two muscles are not fusedm any part.. They are separated at thoir contiguous margins
by a deep fissure in which is lodged the mandibular ramus of the fifth nerve. Both miiscles

are innervated by twigs from the mandibular V.

Psephurusy in its visceral musculature, is very similar, not only to the alUed Polyodon, but
also to Acipenser. I have tabulated below the muscles foimd in the latter by Vetter (1878)

and in the former by Danforth (1913) along with those of Psephurus.

This table not only clarifies the synonymy of ziomenclatm*e, but presents also the agreements
and differences in the three forms.

Acipemer Polyodon

.

Piieplmrm.
(Vetter.) (Danforth.) (Kesteven.)

Cs.l ? ?

Cs.2 (and 6 ?) Geniohyoideas CSVJ
Gs.3 and 4 Not described C8V.2
C8.5 Not described Interhyoideus
Add.mandibulae Add.mandibulae

pars.ant. Pterygoideus

pars.post. Quad.-niandib.
Protr.hyo. Protr.hyo. Protr.iiyn.

Retr.liyom. Retr.hyom. Lev.hyom.
Mus .operciilaris Not described Lev.opcrc.
Not described Not described Hyo-mandibularis
Lev.arc.br. (5) Lev.arc.br. (4) Lev.arc.br, (3)

Add.arc.br. (3) Add.urc.br, (4)* Add.arc.br. (4)
Interarc.vent. (5) Interarc.vent. (4) Subarc.ohliqui (3)
Not described Transv.dors. Not found
Not described Trans .vent. TransV. vent.
Branch-mand. Branch-mand. Not found
Coraco-arc.post. CoraCO-arc. Goraco-arc.
Coraco-arc.aut. Piiaryngo-clav. Coraco-liyoideus
Interbraiichiales Not found Not found

* Norri.'i (1925) reports a flffcii add.arc.br. in Polyodon.
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It is probable that further examiiiatioia will discover the interhyoideus and the depressor

mandibulae (hyo-raandibularis) in Polyodon, and also that the branchio-mandibularis is really

present in Psephurus ; maybe, I failed to find it in my young specimens on account of its tenuity.

THE CHONBROSTEI AND PLAaiOSTOMI.

Comparison of the cephalic musculature of these two groups does not involve us in much
that is controversial, most of the homologies being readily recognizable. The branchial

musculature does not call for analysis here.

THE Hl^OID MUSCLES.

Of dorsal constrictors we have only the levatores hyo-mandibularis and operculi to consider.

Vetter (1878) was of the opinion that these two muscles were comparable with the superficial and
deep portions of the selachian Csd.2. It will be remembered that the Csd.2, as he viewed it,

included the levator hyo-raandibularis. In our study of the dorsal constrictor sheet in the

Selachians we found there was a variable tendency of the most anterior fibres of the sheet to

become attached below to the hyo-mandibular and posterior end of the quadrate. Further

tha,n this an intimate association of the fibres in question and the levator hyo-mandibularis was
obserx^ed in the majority of the examples. In Heterodontus we foimd the most internal and
anterior fibres of the sheet acting as a levator, not only in the hyoid segment but also in the

brancliial. In view of all these circumstances it would seem that we should agree that Vetter*s

comparison is correct, and that these two muscles represent the whole of the dorsal constrictor

sheet of the hyoid segment.

Hyo-mandibularis. The homology of this little muscle is very doubtful. Its innervation

by the hyo-mandibular ramus of the Vllth nerve indicates that it is a hyoid muscle. Its relation

to the middle joint of the arch suggests the identification given in the text and table.

Protractor Hyo-may^dihidaris.—There is no room for doubt that in identifying this muscle
with the levator maxillae superioris of the Selachians Vetter was correct. Its innervation and
position alone would lead to this decision, but when, in addition, one is able to compare the

muscle with the levator maxillae superioris in such forms as Sphyrna and Carcharhitms, its

remarkable forward extension ceases to be a peculiar feature. The transference of its insertion

to the distant end of the hyo-mandibular is an interesting example of adaptation to the require-

ments of the altered skeletal structures.

The identification of the anterior part of the adductor of the jaws as the pterygoideus rests

upon its relation to the mandibular and maxillary rami of the Vth nerve. That relationship,

however, is so very constantly maintained in all the variations of the muscle among the Selachians

that the identification is made with confidence.

6. Holocephali. (Pigs. 18-21.)

Vetter described the musculature of the head oi Chimaera monstrosa in 1878 and I described

that Callorhijnchus antarcticus in 1933. The cranial nerves of (7. monstrosa were described by
Cole (1896) and those of Callorhynchus by myself.

For the purposes of the present work I have dissected Chimaera ogilbyi Waite.

I reproduce, with the lettering slightly altered, my drawings of the muscles of CaUorhynchns^

and describe the muscles briefly in order that their homology with those of the Plagiostomi

may be discussed.

Nomenclature and synonymy

C. monstrosa

(Vetter.)

IiiterbrancWales

Protr.arc.br.

iVot described

Not described

Not described

Add.arc.br.

Cor.br.

Callorhynchus

(Kesteven.)

Obliqui ventrales

Lev.arc.br.ant.

Lev.arc.br.post.

Med.dors.int.obi,

Lat.dors.int.obi.

Exter.dors.obl.

Cor.br.

C. ogilbyi

(This work.)

Interbranchiales

XoV.arc. lir.aiit.

Lev.arc.br.post.

Epibr. spinal

Obliqui dors.

Add.are.br.

Cor.br.
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C Monstrosa Callorkynchus C. ogilbyi

(Kesteven.) (This work.)

Not described Depr.rost.et vel. Depr.veli

Cs,2 \. au..^ 1 ) ^pdi s cireuiiiifi )

Hyoidcus sup. Depr.mand.8Up. Depr.mand.sup.
•I HyoidL'iis inf. Genio liyoideus Tnterhyoideus

Not identifled Depr.niand.Hup. Depr.mand.sup.
Cs.4 Not identified Not identified

^ Cs.3 Post, deep coustr. Csv.2b

f Prot.Iab.aup. Frot.lab.sup.

\ Pr.sup.Iab.inf. Prot.siip.lab.inf.

Labialis post. Pr.inf.lab.inf. Csv.la
Cs.5 Ant. deep constr. Csv.lb^

Cs.l Supf.vent.ooJistr. Csv.lb
Not present lev.rost. Not represented

Lev.ang.orls 1 Lev.lab.Rup. Lev.lab,sup.

< Lev.ang.oris 2 Lev.lab.inf. Lev.lab.inf.

Add.mand. f Add.man.ant.hd. Pterygoideus

\ Add.nian.post.hd. Quadrato-mandibularis
Coraco-raand. Oor.mand. Cor.mand.
Cor.liyoideus Cor.liy. Cor.hy.

Trapezius C'ucullaris Cucxdlaris

^ Not described Sph.oes. Sphincter oesophagi

The Muscles of the Bkanchial Segments.

Attention is particularly dravn^ to the reduced interbranehial muscles. Each is a small
fan of fibres with a tiiicker median edge. The apex of the fan is at the insertion of the muscle
onto the basibranchial cartilage. The expanded upper margin is placed in the septum above
the middle joint of the arch. The thicker edge, alongside of the cartilages, extends upward
to an origin from the epi-branchial cartilage close to the origin of the adductor of the arch.

These reduced interbranchial muscles will be met again in Neoceratodus and in immature
stages of the other groups of amphibians. In these latter they liave been described as muscidi
marginales (Edgeworth, 1911, p. 232).

Only two branchial levatores are developed in each of three holocephalans which have been
studied. The anterior levator arises from the ventrum of the skull in the region of the orbit ;

it is a narrow ribbon of muscle which passes ventrad, ca\idad, and laterad, to be inserted into the
junction of the first and second epi- and eerato- branchial cartilages. It is innervated by the
post-trematic ramus of the glossopharyngeal nerve.

The posterior branchial levator arises from the lateral edge and ventrum of the skull just

behind the orbit. Its direction from origin to insertion is mediad and slightly caudad. Broader
than the anterior levator, its insertion extends from the second well back across the fused third,

fourth and fifth pharyngo-branchial cartilages.*

The adductores arcuum branchialium are quite typical muscles, so .similar to those of the
Plagiostomes that they do not call for description.

The coraco-branchialis also so closely resembles that of the Plagiostomes that it calls for

no further comment.

MUSCLES OF THE HYOID SEGMENT. (Figs. 18 to 21.)

The depressor rostri et veli (Fig. 18, Csd.2) (in Chimaera, depressor veli only) is a very thin
layer of muscle fibres which has an indefinite origin in the superficial fascia behind the jaws.
Its fibres course forward and dorsad over the side of the face and have an indefinite insertion in
the superficial tissues of the velum. In my account of the muscle in Callorhynchus I stated that
it was innervated by the maxillary division of the Vth nerve. Observation of the depressor and
levator rostri in batoid species leads me to think that I may have been in error m so stating.

In the Batoidei the rostral muscles arise far back and, in some species, are certamly iimervated
by the facial nerve. In two of the species I dissected I found bi-anches of the facial terminating
by penetrating the muscle. In no species was I able to find any branch of the Vth reaching either
of these muscles.

* It is wortliy of notice that the composition of the branchial skeleton in its dorsal portion recalls strongly that
of the Teleosts, especially so in the case of the fused pharyngo-branehlals.
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In Ghimaera ogilbi/i, as in Callorhynckus^ I find twigs of maxillary ramus of the Vth nerve

penetrating the muscle from its deep side. These twigs arc quite numerous and it was assumed
that some of them supplied the motor nerve for the muscle. I find, however, in both of the

species, that there are also a few twigs from the external mandibular branch of the hyo-mandibular
ramus of the facial which course forward over the surface of the muscle. These I now regard

«bs the motor supply to the muscle.

The levator operculi (Csd.2b, Fig. 18), a thin sheet of muscle fibres which arises above and
behind from the fascia dorsalis and runs ventrad and cephalad over the opercular membrane,
and which is imiervated by the external mandibular branch of the hyo-mandibular of VII, can

be none other than the posterior portion of the dorsal superficial constrictor of the hyoid segment,

the Csd.2b.

The ventral sui^erficial constrictors are not readily defined from those of the mandibular
segment. It seems probable that the posterior part of the superficial ventral constrictor of my
description of GallorhynchuSy and the posterior deep constrictor beneath, under cover of it (Csv.2,

Fig. 19) represent the superficial constrictor of the hyoid segment. These have an indefinite

origin in the superficial fascial structures over the anterior and ventral part of the opercular fold

and are inserted into a median ventral raphe. Twigs from both the mandibular ramus of V
and hyo-mandibular of VII can be traced into the muscle.

Tlie interhyoideus presents an interesting condition, apparently intermediate between the

pi"Otractor hyoidei of the teleosts and the interhyoideus of the plagiostomes, but, as the inter-

hyoideus is certainly innervated by the Vllth nerve, and the protractor hyoidei by the Vth as

well, we cannot be quite certain that the condition is truly intermediate.

The muscle is inserted into the fibrous investment of the symphysis of the lower jaw beneath
the mucosa of the mouth. Traced back to its origin the muscle passes laterad, caudad, and
.slightly ventrad, to arise onto the apex of the angular expansion of the posterior border of the

ceratohyal about the centre of the length of the cartilage. The muscle is ribbon-like, tapering

from its tendinous origin to the broader muscular insertion, and it is mnervated by a twig fi'om

the superficial internal mandibular branch of the hyo-mandibular ramus of the Vllth nerve.

Thei-e is also possible an iimervation by the glosso -pharyngeal nerve, but it is believed that the

branch of this latter nerve which was traced to the muscle is a sensory nerve.

The depressor mandibulae superioris (Cd.2.pr., Fig. 19) is particularly well developed in

Chimaera ogilbyi. It arises by a strong fascia from the deep edge of the lateral border of the

suspensorial lamina of the skull. This fascia is attached along the full length of the lamina and
is continued back behind it, attached to the fascia dorsalis, deep to the origin of Csd.2b, to gain
an attachment to the pectoral arch where that lies against the tnmk muscles. The muscle itself

commences at the posterior end of the cranial lamina and passes forward in contact with that

lamina and then passes down behind the Q-M. joint and is mserted by a fibrous ribbon into the
posterior edge of Meckel's cartilage below the jomt, and by an extension of the ribbon, along
the inner side of the cartilage, almost to the symphysis. The posterior and deeper fibres pass
more deeply and transversely, also by fibrous extension, to gain an insertion onto the inferior

surface of the hypohyal, passing under the coraco-mandibularis to reach this insertion. This
is apparently the hyoideus superior of Vottor.

THE MUSCLES OF THE MANDIBULAK SEGMENT.

There is no muscle m any of the three forms studied which may be identified as a repre-
sentative of the dorsal constrictor.

Csv.la.—In Callorliynchus this arises from the ovitor surface of Meckel's cartilage at the
iipper margin near the anterior end and is attached to the inner surface of the posterior end
of the large lower labial cartilage. In Chimaera there is no such cartilage developed, and the
muscle is inserted into the supei-ficial tissues of the lip near the angle of the gape.

CsvJb (Fig. 18).—This arises in the fascial structm-os of the deeper layers of the velum and
side of the face behind and below the mouth. It is an indefinite sheet of fibres which pass ventrad
and caudad to lose their identity in the deeper layer of the Csv.2 below the inferior angle of
Meckel's cartilage. The muscle is certainly innervated by twigs from the mandibular ramus
of the Vth nerve and also, apparently, by twigs from the external mandibular branch of the
liyo-mandibular ramus of the Vllth.
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Csv.lb^ (Fig. 18).—III view of tlie fact that in Callorhynchufs the posterior fibres of this

muscle are continuous with the ventral fibres of the levator opercuU and the anterior with ventral

fibres of the depressor roatri, this muscle might be described as a typical extra mandibularis.

The protractor labii superioios (P.l.s., Fig. 20) and protractor superior labii inferioris (P.s.l.i.,

Fig. 20) form a Hat muscle interrupted by the posterior superior labial cartilage. It arises from

the anterior upper labial cartilage and is inserted into the tissues of the lip behmd the gape or

mto the perichondrium of the large lower labial cartilage on its outer side near the posterior

end.

The levator labii inferioris (L.l.i.), levator labii suporioris (L.l.s.) (and the levator rostri

(L.r., Fig. 20), present in CaUorhynchas only) are three relatively tliick strap-like muscles which

arise in front of one another from the crest of the skull in frout of the orbit. The first is inserted

into the inner surface of the large lower labial cartilage and/or the tissues of the lower lip just

behind the angle of the gape. To reach this insertion the muscle passes deep to the last rnuaele

and the small lower labial cartilage. The levator labii superioris is inserted into the tissues of

the upper lip at the edge of the upper jaw, having passed deep bo the upper labial cartilages to

reach its insertion. The levator rostri, parallel witli these two and ui front of the last, is inserted

into the lateral ligament of the rostrum. To reach this insertion it turns shaiply forward beneath

a chock ligament, the hgamentum radicis rostri.

These three muscles are not fused at their contaetual edges, bul may be cleanly and com-

pletely separated throughout their length. All three are innervated by twigs from the maxillary

ramus of the Vth nerve.

The Pterygoideus (Fig. 21).—^This is the massive adductor muscle of the lower jaw. It

arises from the greater part of the lateral and dorsal surface of the skull between the orbit and

the nasal capsule. From this very extensive origin the fibres converge to be inserted into the

outer surface of Meckel's cartilage. Innervati<3n is by twigs from both the maxillary and

mandibular rami of the Vth nerve.

The relation to the uerx^es is important. I quote from my description of the nerves in

Callorhynclius :
" The maxillary and mandibular rami of the fifth nerve cross the floor of the

orbit below all the octdar muscles, along with the buccal division of the seventh. The trigeraintxl

branches lie medial to the buccal nerve. As the orbit is crossed the nerves broaden out and

the buccal and maxillary nerves como towards the surface, the former ovcrlymg the latter.

Their situation then is upon the ribbon-like lovatores of the upper and lower lips and the rostnmn,

and beneath the volar muscles . . . The maxillary division of the trigeminal nerve runs forward

under the main stream of the buccal branches, and its terminal fibres end on the surface of the

muscles beneath it. Branches to the adductor mandibulae (pterygoideus) are given off within

the orbit and roach the muscle deeply. The mandibular division of the fifth nerve leaves the

orbit deeply between the two heads of the adductor mandibulae muscle. (That is between the

pterygoideus and the quadrate -mandibularis muscles.) It gives off a niunber of twigs to that

muscle, some three or four of which turn downwards to supply the small posterior head of the

muscle. (The qnadrato-mandibularis.) The nerve comes to lie upon the same ribbon-like

muscles as does the maxillary division (but low down) at the anterior end of the valley . . . and

{then) continues forward to the angle of the mouth."

The quadrato-mandibularis is reduced to quite a small muscle which arises from the quadrate

part of the lateral expansion of the skull belund the origm of the pterygoideus and below the

orbit. It passes down and forward to an insertion on the outer surface of Meckel's cartilage

behind the pterygoideus muscle.

The hypohranchial spinal muscles, coraco-hyoideus and coi*aco-mandibularis are typical

elasmobranoh muscles and do not call for further comment hero.

Review.

The branclual muscles depart from elasmobranch standards in several interesting features,

each of which may be regarded as foreshadowing either teleost or amphibian characters.

The levator sheet is reduced to two muscles only, omitting the trapezius. These resemble

so closely the levatorcs of the teleosts that there appears little room for doubt that the muscles

are completely homologous. Each of these muscles is innervated by two post-tromatic nerves

(Cole, 18!)t>, pp. 665, 667, 668, 669), the anterior by post-tromatic rami from the giosso-pharj-ngeal

and the lu'st branchial of the vagus, the posterior by those rami from the second and third branchial
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divisions of the vagus. This innervation may be acceplecl as evidence thafc each is a composite
muscle, and that togetlier thoy represent four branchial levator muscles. The levator muscles
of the Teleosts also are innervated by the branchial divisions of the IXth and Xth nerves if

Herrick's observations on Menidia hold true for the whole class (Herriek, 1899). This wonld
seem to clinch the case in favour of the homology of the holoeephalan and teleosfcean branchial
levator muscles, but what of the question as between the former and the selachian levatores ?

Here the decision is not so easily arrived at.

Lightoller asserts that the branchial levatores in the Selachians he studied are uaiervated
by the ftrst five spinal nerves, and these nerves, he states, also innervate the superficial dorsal
constrictor muscles, these motor nerves coming from a dorso-lateral ramus of each nerve. He
further states that the ventral rami of the first six spinal nerves combine to form a " large nerve
trunk . . . (which) . . . proceeds caudally for a short distance to gain the space caudal to the
gill basket . . . The terminal branches supply the ventral constrictors eaudad to the second.''

Non-is and Hughes (1920) omit to mention the innervation of the superficial dorsal constrictoi-s

and the levatores, but they state definitely (p. 369) that the ventral constrictors are innervated
by the post-lrematic rami of the braneliial divisions of the Xth.

In Pristiophoriis and in Ckiloscyllium I foimd, in addition to the perforating twigs of the
dorsal rami of the spinal nerves described by Lightoller, small twigs from the post-trematic rami
of some of the vagal branches coursing over and ending {)n the metlial surface of the levatores.
I have been able to confii-ru Lightoller's observations in Mvstelus and have not found any twigs
from the post-trematic rami of the Xth related to these muscles.

In all the seven selachian types and ui the five batoid types which I have dissect-ed I have
detected fine twigs from one or more of the eight post-trematic rami passing dorsad and laterad
along the dorsal extrabrancliial cartilage or, in its absence, the tendinous intersection which
takes its place, and ending on the stu-face of the superficial dorsal constrictor. These I have
regarded as the motor nerves to the muscles. Vetter describes the dorsal constrictor muscles
as being innervated by the glosso-pharj'ngeal or vagus, in Acanthias, Scytnnus and Heplatwhus.

There is, then, a fittle doubt as to the ianervation of the superficial doi-sal constrictoi-s and
the branchial levatores in the Plagiostomi. If, however, we assume that the levatores are
mnervated by the spinal nerves and, on that accoimt, look elsewhere for the homologues of the
holoeephalan and toleostoan levatores we find that the only other epibran(!hial muscles present
in the plagiostomes are the epiarcuaUa obliqui and the epibrauclnal sphial muscles, and these
are both present in the Holocephali, and, moreover, the latter also are innervated by spinal
nerves.

We are, therefore, compelled, per exclusionem, to conclude that the branchial levatores
are homologous muscles in all three groups.

Having hi mind the fact tliat the dorsal rami of the spinal nerves are entirely motor in
character (vide Norris and Hughes), ifc seems certain that the twigs which Lightoller describes
as reaching the levatores and dorsal constrictors must bo motor nerves to these muscles. In
view of the fact that the post-trematic rami are not pure motor noives, it is not so certain that the
twigs which I, and presumably Vetter, observed reachmg these muscles are motor nerves. On
the other hand, the innervation of the homologous levator muscles in the Holocephali and
Teleostomi at least justifies the assumption that there is a double innervation of the levatores
m the Plagiostomi, and that the spinal innervation has been lost by the muscles of the other
groups.

The inlerbranchial muscles of the Holocephali are of interest, not only as foreshadowing
those of the primitive and immature amphibians, but also as presenting a definite half-way stage
between the fully developed muscles of the plagiostomes and their complete absence from the
iiitorbranchial septa of the teleostomes.

In the form of the epibranchial spinal, tlie epiarcualia obliqui and the coraco-branchialis
muscles the Holocephali are typically elasmobranehian,

The peculiarly modified superficial muscles of the hyoid and mandibular segments are
sui generic, and do not throw any light on the modifications of these muscles in the teleosts or
higher vertebrates.

The interhyoideus is a particularly interesting muscle. It is quite certainly innervated
by the facial nerve. Herriek (1899, pp. 157-160) discusses the genio-hyoideus and inter-
mandibularis muscles of the bony fishes. He concludes that "the intermandibularis, genio-
hyoideus and hyo-hyoideus of gaiioids and teleosts have miquestionably been derived from this
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ventral constrictor system of the selachians " innervated by the Vth and Vllth nerves. After

discussing an ill-founded assumption by Rudge (1897) that the muscles are imiervated by the
V^IIth nerve in all forms by anastomosis, peripheral or intracranial, he states : In Mentdia,

at any rate, it is clear the exact reverse is true, the apparent innervation by the facial in reality

being derived from the motor nucleus of the trigeminus, as there is no possible opportimity for a
confusion at any point between the motor fibres of the V and VII nerves Vetter found the

genio-hyoideus in J^Jsox to be innervated by the facial, and Herrick confirmeti this observation

hi Gadus (I.e., p. 157). In both these instances and in Amia (AUis, 1897) the innervation by the
facial is by a branch which communicates with the trigemmus. From this Herrick infers that

"in forms like Esox^ in which the so-callod genio-glossus (genio-hyoideus) is innervated from
both V and VII nerves we may asstmio that the muscle represents both facial and trigeminal

constrictor systems, comparable with those of Ceratodiis, while in Menidia and most other teleosbs

the VII portion has been lost and the muscles 'genio-hyoideus', together with the inter-

mandibularis, represent the ventral constrictor muscles of the ' trigeminus ' segment, the facialis

constrictor niiisclos being represented only by certain dorsal opercular muscles and by the

branchiostegal muscles

The interhyoideiis of the Holocephali differs from the similarly-named muscle in the

Plagiostomi in arising from the fibrous investment of the symphysis of the lower jaw, deep to

the insertion of the coraco-mandibularis instead of from the deep siu^faee of the median ventral

fascia superficial to that insertion.

Unless we ai-e to regard it as an entirely new development, without any homologue among
the muscles of the plagiostomes, we are forced, once again per exclusionem, to homologize the

two muscles notwithstanding this difference. If we accept this identilieation we assume that

the hypobranchial spinal muscles grow forward between the deep and superficial ventral con-

strictors instead of, as in the plagiostomes, deep to them both.

The assiunption appears reasonable.

In 1910 Hohnqvist described "many varieties of the interhyoideus and protractor hyoidei

of the teleostei ". Unfortunately I have not been able to consult this work, but Edgeworth
(1928, pp. 61-63) briefly reviews it and adds brief descriptions of the muscles in several bony
fishes. He asserts that, " the Protractor hyoidei of many teleostei is a compound muscle,

being an Intei-mandibularis posterior plus Interhyoideus and the assertion is based on sountl

embryological evidence.

It may finally be concluded that the interhyoideus muscle of the Plagiostomi and of the

Holocephali are homologous muscles and that the protractor hyoidei of the Teleostomi is derived,

in part, at least, from this muscle.

The return to a superficial position, which the muscle occupies in the bony fishes, is due to

the fact that the hypobranchial spmal muscles do not extend forward to gain an insertion onto

the mandible.

The depressor mandibulae superior. This muscle also is of particular interest. It is

unquestionably derived from the anterior portion of the hyoid dorsal constrictor, the Csd.2.pr,

and probably also the closely related hyoid levator of the plagiostomes. The particular mtorest

attaching to the muscle is that it appears to confirm in part, at least, Lightoller's statement

that the depressor mandibulae of the AxolotI " is a composite muscle and represents the second

levator and the pars quadrate-hyoidea of the Elasmobranchci There is reason to believe that

no IXth nerve compoiients supply motor elements to the muscle in any of the Amphibians.

jNTori'is describes, in Sirc7i (1913, p. 296) and Norris and Hughes (1918, p. 527) in the Caecillians,

immixed innervation by VII.

Any attempt to detennine the homology of the muscle formed by the protractor labii

superioris and the protractor superior labii inferioris, in the present state of our laiowledge must
be based on their innervation alone. Obviously they belong to the mandibular segment, foi'

very definitely they are innervated by the Vth ner\^e.

The three levatores of the lips and of the rostrvun are in much the same case. We observe,

h(iwevor, that the levator maxillae superioris, so constantly present in the plagiostomes, is

apparently missing from the holocephalan head. As <leveloped in such fomis as Mtistelus

Chilosc ifIlium and Heterodontus, there is little in common between the lev.max.sup. and the

muscles we are considering, but in Sphyrna and Carcfiarhinus we find the maxillary levator

arishig fi-om an extensive area of the side wall of the skull between the orbit and the nasal capsule.
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The resemblance in. origins iu these examples might suggest homology with the holocephaian

muscles.

On the other hand, the levator maxillae superioris lies, always, caudad or superjfieial to the

R. maxillaris V, whilst these holocephaian muscles lie rostrad and deep to that nerve. The
development of the levator maxillae superioris from the upper portion of the mandibular muscle

plate appears to render it quite impossible that the muscle should acquire a situation rostrad

and deep to this nerve. For the present, the most that can be said is that these muscles are

derived from the same part of the muscle plate as the pterygoideus.

The pterygoideus. That this is the homologue of the pterygoideus of the plagiostomes

seems to be quite satisfactorily proven by its relation to the mandibular and maxillary rami of

the Vth nerve, and by a comparison with the pterygoideus muscle in ChiloscyIlium.

The quadrato-mandibularis muscle lying behind the pterygoideus, with the nerve between

them, is very much reduced and would appear to represent the pars posterior only of

the plagiostome muscle.

It will be noted that in these last two muscles the Holocephali again present resemblances

rather to the Amphibia and Teleostomi than to the rest of the Elasmobranchii.

From the foregoing review it is apparent that in their epiarcualia obliqui, epibranehial

spinal, coraco-branchialis and hypobranchial spinal muscles the Holocephali are essentially

elasmobranchial in character. In the form of the branchial levatores, the levator operculi and
the interhyoideus they resemble the teleosts. In the form of the interbranehial muscles, the

adductors of the jaws and the depressor mandibulae they resemble the amphibians.
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The resemblance in origins in these examples might suggest homology with the holocephalan

muscles.

On the other hand, the levator maxillae superioris lies, always, caudad or superficial to the

R.maxillaris V,, whilst these holocephalan muscles lie roatrad and deep to that nerve. The

development of the levator maxillae superioris from the upper portion of the mandibular muscle

plate appears to render it quite impossible that the muscle should acquire a situation rostrad and

deep to this nerve. For the present, the most that can be said is that these muscles are derived

from the same part of the muscle plate as the pterygoideus.

The pterygoideus. That this is the homologue of the pterygoideus of the plagiostomes

seems to be quite satisfactorily proven by its relation to the mandibular and maxillary rami of

the Vth nerve, and by a comparison with the pterygoideus muscle in Chiloscyllium.

The quadrato-mandibularis muscle lying behind the pterygoideus, with the nerve between

them, is very much reduced and would appear to represent the pars posterior only of the

plagiostome muscle.

It will be noted that in these last two muscles the Holocepliali again present resemblances

rather to the Amphibia and Teleostomi than to the rest of the Elasmobranchii.

From the foregoing review it is apparent that in their epiarcualia obliqui, epibranehial

spinal, coraco-branchialis and hypobranchial spinal muscles the Holocephali are essentially

elasmobranehial in character. In the form of the branchial levators, the levator operculi and

the interhyoideus they resemble the teleosts. In the form of the intei-branfrhial muscles, the

adductors of the jaws and the depressoi- mandibulae they resemble the amphibians.

THE MUSCLES OF THE BONY FISHES.

The whole of the teleostomes are, in their cephalic musculature, essentially similar. There

are differences between individual members of the Teleostei as great as those between them, as

a group, and Polyptems and/or Lepidopterus and Amia ; nor, with the possible exception of the

bi anchio-raandibularis muscle, are such differences of a more significant character.

TELEOSTOMES.

Branchial Segments. Hyoid Segment. Mandibular Segment.

Superficial

constrictors

Dorsal .

.

Absent Lev.operc.hyohyoideus Absent

Ventral Absent Hyohyoideus Protracto r hyoidei Submentalis

tnterra.post.

Deep
Dorsal .

.

Absent Absent Dil.operc.

Constrictors
Ventral .

.

Subarcualia transv. Absent Absent

Levators .

.

Lev.arc.branch Add.arc.pal., Add.hyoni.,

Add.operc.

Lev.arc.pal.

Epibranehial Spinal Muscles .

.

Retr.dors.arc.br. Absent Absent

Adductor

Muscles

Dorsal .

.

Epiarc.obliqui,

transverai and recti

Absent Pterygoideus

Middle Add.arc.br. Absent Temporomassetericua

Ventral .

.

•Subarcualia obi. Absent Absent

Ventral Interarcual Muscles .

.

Subarcualia recti Absent Absent

Depressors Claviculo-branch

.

Absent Absent

Hypobranchial Spinal Muscles Claviculo-hyoideus Genio-hyoideus Absent

• These muscles are derivatives of, or substitutions for, the interbranchialis muscles of the Plagiostomes. They

develop from the deep portion of the primordial muscle plate.
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Material.—One specimen of Polypterus {senegaUis ?).* Several heads of Amia and of

Lepidosteus osseus and platystomus^ Among modern teleosts I have dissected Platycepkahis

Jiiscus Cuv. and Val., Mugil cephalus Linne, Girella tricuspidaia Quoy and Gai., and Anguilla

reinhardti Stdr. Of thene four speeie-s 1 have had many specimens, the four tiBh being very

common. In addition 1 have had one ur more specimens of the following, and all have been

more or less completely dissected and studied : Kpibulus insidiator Pallas, Vrepanichthys pumtatus

Linne, Zaiwlistius elevatus Ramsay and Ogilby, Cantherines ayraudi Q. and C!., Gonorkynchus

greyi Rich., Fistidaria petimba Lacep.. Hemirhajnphus irtterrnedius Cantor, Balistapus acidealus

Liame, Tandanus tandanus Mitchell, and Cmdoulanifi megaMomus Rich.

For moHt <jf this last group of species my thanks are tendered to the Trustees of the Australian

Museum and to Mr. G. P. VV'hitley.

THE MUSCLES OF THE BRANCHIAL SEGMENTS.

There are neither supei'licial nor deep constrictor muscles present in the branchial segments

of any of the teleostoraes.

It is very doubtful whether the epibranchial spinal muscles of the elasraobranchs are

developed in the bony fishes. Edgeworth (1S>11, p. 266) discusses the ''Muscles Derived from

Trunk Myotomes Passing to the Upper Ends of the Branchial Bars \ He confiims Furbringcr's

observations (1897) as to the origin of these muscles in the Elasmobranchs and their innervation

by occipito-spinal nerves, and further asserts that the retractor areuum branchialium dorsalis

of Teleosts has similar origiti in Amia and in Lepidosteus. In view of the fact that, for the purposes

of the work quoted from, Edgeworth studied the development of the muscles of those two forms

and also of Salmo, it woukl appeai- that tliis is the only spinal epibranchial muscle in the teleosts.

Tn Scyllium these epibranchial muscles are developed from the fii-st to the fom'tli spinal myotomes.

In Amia the muscle is developed from the sixth to the thirteenth, and in hepidonieus from the

Ihii'd to the ninth trunk myotomes (vide Edgeworth). theiefore, though of similar origin, it is

doubtful whether it is strictly homologous with the .spinal cpibrantrhial muscles of the

Elasmobranchii.

The branchial arc-hes of the Teleosts are, when compared with those of the Elasmobranciis,

crowded together under the cranium and they have become extensively fused dorsally. We
have seen this crowding initiated in the Holocephali and have obser\'ed it to be accompanied

by a suppression of the superficial constrictors, a marked reduction in the size of the deep con-

strictors, and a reduction in the munber of the branchial levators. In the Teleosts the crowding

is more pronounced, and is accompanied by a suppression of the deep constrictors as well as of

the supei-ficial ; the levators, on the other hand, are not so reduced in nmnber, whilst the other

branchial epibranchial mtiscles present not only greater development, but also an increase in

mmiber and in diversity of form.

In the result we have, in addition to the levators, the following dorsal branchial muscles to

describe : epiarcualia obliqvii. epiarcualia transversi and epiarcualia recti.

A<lductoms arcuum branchialium are present and are quite sunilar to those of the

Elasmobranchs

.

There is also a striking increase in the number and variety of ventral branchial muscles.

In addition to the depressors, and the coraco-branchialis, there arc also subarcualia obliqui,

suVjarcualia transversi and subarcualia recti.

Edgeworth (1911) reserves the term hypobranehial cranial for the coraco-branchiaUs

and its homologue the pharyngo-clavicularis. He states that, in the Teleostomi, in branchial

segments where these muscles are not formed there is a downward and inward gi-owth of the

ventral ends of the branchial myotomes to form the lower portions of the obliqui ventrales

(subarcuales obliqaii). He further states that the portions of the branchial myotomes next abo\'e

the aniagen " of the coraco-hranchialis form the upper portions of the subarcuales obliqui in

teleostoman embryos, and that these may or may not unite with the lower portions. In a later

work (1928) describing the development of some of the cranial muscles of Ganoid Fishes, including

Aripenser^ he demonstrates that from the ventral end of a branchial muscle plate there may

• This was a young specimen 50 nim. in length, which 1 received from Prof. Graham Kerr, to whom my grateful

llianks are tendered. The specimen was di\ided in halves along the mid-sagittal plane. Both halves were stained

with carmine and picric acid ; one was dissected under a Greenough binocular dissecting microscope, tlie other was

cut int<i serial sections parallel to the plane of divi-sion. For the sectioning of the lipeciiwen and its mounting I have

to thank Prof. C. W. Stump.
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develop any one of the three fomiH of ventral branchial muscle met with in the Toleosts, and
further, that an originally single transvorftiis ventralis (snbarcualis tranwersus) may split, in

later embryonic stages, into a subarcualis transverBus and sxibareualis obliquus, and, finally, that

the oblique muscle " may be formed either from a fully developed transversuH, i.e.. from on©
whicii meets its fellow in the midline ... or from an incomplete one, i.e., from one which passes

inwards towards but does not actually join its fellow."

It will be remembered that the deep branchial constrictoi' (interbranchial muscle) of the

Elasmohranchs is dcv^eloped from that portion of the branchial muscle plate which lies between
the " anlage " of the eoraco-branchialis below ajid the adductor arcumn branchialimn and
epiaroualis obliqmis above. In short it is developed from the same portion of the plate as the

intrinsic ventral branchial muscles are de\'eIoped in the Teleosts.

These muscles, therefore, truly replace the interbranchial mxiscles of the Ela-smobranchs,

having with them a common origin, and to this extent, they may he regarded as homologous.

The following description of the muscles is based largely on the dissections of Platycephalus,

Angnilla and Oirella supported by notes and comparisons on other forms where called for.

ThJi: LeVATORKS AhcUUM UKANCHlAUtTM,

Of these there are, <;ommonly, four developed, hut the first two or three may divide

longitudmally, giving rise to internal and external portions which, in the adult, are described as

Beparate muscles.

Plati/cephahi.s.^There are five branchial levators present. Four of these arise close together,

medial to and behind the cranio-hyomandibular articulation, from the ventral surface of the

pterotie bone. Of these four, two are internal and two external levators, and corresponding

relation one to the other is found at their origin. The two external ai-e in line immediately next
the hyomandibuJar face and the other two in line medial to them. The general direction of tho

four from their origin is mediad. caudad and slightly ventrad. The first internal levator is

inserted onto the anterior margin of the os pharyngeum superior,* The second internal is

inserted onto the same bone further back, medial to the articulation of the second infrapharyngo-

branchial. The first external levator is inserted onto the anterior surface of the fu-st infra-

pharyngobranchial just above its attachment to the epibranchial. The second external levator

is inserted into the tip of the fourth epibranchial and by a small slip of muscle and a fine tendon,
forming an anterior head, into the third epibranchial cartilage as well. The fifth levator belongs
to the external series. It arises, at some distance from the others, from the extreme postero-

lateral comer of the pterotie bone and passes ventrad direct to its insertion onto the tip of the
fourth epibranchial cartilage lateral to the insertion of the second levator.

Angnilla.—Here also there are five levatores arcuum branchialium. Of these, four may be
described as external and one only as internal. The levator of the first arch arises from tiio

periosteum of the suboperculum. Tho point of origin is far up near the <lorso-postf!rior tip of the
bone on its inner sm-face. From this origin the muscle passes caudad, and slightly ventrad and
laterad, to be inserted on the dorso-inedial e<lge of the first epibranchial just above its joint

with the ceratobranchiai. The se^nd, third and fourth levators arise close together from the
base of the skull medial to and in front of the hyomandibular joint. They are inserted into the
second, third and fourth epibranchials, precisely as is the fu-st. The fifth arises medial to and
below the other three and passes back nearly parallel to the others but medial and ventral to

them, to be inserted onto the capsule of the joint between the epi- and pharyngo-branchials of
the third arch. This is apparently the only internal levator of the series.

Magih Tandanu.^ and Cnidoglanis.— In these three also 1 find but five levators, and their

origin and insertions are little different from those described m the preceding two genera.

Epibulus.—Here there are six levators inserted in line one behind the other along the outer
edge of tho dorsimi i>f tlie branchial basket. Of these the anterior four arise together just behind
and medial to the liyomandibular facet. They are mserted into the epibranchials of tho first

four arches just above the joints with the ceratobranchials. The posterior two external levators
arise from the postero-lateral comer of the inferior surface of tho skull just medial to the cranial
attachment of a very strong cranio-scapular ligament. They pass ventrad and shghtly laterad

• The OS pharyngeum superior in Platycephalus is formed by the fusion of the pharyngobranchials of the second,
third and fourth arches, as far as one may judge by the adult conditions.
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to he inserted oato tlie outer ends of the fourth and fifth epibranchials. The more posterior of

these two is (tarried ventrad behind the fifth epibranchial by a fine tendon which is attached to a

posteriorly and ventrally directed spur of the cerate branchial of the same arch. There are also

two internal levators. These arise in company with the anterior external levators and are

Inserted into the pharjugobranchials of the second and third arches.

Oirclla.—This genus was found to have the levators arranged exactly as described by AUis

(1903) in his account of the anatomy of the head of Scatnher.

The QanoidH.—The levators of the Ganoids have been described by AUis. Those of Amia

are essentially similar to those of Epibulus, Oirella and Scomber. The fifth external levator w
inserted onto the fourth arch as in Epihidus and is also continued ventrad to an insertion onto

the fifth ceratobrancliial and, finally, as in Scomber and Qirella, is further attached to the clavicle.

There is no sixth external levator present. In PolypUrus there are only five branchial levators.

Of these the fii*st is inserted into the junction of the first pliaryngo- and epibranchials, the second

and third into second and third pharyngobrancluals and the fourth into the tip of the fourth

ceratobranchial. The fifth is inserted into the clavicle.

Innervation.—These muscles ai*e innervated by branches of the post-trematic rami fXth

and Xth nerves.

Discussion.

The levatores arcuum branehialium in the bony fishes are, in the various genera, variable in

number, site of origin, and insertion. It may be said of them (!) that they vary in nimiber

from five to eight, (2) that they arise from the inferior surface of the skull in the neighbourliood

of the hyoraandibular facet, medial to t)ie origin of the levator and adductor muscles of the

operculum, (3) that connnonly several arise close together in tliis situation, (4) that usually one

or more arise further back at a little distance from the anterior group, (5) that the anterior one,

two or three pairs are developed from single muscles, (6) that the internal levators art) inserted

into pharjiigobranchials, or pharyngoepibranchial jmictions, (7) that the external muscles are

inserted into the epibranchials in proximity with the epi-ceratobranchial joint, (8) that the most

posterior of these levators may be inserted into the clavicle and not into a branchial element.

Kdgeworth (1911, pp. 239, 241, 291) regards this last as a reduced trapezius (see also Straus

and Howell, 1030).

The Epibbanciiiai. Spinal Musci.es (Rbtractores dobsales arcuum bbanchiauum).

Apparently there is never more than a single pair of these muscles developed in any of the

bony fishes. In the great majority the muscles arise from the side of the first one or two vertebrae,

in some forms reaching as far back as the third. Normally it is a flat ribbon-like muscle which

passes forward from its origin nearly horizontally to an insertion onto the posterior margin of

the branchial skeleton in front of the posterior transverse opiarcual muscle. The actual element

on which the muscle is inserted is apparently determined to some extent by the degree of divergence

of the dorsal branchial members from in front eaudad. Where there is a more or less closed

posterior angle between the posterior arches dorsally the insertion is onto the fourth or fifth epi-

or pharyngobraiKihial, but where this angle is more open the insertion may be onto the third or

even the second pharyngobranchial, in front of the anterior transverse muscle.

The width of the muscle varies greatly, and in some forms, e.g. Girella, the muscle is a

relatively thin rounded cord-like strand. In most cases there is no fusion with any other muscle,

but in Amia and in Plutt/cephaliiff the muscle is broad and fuses anteriorly with the anterior

transverse muscle and with its own antimere.

Anguilla is quite peculiar ; in this form the muscle is a quadrangular sheet of muscle fibres

which arise from the fascia dorsalis immediately under cover of the anterior portion of the origin

of the hyo-hyoideus and, curving ventrad in contact with the trunk muscles, is inserted into the

tip of the first and along the median edge of the second pharyngobranchial, and by a

fine membranous extension onto the third pharyngobranchial. This membranous extension

arches over the internal levator and passes laterally to the branches of the vagus nerve and to the

anterior tributaries of the dorsal aorta, and then curves slightly mediad below them to the

insertion.
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Thk Epiarci alia Obliquj (Oblique dobsales) anb Efiarctjalia Recti

(IntERARCUALKS DORSAIiES).

OtHibtless these are but forms or extensions of the one variety of intrinsict dorsal branchial
muscle of the Ela.smobranchs. The term " interarcual has been disearded for the more exphcit
designations above. The " obhqui ^" are those muscles wliose origin and insertion are both on
elements of the same arch, whilst the " recti are those whose origin on one and insertion on
another ai-eh would entitle them to the designation interarcual had not this term already been
used to indicate both varieties.

The recti vary in number from one to three, in Platycephalus there is but oixe, which arises
from the anterior and medial curved margin of the os pharyngeura superior. At its origux the
muscle is relatively thick and flat, but becomes narrowed and nearly cylindrical as it passes eaudad
and laterad to be inserted into the dorsal end of the fourth ceratobranchial, just where that is
attached to the third. In Anguilla there are two epiarcualia recti. The first is a very short
httle muscle which arises from the dorsal end of the fourth epibrancln'al and is inserted into the
thud pharyngobranchial. The second is equally small and partly fused with the second obliquus.
It arises from the fifth ceratobranchial and is inserted in front of the second obliquus onto tJie
OS pharyngeum superior, Allis, who (1903) designates them interarcuaios dorsales, de-scribes
three in Scomber. In Amia Allis (1897) describes two obhqui dorsales which pass From an element
of one aix-h to an insertion on another arch, aiid would therefoi-e fall within the present group.

The epiarcualia obliqui are more variable in number. In Platycephalus, as in Amio, there
are no epibranchial muscles which anse from and are inserted onto elements of the same arch.
In Anguilla there ai-o two of these muscles. The first arises from the epibranchial and is inserted
mto the pharyngobranchial of the third arch, the second arises from the epibranchial of the fifth
arch and is inserted mto the os pharyngeum superior. In Scomber, Allis describes three epiarcualia
obliqui.

In Lepidostms there are neither epiarcualia obliqui nor recti.

Epiarcualia TRANsvKtisi.

There are apparently always two of these mxiscles present in the Teieostome, excepting only
LepidoHeus in which neither of the tw© is present.

In Platycephalm the aiiterior transverse epiarcual muscle is a thin sheet of fibres which takes
ongm on each side from the first and second iufrapharyngobranchial and is inserted into a median
aponeurosis. The posterior margin of the muscle lies dorsally to the origin of the epiarcual
rectus. The posterior transverse arises from the fourth epibranchial and posterior edge of the
OS phaiyngemn superior and, passing horizontally mc<liad, becomes continuous with its antimere.
The retractor dorsalis arouiun branchiaUum passes forward to its insertion in contact with the
ventral surface of this muscle, separatmg it very completely from the sphincter oesophagi.

In Anguilla the anterior transverse muscle lies between the two third arches. The posterior
transverse is mtiraately fused with the sphincter oesophagi.

In Scomber, Allis describes both muscles.

In A7yiia both muscles are pi-esent.

Unfortimately we have little exact knowledge about the development of the dorsal bmnchial
muscles. The most important contributions known to me are those of Edgeworth. It would
appear that they are all developed from that portion of the branchial muscle plate which in
the Elasmobranchs, gives rise to the epiarcualia obliqui only, arid that two or more of tbrse
teleostoman forms of branchial epibranchial muscles may be developed from a single primordium
Further, it appears that the muscle or muscles developed from this primordium may grow forward
or backward to gain attachments to ar<.heK in front of or behind that to which the muscle-plate
properly belongs.

It follows from the foregoing that we must homologize all these three varieties of dorsal
branchial nmsclc with the single form we are familiar with in the Etomobranchs. It also foUows
that the numerical identification of any muscle related to more than one arch, unless it be obvioin'y
portion of an oblique muscle, will rest upon its imiervation ; and that, if tliere be a dual innel^-a-
tion, Its developmental history alone ^vill decide the question as to whether it be lu-o musclt^-plata
derivatives fused, or a single derivative which has acquired a secondary motor iimervation.
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The Addl'ctokes Aucuum BRANCHiALXcrM.

These do not call for exfcon(iod <le8ci'iption ; wimn present, they are alway.^ osyontially the

same. Each arinen from the posterior, and upper, end of a oerafcobraachial and is inserted into

the epibranchial close to the jomt with the former. The muscle is always short and relatively

stout and it lies anterior and medial to the joint.

The number of these museles which may be present varies from five to three, the last tw(»

may, an in Platycephalus^ bo more or less completely fused at their origin.

In tho ElasnioI>ranchs, Edgeworth does not regard the tiftli of tiiis stories as boinj^ homologous

with tho others, because, whereas they are developed from the branchial muscle plates, this is

developed from the constrictor oesophagi which in turn is developed from ih*.* splant^hnic mesoblast

and is therefore not a branchial muscle.

In the Teleosts, however, a muscle very similar to the constrit^tor, hut. de\'clop(Mi from tiio

fifth branchial muscle plate, takes its place : this Edgoworth designates the Sphincter otisophagi

(1928, pp. 76-77).

In tiio work just referred to, Edgeworth draws a distinction between th(! adductores arcuum
branchialiiun of the Elasmobran(Ois and those of tho bony fislies on accoimt of certain features in

their development aiul a difference iii the course of the niotor nerve to the miisclcs in t)ie two
groups. He would not regard the adductors in the grotips as homologous series, and proposes to

designate the luiisoloa iii the Ganoidoi " attraottn'Gs '\ Whilst not even ijnplying any inaocuraey

in his ohservations, ii does not appear teasonable to regard these muscle series as other than

homologous. That they are devolopetl in slightly diflbrorjt manner in the two groups may well

have come about tiirectly, without, as his view implies, the suppression of the primitive adductor

and its replacement later by another muscle. TJiis latter would involve us in the further assump-

tion that an adductor was absent from one phylogenetic stage, unless it be assumed that the later

muscle dispossessefl one already in possession nf (he site.

The case of the lifth adductor in tho Eiasmobranchs is difforont. U is not at all unreasonablo

to assume that the massive constrictor primordium and, later, the muscle itself, had extended

its attachment along the margin of the fifth arch and displaced and finally quite usurped the

situation and function of the small branchial derivative. There is no discontinuity involved

in the assumption.

VENTRAL BRANCHIAL MUSCLES.

The Subakcualia Obuqui, Thansversi and RKcrr.

That these three forms of intrinsic ventral branchial muscle develop from a comrnt>n

primordium has already been stated. They are numerically as variable as the dorsal branchial

muscles. In Amia there are four oblique ventral muscles, the fourth being that which Allis

designated the obliquus ventialis IV^. two subarcualia recti, the muscles which iVllis designated

obliqui ventrales IV^ and IV^, and two subarcualia transversi. In Platyeepkfiliis I find a single

obliquus, a single rectus and two transversi. In Anguilla there are a single rectus, three obliqui

and two transvorsi. In ^Scomber Allis desiu-ilxHl no subarc^ualia recti, two obliqui and tvvt>

transversi. Polypterus is of interest as presenting, in the adult, traces of tho origin of the muscles.

Edgeworth has studied the development of the muscles in P. Senegal tJff. Tiiero are two recti

and three obliqui. Rectus and obliquus I are developed from the first branchial muscle jilate.

Obliquus 2 almost joins its antimere to form an anterior transversus medially, and laterally it is

partially fused with the first rectus. The muscle derived from the third muscle plate remains

as a simple obliqvnis, that fi'om fourth muscle plate becomes a rectus and grows forward to hoconio

attached to the second arch. There are only four arches in Polypterus and wo have here all four

muscle plates represented. There is, in addition, a posterior transversus which is develoi>ed

from the fourth muscle plate.

Edgoworth regards tho subarcualis transversus as uior*? primitive than the obliquus ; he

tabulates the latter as being developed from the former, and we have, in a previous page, quoted

his statement to the effect that an oblirpius may be developed from a fully formed or from an

incomplete transversus.

Since the branchial muscle plates are not primarily joined one to the other ventrally. it

would appear more iji keeping with their history to regard the oblique as the primitive form and

the temporary ventral union, observed in some instances, as an abortive attempt to form a

transversus.
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Thk Rraxohial Drphessor Muscr.ES.

The muscle which we know as the coraco-brauchiaUs in the Elasniobranchs has been

designated the pharyngo-clavicuiaris by AQis. Edj^eworth, however, appHes the one name to

the muscle in all the fishes.

It would appear that only two portioiiK, at most, of the quinqueparlilve muscle of the Elasmo-

branchs are developed in the bony hshes. It ih proposed here to recognize the development of

the clavicle on the pectoral girdle and to designate the muaoles claviculo-branchialis internua and

externus, remembering, of course, that each is paire-d.

The claviculo-branchialis internus in Platt^cephulifs is a relatively Large spindle-shaped

muscle which arises by a fine tendon fiom the mesial edge of the anterior end of the fifth cerato-

bi'anchial, beneath the posterior margin of the anterior subarcual transverse muscle and between

the origin of the posterior transverse muscle merlialty and that of the external claviculo-branchialis

laterally. From this origin the muscle passes, liorizontally, caudad and slightly laterad, to be

insert<vl by another fine tendon into the lateral edge of the clavicle near its dorsal limit. The

tendon of insertion lies against the lateral surface of the anterior pectoral muscle medially and

the postero-median wall of the fifth branchial cleft laterally.

The (Uavieulo-branchialis externus is a short quadrilateral sheet of muscle fibres, of no great

thickness, which arises from the dorso-lateral edge of the cla\'icle above the anterior limit of the

origin of the anterior pectoral muscles, and passes directly dorsad to be inserted into the inner

edge of the ventral surface of the fifth ceratobianchial along the antei'ior quarter of the length

of the bone.

In Anguilla there is only the claviculo-branchialis externus. This is a relatively massive

muscle which arises from the lateral surface of the clavicle along the greater part of its length.

The most anterior fibres of the muscle pass cephalad and slightly dorsad to be inserted into the

fifth hypobranchial, the most posterioj- pass almost directly dorsad to be inserteci onto the ventral

surface of the fifth ceratobranchial. The intermediate fibres are inserted onto the whole of the

length of the interior surface of the oerato- and basi-branchials between the two limits. The
posterior limit is about one-third of the length of the bone from its posterior end.

Scomber and Amia are intermediate in condition between AnguilUi and Plati/cepkalus^ Amia
approaching tlie more nearly to the conditions in Platyceplmlus.

In Polijpterm there is but a single muscle, as in Anguilla. AIHs finds that it is possible to

.separate the muscle into anterior and posterior parts at its insertion. The latter is said to be

inserted on to that part of the fourth arcli which corresponds to the hypobranchial, the other

on the portion which corresponds to the ceratobranchial. This separation is most marked in

P. hichir and least so in P. omatipennis (Allis, 1922, p. 259).

Although reduced in number of component parts, there is no room for doubt that these

two muscles are completely homologous with the corresponding components of the elasmobranch

coraco-branchialis. That this is so is made abundantly clear by the work of Edgeworth on the

development of the muscles in the Ganoids (1928) and Elasmobranchs (1920).

It is not with(tut interest to note that the division of the muscle into partes internus (medialis)

and externus (lateralis) is foreshadowed in the batoid Elasmobranchs (see antea, p. 36).

The Pharynoo-hyoii>eus.

This very misleading name is bestowed by Allis upon a muscle which arises from the bono

which he designates " sternum " and Vetter urohyal '\ and which is inserted on to the fifth

ceratobranchial. For reasons set forth elsewhere I liave designated the bone in question
" infrabasibranchial

Actually the muscle has neither origin nor insertion on any part of the hyoid arch, and is in

all probability one of the subarcualia recti. It is not found m the absence of the infrabasi-

branchial.

In PlatyGcpiialus the muscle arises from the anterior third of the doi-sal edge of the dorsal

ridge of the bono, sharing this portion of the ridge with its antimere. From its origin the muscle
passes caudad and sUghtly dorsad and laterad, to be inserted by a fine tendon onto the inferior

-HUiface of the fifth ceratobranchial about one-third of the length of the bone from its posterior

end. At its origin the muscle is flat, but it becomes nearly cylindrical just behind the posterior
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limit of the ongin. The fibres are inserted into a tendinoiLs sheath which covers the lateral

surface of the muscle ; posterior to the insertion of the fasciculi the tendon is continued caudad
for a distance equal to half the length of the fleshy part of the muscle.

Innervation.—This is from the post-trematic ramus of the first branch of the vagxis.

The muscle in Scomber {fide Allis) is very similar ; it is innervated by a twig from the post-

trematic ramus of the second division of the vagut<, and perhaps also by a similar twig from the

fourth division.

Hypobranchial Spinai^ MUSCIiES.

The Genio-hyoideus (s. Branchio-mandibularis).

This muscle was designated branohio-mandibularis by Allis, wlio adopted the name from
Vetter. Edgeworth has studied its development not only in the bony fishes but also in the

Elasmobranchs and in several Amphibians, as well as in the Rabbit. From his work it appears
quite clear that the muscle is completely homologous with the genio-hyoideus of the Amphibia
and with the anterior portion of the coraco-mandibularis of the Elasmobranchs. I have adopted
Edgeworth 's designation for the muscle.

The genio-hyoideus is foimd, amongst the Teleosts, only in A-mia, Lepidosteus, Polypterus

and, probably, in Calamichthys. It is also present in all the Chondrostei.

It is a small muscle which arises from the mandible on either side of the symphysis, and
passes caudad to be inserted onto the third ceratobranchial or basibranchial.

Innervation.—This is by a twig from the occipito-spinal ventral trunk.

The Ci-AvicuLO-HVOiDEas.

This is a raa.ssive muscle, usually more or less completely fused along the mid-line with its

antimere, which arises from the greater part of the ventral surface of the clavicle. From this

extensive origin the muscle passes cephalad, tapering rapidly, to be inserted onto the hypohyal.
When an infrabasibranchial is present the muscle is inserted onto both dorsal and ventral surfaces

of that bone, surrounding it almost completely. The attachment to the hypohyal, however,
is still provided for by the two very strong ligaments that bind the aiitero -lateral corners of the

infrabasibranchial to the hypohyals.

Not imcommonly this muscle is quite inseparable from the anterior pectoral muscles at its

origin.

Innervation.—This is by the occipito-spinal nerves.

This muscle is completely homologous with the coratio-hyoideus of the Elasmobranchs, but
it seemed advisable to recognize, in its designation, that the clavicle is present in the place of the

coracoid, as was done in the designation of the claviculo-branchialis.

The Constrictor Muscles of the Hvoid and Mandibular. Segments.

We have already noted that the ventral constrictors of these two segments are, in

certain Teleosts, so fused a8 to render a study of their development in every form necessary

before it were possible to state where the one begins and the other ends. The dorsal constrictor

of the hyoid segment is continuous with the ventral, and it therefore becomes necessary to treat

together the derivatives oi" the elasmobranchian Osv.l, Csv.2, and Csd.2.

The SrBMENTALis Muscle and the Intermandibttlaris Posterior.

These muscles have variously been designated by previous writers. Each is, howcA'er.

homologous with only portion of the Csv.l of the Elasmobranchs and to that extent the use of

the name intermandibularis for either is misleading. On the other hand one is probably com-
pletely homologous with the submentalis of the Amphibia and higher vertebi-ata.

PlaiycepfialU'S.—The intermandibularis posterior (Csv.la) is exposed by the removal of the

skin. It is composed of two small triangular, thin sheets of muscle, each of which arises from a

short line along the inner surface of the dentary. This line commences just a little behind the

symphysis. The jjosterior few bundles of fibres of the two sheets are quite continuous across the

mid-line, but in front of these the fibres become successively shorter, the most anterior hardly

extending far enough to appear medial to the slight *' overhang " of the dentary. In the result

there is left between and in front of the two muscle sheets a fine but strong fibrous sheet, which
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is attached to the dentary bones in continuation of the line of origin of the muscle right forward

to the symphysis.

The line of origin ofthe muscle is not immediately deep to the skin. TJiere intervenes between

the skin and the muscle an appreciable interval, filled in front by loose connective tissue, but

posteriorly the superficial origin of the protra<;tor hyoidei Ires in the spac(\ There is no fusion

between this muscle and the protractor hyoidei.

Fig. 22.—Platycephalus. Mandibular and hyoid muscles, seen from below, the right side dissected

deeper than the left. Csv.Ta., M. interraandibularis posterior; Csv.lb., M. protractor hyoidei;

C.hy.i. & m., The lateral and medial parts of the M. claviculo-hyoideus ; C.hy., The ceratohyoid

cartilage
;

Cav,2, M. hyo-hyoideus ; H.hy., The hypohyal cartilage.

Mugil.~in this genus the subraentalis is peculiar in being placed dorsally to the protractor

hyoidei, immediately beneath the oral mucosa. It is, however, not dorsal to the basihyal {giosso-

hyal), which lies in a fold of the oral mucosa which covers it both dorsally and ventrally, so that

it projects, as in many other fishes, forward on the floor of the mouth. The submentalis muscle

lies beneath the mucosa on which this projecting glosso-hyal lies, with the five dorsal tendons of

the protractor hyoidei between them. The muscle arises from a relatively short line along the

inner surface of one dentary just below the reflection of the mucosa therefrom. The line conn-

mences at the symphysis. All the fibres are quite continuous across the mid-line and are inserted

along a precisely similar line of the other dentaiy.

Amia.—The intermandibularis in this form presents two parts : (a) The submentalis (iiiter-

mandibularis of AUis) which is essentially similar to the submentalis of Anguilla. (6) The
intermandibularis posterior {genio-hyoideus inferior of AUis). This arises on each side from the

dentary bone along a line resembling essentially that of the origin of the muscle in Platycepludus.

The whole of the fibres of both sides reach a median ventral raphe, having a direction slightly

caudad to reach their median insertion. There is no attachment of this muscle to the hyoid

arch, ami, moreover, though insei-ted into a median raphe common to it and the genio-hyoideus

superior (protractor hyoidei of this work), the fibres of the two muscles are at a marked angle

to one another and there is fusion of the two muscles.
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Anguilla (Fig. '2^).—The siibmentalis in this form is a very small bimdle of short muscle

fibres which arise f»'om one dentary just beside the symphyniH and are inserted into a nirailar

position on the other.

Polypterus.—The intennanfJibularirf posterior is essentially similar to that of Amia,

Scomber.—The muscle here is similar to that of Mwjil, but more extensive, as though it

i-epreseutod that of both Plaiycephaius and Anguilla or both anterior and posterior parts of that

of Amia, but here the two parts are quite continuous and vpith the posterior rather more reduced

thaia the anterior. It would aj>pear from the description of AlUs that the muscle is placed nearly

as deeply as is that of Mugil (AUis, 1903).

Lepidosteuft.— In this form the intermandibiiiaris posterior is an extensive muscle which

takes origin from the man(hbular ramus along a line which extends from just in front of the joint

almost to the symphysis. This lirie of origin is just beneatli the skin. The posterior fibres have

a direction caudad and mediad, the fibres in the middle of the antero-posterior length of the mtwcle

pass directly mediad, and those in front of tliis point incline more and more sharply cephalad.

I have been unable, in the small specimens at my disposal, to find any thvision of the muscle

into partes anterku- jhuI posterior.

The Protbactor Hvoidei.

Thift muscle was described by AlUs under the name of genio-hyoideus superior in Amia and

y:enio-hyoideus inferior and superior and hyo-hyoideus superficiahs in Scotnber (1903, 1919),

and his first designation for the muscle has been accepted by Herrick (1899) and Norris (1925).

Kdgeworth (1911) pointed out that the muscle is certainly not the homologue of the genio-

hyoideus of higher vertebrates, and to avoid c^onfusion with that muscle he designated this the

iiyomaxillaris.

Apparently tiie most extensive study of this muscle yet published is that of Holmqvist

(1910, 1911). He bestowed the very apt designation protractor hyoidei upon the muscle. Since

this designation has received greater recognition than that of Edgeworth it has been decided to

adopt it here. Edgeworth in his later work (1928) rather adds to the confusion by using the

designation interhyoideus for the muscle, though he states, the protractor hyoidei of niany

teleostei is a compound muscle, being an intermandibularis posterior plus interhyoideus If

this lie so the muscle, in these " many " instances, is not completely homologons with the inter-

hyoideus of the Klasmobranchs, and to that extent the adoption of the name here would introduce

confusion.*

The protractor hyoidei is an elongated, flat to oval muscle which arises fro?n the \'entral, or,

in laterally compresse<^l fishes, lateral, surface of the ceratohyoid anterior to the braneliiostegal

rays, and passes cephalad and mediad to be inserted into the mandible of its own side just to one

side of the symphysis. There is some variation in the imtscle in different fishes. The two maseles

most commonly fuse anteriorly one with the other along their contiguous mesial margins, and

here, as in Scomber, there may develop a jucdian, massi\-e, crowding together of must^le fasciculi,

gi^-ing rise to the appearance of a separate component of the muscle. The insertion onto the

ramus of the lower jaw may he placed entii*ely v^entral, entirely dorsal, or partly \'entral and

partly dorsal to the submentalis muscle. Again, the insertion may be entirely onto the lower

jaw or in part into the tough fihi-ous tissue of the sitle of the floor of the mouth close to the jaw

bones.

In the sihiroidea Tandanus and Cnidogla^vis (Fig, 23) the condition of the protractor hyokiei

is of particular intei-est. A submentalls similar to that of Anguilla is presejit and is relatively

mHssive. Uehind this there is a muscle which resembles an intermandibularis posterior. This

Edgeworth also appears to have been confused by AUia's tenuinology, and thereby has adde{l to the confusion

AUirt (1903) described in Scomber an intermandibularis, a senlohyoideus inferior and superior, and hyohyoideu* superior

juid inferior. In a later contribution (1919) AIUh says that portion of liis geniohyoideus superior constitutes a hyo-

hyoideus superflcialis. Now his genioliyoideus inferior in Samiber is very certainly not lioniologous with t!ie iuter-

numdibularis posterior of Awia, which also he designated geniohyoideus Inferior ; it is only a peculiarly developed

[K)rtion of tlie geniohyoideus superior. This, apparently, Edgewortti failed to recognize, and, perliaps also nusled by

tlie rather peculiar conditions in the Siluridae which he studied in this connection, he regarded Allis's geniohyoideus as

synonymous with his interhyoideus and the protractor liyoidei of HoUnqvist. Actually the three muscle portioua

which, in the two contributions, Allis designates genioliyoideus inferior, genioiiyoideus superior, and hyoltyoideus

superHciaUs. together form the muscle wliich Edgeworth names interhyoideus and wliich in this work is termed the

protractor hyoidei. The M.hyo-hyoideus superficialis has no real identity, it is but a variant of the M.genio-hyoideuH

or of the inferior portion of the M.hyo-hyoideus.
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arises from the ramus of the jaw on each side of the submenfcalis and joins its fellow of the othei-

side behind that muscle. There is no intermingling of the fibres of these two muneles. The
second muscle is the pars superfieialis of the protractor hyoidei. It is a flat sheet of muscle fibres

and is continued back, close to the ramus of the jaw, to be inserted onto the upper end of the

ventral surface of the ceratohyal close to the lateral edge of that surface, and just lateral to the

attachment of the last five bvanohioste^al lays. The muscle is relatively broad in front and
tapers to a point at its most posterior j^oint uf insertion. This superfi<_'ial portion of the pi'otractoi-

hyoidei completely covers the ventral surface of the deeper portion. The deeper portion of the

muscle is divided, iiicompletely, into medial and lateral parts. The pars medialis has a fleshy

and tendinous origin from tlie ventre-lateral surface of the ceratohyal along a line which com-
mences at the point of attachment of the fifth branchiostegal ray, passes forward along the medial
margin of the bone to the third ray. and then crosses to the outer margin. The nuiscle rapidly

,-jwells into a considerable bulk and passes ceplinlad and slightly mediad to be inserted onto the

inner surface of the ramus of the lower jaw along a line at the edge between its inferior and medial

surfaces for a short distance on one side of the symphysis. This muscle is not fased with its

antimere. The pars lateralis is a smaller muscle than the pars medialis but has a more extensive

origin from the ceratoiiyal. This tendinous and fleshy origin covers all the surface of the bone
between the origins; of the partes superfieialis and medialis. The muscle passes forward between
the pars medialis and the ramus of the jaw to be inserted into the tough fibrous investment which
covers the mandibular periosteum. The point of insertion is just behind the posterior end of

the line of insertion of the pars medialis and ventral to the point of issue of the terminal brancih

of the mandibular rajous of the V^th nerve from the dentary bone.

Fig. 23,

—

Tandanus. Mandibular and hyoid nmscleti, seen froni bolow, the left side

dissected deeper than the right. Csv.la.. The M. subnientalis ; Csv.lb.. The M. protractor

hyoidei, pars .superfieialis ; Csv.2', The M. hyo-hyoideus ; & 2', The medial and
lateral partn of tlie M. protractor hyoidei.

The last two parts are ^-ei-y intimately fused and are inseparable at and near their insertion,

but in their anterior two-thirds they separate completely leaving two clean surfaces of contact.

There is no fusion between these deeper portions of the muscle and the pans superfieialis.

Innervation.—The Vth nerve gives off a brxLsh of fibres as soon as it issues from its foramen,
the main trunk continuing forward against the inner surface of the jaw. The brush of fibres are,

all but one, distributed over and terminate on the deep surface of the pars superfieialis. but
confined to the anterior two-thirds of the muscle. The one exception, the largest of the series,

tiu-ns ventrad and mediad and perforates the anterior tip of the pars lateralis. It was traced
caudad between the partes medialis and lateralis and was ultimately lost among the fine tendons
of origin of the two parts. No branches were observed to leave this nerve. It is assumed that
it is the communicating branch from the Vllth iierve described by Herrick in Qadiis (1899, p. 157)
and in Amia by A II is.
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In view of the possibility of the exceptional twig beii^g a coininunicating branch from the

Vllth nerve, it is not possible to be quite definite on this question in so far as the pars superficialis

is concerned. It is probably innervated by the Vth, but there may also be an innervation by the

Vllth. Edgeworth (1928, p. 62) statues that in Stluriis and Amiurm this muscle, whi<;h he

designates intemiandibularis posterior, is innervated by the Vth.

The partes medialis and lateralis are innei'vated by twigs from the hyomaii(3ibular branch
of the Vllth nerve which come forward beneath the branchiostegal rays.

This is in accord with Edgeworth's statements in connection with the two siluroids he
discusses. He designatiCS these two portions of the muscle the interhyoideus, but says of the

muscle that it arises from the cerato- and hypohyal or cerato- and epihyal and " passes inward.s

and forwards to a median aponeurosis separating it from it« fellow, in Siliirus also by a tendon to

the hypohyalia of the same and opposite sides It seems possible that this failure to find the

insertion onto the ramus of the lower jaw was due to the immaturity of the specimens he studied ;

there is also, possibly, some confusion with the hyohoideus. for it seems higldy improbable that

those two siluroids should have differed so much in the ijisertion of the protractor hyoidei fi'om

the two species I have studied.

In Anguilla (Figs. 24, 25) the protractor hyoidei is an elongated, flattened, muscle which
arises in front, from the inferior edge of the dentary to one side of the symphysis by a short

rounded tendinous and fleshy origin and passes backwartl close against the ramus of the jaw to be

inserted into the lat-eral edge of the ceratohyal a short distani'e behind its joint with the hypohyal,

and m front of where the first two or- three bi anchiostegal rays are articulated to it. The musote

Pig. ti.—AniguiUa. Mandibular and hyoid muscles. B.hy., Basihyal cartilage
;

C.hy., Ceratohyal cartilage;

Csv.la., The M. submentalis ; Csv.lto., M. protractor hyoidei ; Csv.2' & 2*, The M. liyo-hyoideus
; D.op., The

M. dilator operculi ;
G.cl., Gill cleft ; H.hy., The hypo-liyal cartilage ;

O.m., Oral mucosa
;

Op., Operculum ;

l*.op., Preopereuhmi ; S-c.t., The sternoclavicular ligament; S.op., Suboperculum ; T.ud., M. temporo-

massetericus.

Fig. 'Ih—AngwiUa. Lateral view of the same muscles as Fig. 24. Br,, The branchiostegal rays.

Fig. 26.

—

Anguilla. The left mandible and ceratohyal cartilage with its branchiostegal rays, with some attached

nmscles, seen from the medial aspect. Ad.op., Tlie M. adductor operculi ; Gl.m. &. Gl.o., The articular surfacas

of the mandible and of the operculum ; C8V.2', The area of origin of the anterior portion of the M. hyo-hyoideua ;

Pt., The tendon of the M. pt^^rygoideus ; Tm.a. & p., Anterior and postt^ior parts of the M. temporo-massetericus ;

S.I., The atibopercular ligament.
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IB qiiite deOnitely superficial to the plane of the bmnehiostegal rays. The muscles of opposite
sides are not fussed at any point.

Innervation.—Here again the presence of a ramus commuuicaiis from the hyoinaudibular
trunk of the Vllth nerve introduces a doubt. Three small twigs from the mandibular trunlc
of the Vth were observed to terminate on the ventral, superficial, surface of the anterior portion
of the muscle. These twigs leave the terminal branch of the trunk just after it emerges from its

foramen in the dentary. The terminal nerve continues forward against the inner surface of the
dentary, gives off a tiny twig to the submentalis and then breaks up into a brush of sensory twigs
behind and to one side of the symphysis.

The ramus communicans from the hyomandibular VII passes forward beneath the opercular
bones and the branchiostegal rays, then reaches the lateral edge of the protractor hyoidei and
runs forward to the dentary foramen between the muscle and the ramus of the jaw ; it joins the
fifth just after that emergen from the bone.

Platycephalus (Fig. 22).—The protractor hyoidei of tiiis fbim arises from the inner surface
of the dentary by the intermediary of a strong, but thin, fascial sheet which Hes dorsal to the
intermandibularis posterior muscle. The two protractor hyoidei muscles are intimately fused
at the mid-line along the anterior half of their length. The muscle fibres arise from the' fascial
sheet just under cover of the posterior margin of the suhmentalis, and all the area in front of this
line between the two jaws and in the plane of the muscle is occupied by the fascial sheet, which,
most strongly attached on either side of the symphysis, is also bound to the rami of the jaws on
each side as far back as it extends. Behind the posterioi- margin of the subraentalis the protractor
hyoidei has a short line of fleshy origin from the dentary. and this line extends just a short distance
anterior to the posterior margin of the intermandibularis posterior and supei-ficial to that muscle.
The most careful dissection of a nmnber of muscles has failed to discover any trace of division into
parts, as in the siluroids, or any fusion of this muscle with the intermandibularis posterior.

Besides the origins just stated, the deeper fibres along the medial margin of both muselea
arise from a fascial ribbon which in turn is attaclied to the lateral edge of the glossohyal.

The muscle passes caudad and sliglitly laterad, tapering somewhat, to a fleshy and tendinouH
insertion on the posterior one-third of the x entral surface of the ceratoliyal.

Innervation.—The related nerves in this genus are essentially as in Anguilla, but in addition
there are twigs from the nerve to the hyo-hyoideus which run forward and termuiate on the
ventral surface of the posterioi- end of the protractor hyoidei.

MugiL—The two hyoid protractors are very intimately fused for the greater part of their
length. They arise on each side of the symphysis by a fleshy origin ventral to the submentalis
and by a tendinous origin dorsal to that muscle. The muscles separate anteriorlv in their deeper,
dorsal portion so that two fine pencils of fibres pass forward above the subnicntaiis and end in the
fine, thread-like tendons.

The anterior two-thirds of the muscles arc fused along the raid-line, the posterior thirds
diverge to be inserted into the cerato- and hypohyals.

The innervation is as in Platycephalus.

The protractor hyoidei in Girella is so essentially similar in all respects to that of Mugtl that
it calls for no further commejit.

^com6er.—Although AUi.s (1903) describes this muscle in two parts, superior and inferior,
there is no doubt that hin pars inferior is but a specialized grouping of the fused medial fibi-es
of the muscle. Having thu.H cleared the ground, it may he stated that Scrnnber differs from
Mngil and Qirella only in that the tendinous and fleshy insertions are. as it were, reversed in their
relation to the submentalis.

An examination of a number of other forms enables me to say with some confidence that the
anatomy of the protractor hyoidei as above described for PlaU/cephatu.,; Muqil, Girelki and
Scomber is characteristic of the Acanthopterygii.

^mm.—The protractor hyoidei here is a quite simple muscle resembling that of Platycephalvjt,
but without the .short, more superficial, insertion ventral to the posterioi- margin of the inter-
mandibularis posterior.

Innervation.—It seems only reasonable to believe that the anterior portion of the muscle is
innervated mainly, if not entirely, by the mandibular division of the Vth nerve (AlUs, 1898
pp. 613, 614). Herrick (1899. p. 159) says that in Amia the genio-hyoideus (protractor hyoidei
and intermandibularis posterior of this work) and intei-mandibularis (submentalis of this work)
are clearly supplied from the V but on a previous page (p. 157) he remarks that Vetter says of
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the protractor hyoideus of Esox that it is iiinervated largely by extension of the ramus hyoideus.

After stating that this does not hold for Menidia^ he continues : . . . tliis is, however, tinje

in Gadus. Ov at any rat« the r. iiyoideus inns forward from the branchiostegal membrane in

this species to anastomose with the nerve for the genio-hyoideus within the substance of that

muscle. The figure and description by AlUs indicate a similar condition in Amia.^''

These statements are somewhat contradictory, but fiom the evidence before us it woiild

seem safe to conclude that the posterior end of the muscle is, as in many modern Teleosts, probably

innervated by the Vth nerve.

Lepidostem.—The elongation of the rami of the jaws has been accompanied by changes in

the related muscles. The protractor hyoidei is quite contitiuoxLs medially with the hyo-hyoideus

and here the fibres arise from a median raphe. The origin from the ramus of the jaw is, however,

preserved by the lateral fibres of the muscle. These arise from the inner surface of the ramus at

about the middle of its length. Tlie muscle lies dorsal to the extensive intermandibularis

posterior nixiscle.

Innervation.—This Is by an anastomosis between branches fi-om the ramus mandibularis V
and j-amus hyoideus VII (Norris, 1925, p. 364).

Polj/pterus.—Here, as in Amiay Ailis designates the intermandibularis posterior " genio-

hyoideus inferior '\ Havii\g made the necessary correction, it may be stated t hat the protractor

hyoidei in Folyptcrus is essentially similar to that of other bony fishes. For the greater part

of its length its medial fibres arise from a median aponeurosis as do those of Lepidosteus, this

aponeurosis taking the place of the fusion along the mid-line so commonly seen in the modem
Teleosts. Posteriorly the muscfle is quite continuous witli the medial fibres of the hyo-hyoideus

as is that of LepidoMeus.

Imiervation.—Allis (1911), p. 299) is quite emphatic that there is no anastomosis between the

contiguous branches of V and VII which may l>e traced onto this muscle, and that the whole of

it is iiinervated by the Vth only.

Edgeworth (1928) draws what appears to be an arbitrary and unnecessary distinction between

those muscles whii^h are completely continuous medially and posteriorly with the hyo-hyoideus

and those which are not. Thus the two muscles in Lepidosteus are described together as the

constrictor hyoideus ventralis, whilst the almost equally fused muscles iu Polypitras are treated

as separate muscles. He draws the same distinction between the homologous mtiseles in Polyodon

and Acipenser.

Before reviewing these muscles brief reference may be made to the forms described by

Holmqvist (1911).

The eel like Gt/nuiarchfM is i*emarkably shnilar to Angfiilla. It is probable that in tliis form,

as in tiie Eels, there is a small subraentalis. Albiila presents an arrangement of the muscles which

may well be regarded as an intei-mediate conditi<:m betwee!i those of the Eels and the normal

Acanthopterygii. Esox is very similar to Platgeeplialus, the fibres of the intermandibularis

having, however, a diagonal direction in place of one du-ectly transverse. Salmo, Osieoglossum,

Ahram'u% Haniceps, Fenxi. Zoarces and CaUionymus are but modifications of the normal acantho-

pterygian type. One questions whether a small submentalis is not present in Barhus. In nearly

all of these forms the identification w hich Holmqvist makes of the intermandibularis posterior is

quite arbitrary. Silttrh- glanis is essentially similar to Taruianus and Cnidoglanis,

Review of the Submentalis, iNTERMANniBULARis posterior and Protractor hyoidei.

Holmqvist found, as I have foimd, that the submentalis, intermandibularis posterior, and

anterior portion of the protractor hyoidei in the bony fishes generally are innervated by the Vth.

nerve, whilst the posterior portion of the last was innervated by the Vllth nerve. Quoting

direct from Allis, Holmqvist (1911) says that the intermandibularis and protractor hyoidei of

all the bony fishes are derived, respectively, from the mandibular and hyal portions of the primitive

musculus constrictor ventraHs. The primitive condition of the intermandibularis (submentahs

plus intermandibularis posterior) is said to have been that of a muscle extendiiig transversely

from one ramus of the mandible to the other, and this condition is said to be actually found in the

Selachii, in Lepidostcus and Teleostei, and in Amin, the muscle is said to liave undergone a vertical

cleavage into two parts, one of which is called the intermandibularis I (submentalis) and the

other the intermandibularis II (intermandibularis posterior) . . . The protractor hyoidei is said
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to be . . . derived from that deeper layer of the constrictor ventralis of the Selachii that has its

insertion on the cerato-hyal/' This, of coui*se, is the interhyoideus of the earlier pa^^es of this

work.*

The development of these muscles in the Ganoids and in Caranx has been st udied by lildge-

woith (1928) and hin observations appear to confii'm the conclusions of Hohnqvist.

With these conclusions I am in almost entire accord, but would particularize a little further..

The observations of Edgeworth on Caranx tmchurus clearly prove that which may well

have been a^iticipated from the innervation and anatomical relations of the muscles. The

protractor hyoidei is in most bony fishes, if not in all, a composite muscle derived from the

posterior portion of the Csv.l and from the interhyoideus.

The submentalis is derived from the anterior portion of the Csv. I and is completely

homologous throughout the bony fishes.

The intermandibularis posterior is a derivati\'e of the postei-ior portion of the Csv.l. It

may maintain its identity, as in Polypterus, Amia and, perhaps, PJ<itycephalu8, or it may lose its

identity in part, as in the Siluridae, or completely, as in the majority of Teleostoi, by fuision with

the anterior end of the protractor hyoidei.

The constant innervation of the anterior end of the protractor hyoidei by the Vth nerve in

thoBe forms in which the intermandibularis posterior maintains its identity loads us to believe

that this anterior portion of the protractor is derived from a portion of the Csv.l posterior to

that from which the intermandibuiaris posterior was derived. It is not improbable that this

portion of the mandibular muscle plate hail become attached to that of the hyoid segment prior-

to the earlie.st stages studied by Edgeworth. It is noteworthy that in Amia and in Lepidoafen^

the two must'lo plates are continuous at the earliest stages he describes, and tliat his earhest stages

of Polypterus ai'e a good deal more advanced than are those stages of Caran-n: trachurus in which

he demonstrates tlie fusion of the intermandibularis posterior and the anterior end of the

protractor.

The submentalis muscle fibres are quite continuous across the mid-line from one ramus of

the jaw to the other ; the fibres of the intermandibularis posterior are, with the exception of a

few along its posterior margin, inserted into a median tendinous raphe. This leads to the

suggestion that the muscle in Lepidosicus is, as already indicated above, an intermandibulai'Ls

pcsterior, and that no submentalis has been de\'eioped, and that the intermandibularis

posterior only is present in Polypterus^ as suggested by Edgeworth (1928, p. tiO). Contrariwise,

the submentalis only is present in the majority of the Teleostei, tlie intermandibularis posterioi*

having been completely submerged in the protractor hyoidei.

The condition of these muscles in the siluroid fishes raises another question, which, however,

we can do little more than raise in the present state of our knowledge of their development. May
it be that in these fishes the pars superficialis of the protractor hyoidei is developed from the

anterior portion of CsVt2 and posterior portion of Csv.l, whilst the partes medialis and lateralis

are deriv^atives of the interhyoideus, and, if so, does it foUow that the protractor hyoidei of the

majority of the Teleostei is compounded of these three derivatives ?

Remembering that there is always an overlapping of the innervation of Csv.l and Cs\-.2

along their contiguous, and inseparable, margins, this seems not improbable.

The Hyo-hyoidkus.

Platycepkah^s (Fig. 22).—(1) Pars anterior (Csv.2*) arises from the lateral margin of the

hypohyal and passes caudad obliquely across the mid-line to be inserted into the median edges

of the first and second branchiostegal rays. The muscle is a triangular sheet having a fleshy

origin from the hypohyal, and in its course to its insertion that arising on the right side passes

ventral to the hypohyal and also ventral to the hyo-hyoideus arising on the left side. The muscle

tapers posteriorly and is inserted by a relatively long tendon. (2) Partes abductores brancliio-

stegalium (Csv. 2^) arc four little muscles which are placed in the interspaces between the bases

of the first five branchiostegal rays. Each arises from the base of the ray in front, from the

capsule of its joint with the ceratohyal, and from the ceratohyal close to that capsule, aiul is

• Since the above was written I have been able to consult Holmqvist's two papers, but find no need for addition

to or emendation of the foregoing quotation and remarks.
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in8ert.ed onto the antero-medial edge of the ray behiitd a short distance from its base. (3) Partes
adductores branchiostegalium (Csv.2») are three narrow, thin sheets of muscle fibres which fill

the interspace l^etwoon the full length of the last four rayn. (4) Pars dorsalin is an extensive,
thin sheet of muscle fibres which arises from the lateral edge of the la«t bianchiostegal ray, the
seventh, and passes dorsad to be inserted into the dorsal margin of the operculum and into the
fascia dorsalis under cover of that bone.

InnervaHon,--ThiH is by the hyoid branch of the VHth nerve. The nerve reaches the
superficial surface of the muscle under cover of the operculum, and it« numerous twigs couraa
mediad and cephalad on the surface of the munole, but they dip beneath, i.e. dorsal to, the
branchiostegal rays as they pass them.

It appears that the pars anterior, acting in conjunction with the branchiostegal abductors,
acts to open out the whole branchiostegal mejnbrane, whilst the r*>mainder of the muscle has an
opposite action.

The hyo-hyoideus of Plalycepfmhis has been selected for detailed description because it ia a
lemarkably uomplete muscle. This is an exceedingly variable muscle, and in the numerous
fishes which have been examined the para anterior alone is constantly present. The pars dorsalis
is, in ray experience, the portion of the muscle that is most commonly absent. In some forms
either the abductors or the adductors are found definitely deep to the branchiostegal rays, so
that in my earlier dissection notes T described them as branchiostegalis profundus and superficialis.
but later, discovering that there was no constancy as to which was deep and which superficial!
file designations were abandoned in favour of those used above.

In the Apodes the hyo-hyoideus is quite peculiar and very unlike the muscle in the rest
of the Teleostei.

Angiiilla (Figs. 24, 25).—Pars anterior is a relatively broad ribbon of muscle which arises
from the poatero-lateral edge of the skull below the sulcus for the head of the hyomandibular
and from thf^ deep surface of the operculum just below its joint with the hyomandibular. This
line of ori>Tin is much shorter than the width of the muscle ventraUy, for as the fibres pass toward
the ventru a of the fish they diverge, extending cephalad well forward of their origin. The most
posterior fi'tres pass directly ventrad.

Pars posterior is a very broad sheet of muscle fibres which, lilce the anterior part, lies in
contact with the mucosa of the side wall of the mouth and atrio-pliarynx. It arises from the
fascia dorsalis along a hne which commences in front, immediately behind the postero-lateral and
dorsal corner of the skull, above the articulation of the operculum to the hyomandibular, and
extends back to ju^t above the root of the pectoral fin. From this origin the fibres pass directly
ventrad to the mid-line ventrally. A narrow, yet not Imear, tendinous interruption intervenes
l>etween the dorsal third, and ventral two-thirds of the sheet for a short distance at the level of
the dorsal margin of the fin. This interniption commences just in front of, and dorsal to, the gill
slit and extends forward a little past the middle of the antero-posterior length of the sheet.

Both parts of this muscle are quite uninterruptedly continuous, across the mid-line ventrallv.
with the muscle of the other side. There is no trace of any attachment of either part to any
element of hyoid or branchial arches.

Both muscles lie deep to the operculum und to the branchiostegal rays. These may be quite
loadily dissected free from the underlying muscle and that m tiu-u from the structures deep to it.

The fibres of the two nniscle parts are parallel at their contiguous margins, but it is always possible
to separate them along this luie, which lies immediately behind the last fasciculus arising from the
deop surface of the opercuhun, between it and the most anterior fasciculus arising from the fascia
dorsalis

; separation at no other point can be effected without splitting fasciculi.

Innervation.—Uhhi is by twigs from the hyoid branch of the Vllth nerve, which are distributed
over the surface of the muscle beneath the operculum and branchiostegal rays.

There Ls little room for doubt that the hyo-hyoideus of the bony fishes is a derivative of the
hyoid constrictor sheet of the Elaamobranchs, the Csd.2 and C8V.2.

We have already noted that the anatomy of the protractor hyoidei in the Siluridae suggests
the possibility that the most anterior of the Csv.2 fibres enter into the formation of the
superficial portion of that muscle.

Later, it will be necessary to discuss the possibility that other Teleost muscles are derived
ftXiUi the dorsal part of the Csd.2.
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THE HYOID MUSCLES OTHER THAN THE CONSTRICTORS.

There are foiu- of these muscleH, the addnetor areas palatini, the adductor hyomaridibulao,

the adductor opert-uli and levator opercuh.

The Aoductor Arcus Palatini and the Adductor Hyomandibulai-;.

PUitycephalus.—In this fish, as in Scomber {fide Allis) these two muscles are quite interruptedly

eontimious. They arise from the lateral edge of the synpterygoid (paraaphenoid). The origin

extends from a little in front of the middle of the antero-posterior diameter of the orbit back to

the myodomial boimdary and then dorsad half-way roimd that boundary, and is also carried

back along the same bone to the prootic. The uisertion is onto the ventral surface of the palatal

arch along a line which commences on the outer edge of the palatine just where that sutures with

the maxilla, rxms back along the palatine and then along the suture between the palatine and

quadrate, next along the mesial, free margin of the metapterygoid. to terminate at the suture

between this last and the prootic bone.

The muscle is thickest near its posterior end and becomes quite a thin sheet anteriorly.

Innervation.—The posterior margin of the muscle lies ventral to the fascialis foramen.

The hyomandibular trunk of the Vllth nerve passes laterad and slightly caudad from the foramen,

and appears behind the middle of the posterior edge of the muscle. Just before it comes into

view, the motor nerve to these two muscles is given off. The nerve enters the dorsal surface

of the muscle close to the posterior margin and runs forward in the muscle nearer the ventral

than the dorsal surface and about the middle of its width ; twigs trending both mediad and laterad

are given off at intervals along its length.

In no one of the fishes which I have dissected have I been able to find a clean plane of cleavage

between a portion of this muscle, which might be regarded as an adductor of the hyomandibular*

and a portion which might be regarded as an adductor of the ai'ch of the palate. It is noteworthy

that in the more pi'imitive forms there is developed only so much of the muscles as is inserted

into the hyomandibular ; the reference here is, of course, to Amia and Polypterus.

Apparently m Menidia the two portions of the muscle are separated, for Herrick (1899,

pp. 137, 138) describes separate motor nerves in that fish to the two muscles.

The Adductor Opercxjli.

Platyceplmlus.—This is a relatively massive muscle which arises from the inferior surface

of the i^terotic and opisthotic, the origin covering the whole of those surfaces. The general

cUrection of the fibres is laterad and dorsad, parallel to the surface of origin. The fibres converge

somewhat to be inserted onto the inner surface of the operculum immediately behind the articular

head. For the most part this insertion is onto the base of a strengthening rib, on the inner surface

of the bone, which commences at the head and extends to the postero-dorsal comer.

Innervation,—'^ItiQ motor nerve to this muscle leaves the hyomandibular trunk just after that

to the last muscle, and plunges into the muscle after crossing the exposed bare surface of the

prootic bone which lies between the anterior margins of this muscle and the posterior margin

of the adductor arcus palatini in front.

There is some variation in the site of origin and the manner of insertion of this muscle in

different fishes, but none of these is of sufficient importance to call for separate description.

The Levator Opebculi.

Platycephaliia.—The levator operculi appears in this fish as though it were the dorsal con-

tinuation of that portion of the pars dorsalis of the hyo-hyoidemi which is inserted into the inner

surface of the operculum. It arises from the dorso-lateral edge of the skull behind the openmlo-

hyomandibular joint, and in this origin is continuous with that portion of the hyo-hyoideus which

has a similar origin behind it. It is inserted onto the dorsal edge of the operculimi. It lies

immediately beneath the skin and upon the adductor operculi, where that passes across the narrow

interval between the operculum and the skull.

Innervation.—The motor nerve in this muscle is a twig from that branch of the hyomandibidar

which Herrick (1899) calls the ramus hyoideus and which is essentially the motor nerve to the

superficial hyoid muscles, the hyo-hyoideus and posterior end of the protractor hyoidei.

Throughout the bony fishes the levator operculi is essentially as in Platyceplialuii. Its origin

appears to be constantly from the postero-lateral corner of the skull. Commonly this origin is

V
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more restricted than the insertion, so that the fibres diverge fan-like from the origin. Again it

ia common for the insertion to extend over more or less of the superficial sui'face of the operculum.

In some fishes the muscle is more or less fused with the adductor operculi, e.g. Amia and An^fuilla

(Figs. 25, 26).

Review.

Whilst their development places it beyond doubt that these four muscles, together with

the hyo-hyoideu8 and posterior end of the protractor hyoidei, are all hyoid muscles, their innerva -

tion by two widely separated branches of the facial nerve separates them into two groups, super-

ficial and deep.

Of the four which we now discuss, three belong to the latter group and one only to the former :

this last is the levator operculi.

This muscle had been homologized in the past with that which it seems so obviously to

represent in Plaiycephalus, portion of Csd.2. There appears no reason to doubt that this homology
is the correct one.

Turning our attention to the Selachii, it will be remembered that in those fishes the dorsal

end of the hyoid muscle plate gave rise, deep to the constrictor sheet, to the levator hyomandibulae.

and that in the adult this muscle lies behind the spiracle and the hyomandibular branch of the

facial nerve, in contact with the deep surface of the Csd.2. The muscle arose from the skull

behind and above the auditory capsule and was inserted onto the superior and anterior surface

of the hyomandibular cartilage.

In those fishes in which the adductor hyomandibularis is separated from the adductor areiis

palatini, or in which that muscle is not developed, Amia and Polypterus, this hyoid adductor

preserves all the relations of the hyoid levator of the Selachii. It is, moreover, developed fiom

the dorsal portion of the hyoid muscle plate deep to the primordium of the hyo-hyoideus.

Since the adductor arcus palatini and the adductor operculi are also developed from the

same primordiiun, and in some fish never become separated from the hyomandibular adductor,

it were unreasonable to refuse to regard all three muscles as being derivatives of the elaamobranch

hyoid levator.

MANDIBULAR MUSCLES OTHER THAN THE VENTRAL CONSTRICTORS.

In this group there are the following muscles : the levator areus palatini, tlie dilator operculi

and the mandibular adductor muscles.

The Levator Abcus Palatini.

Platycf'jyhalus (Fig. 27).—The muscle arises from the side wall of the skull behind the orbit

and from a cranio-palatal fascial partition between it and the adductor arcus palatini mesial to it.

This area of origin extends from the posterior boundary of the orbit caudad to the inferior margin

of the dilator fossa above and the sutm'e-Iine between the prootic and os transversum below.

These two boundaries meet at the anterior margin of the hyomandibular facet. The general

direction of the fibres is caudad and lat«rad. Tlie deeper and more anterior fibres are inseited

into the flange which stands out from the outer surface of the rnetapterygoid and into that bone

itself above the flange. The more posterior and superficial fibres pass supei'ficial to the postero-

medial corner of the origin of the pterygoideus to be inserted into the suture-line between the

hyomandibular and the preopercukun.

The postero -medial corner of the origin of the pterygoideus referred to runs upward and
backward deep to the insertion of the deeper fibres of the levator arcus palatini, lying in the angle

between the flange and the main part of the os transversum.

/nnerm^^o/^.—This is by a branch from the mandibular ramus of the Vth nerve which leaves

the main nerve under cover of the muscle and curves roxmd its anterior margin, and then passes

caudad over its surface and ends in the dilator operculi. Several twigs are given off to the muscle

as it passes over it.

Paradicichthys.—It was not intended to attempt a description of the cranial muscles, nor,

indeed, would this have been possible in a satisfactory measure from a single specimen. As the

preparation of the skull progressed, however, the arrangement of the muscles was noted, and

certain peculiarities of the levator arcus palatini which were observed are deemed worthy of

mention. (See p. 105 for description of the skull.)
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The muscle is clearly divisible into thiee (iivisions. Of these, the firnt may be termed the

abductor hyoraandibularis. This is a digastric muscle ; the Tipper belly arises from the outer

portion of the floor of the dilatator fossa and the back of the upper post-ocular scute, its fibi-es

gathering into a broad, short tendon which passes down and back through that foramen described

as formed between the shelf-like process on the upper outer face of the body of the hyomandibula

and the outer corner of the post-orbital lamina of the sphenotic. The foramen in question is to a

large extent closed by a strong membrane . The fibres of the lower belly of the muscle are attached

to the outer face of the hyomandibula below the " shelf and above and in front of the ridge

which crosses the body diagonally to the antero-inferior corner of the bone. These fibres arise

from the tendon as it spreads out immediately it passes through the foramen.

The second division of the muscle may be termed the abductor arcus palatini. This arises

as a strong cord-like tendon from the back of the lower post-ocular scute and from the outer

corner of the post-orbital lamina of the sphenotic ; the tendon passes directly downward and

through the narrow foramen between the two laminae of the hyomandibula and os transversum,

then opens out and gives origin to muscle fibres which are attached to tlie inner surface of the

epipterygoid over the area already described.

The third division of the muscle, w~hich may be designated the levator arcus palatini, sensu

stricto, is essentially similar to the anterioi- portion of the mtiscle in Scomber, as described by

Allis (1903).

It may be stated that the three divisions of the levator arcus palatini just described can be

recognized in the great majority of fish, but it is only in a few that the divisions are as distinctly

separable as in the present case.

The above may be accepted as a description of the levator arcus palatini as it is found in

the majority of the modern Teleosts.

In the two Siluroid fish I have been able to dissect, the muscle is much reduced, i t is a

small flat muscle which arises from the dorso-iaterai edge of the skull in front of the posterior end

of the hyomandibular joint and passes ventrad to be inserted into the dorsal margin of the

hyomandibular just below the joint.

Le2ndosteus.-~\r\ this fish the hyomandibular portion of the muscle is diffei-entiated from the

more anterior portion. Allis recognizes levator arcus palatini and retractor hyomandibulae,

as well as dilator operculi and the specialized slip of the latter which he terms muscularis

spiraeularis.

PkotbActob Maxillae of the Silurjdak and Levator maxillae sfpebioris part 4

OF Amia.

The protractor maxillae of the two siluroid fish Tandanus and Cnidoglatiw is a relatively

thick muscle which arises from the side of the skuU above the anterior attachments of the palatal

arch, and passes caudad and laterad to be inserted onto the postei-ior end of the maxilla., the

insertion enswathing the posterior end of the bone on all but its deep surface.

Innervation.—This is by a branch from the Vth nerve which leaves the anterior and inferior

surface of the mandibular ramus deep within the orbit.

The little muscle which Allis (1897) described as the fourth part of the levator maxillae

superioris in Amia appears to be strictly comparable with this protractor muscle.

The Dilator operculi.

Platycephalus,—The muscle arises from the dilator fossa and passes caudad and laterad

deep to the dorsal tip of the preoperculum and is inserted into the superficial surface of the

operculum just beyond the capsule of its joint with the hyomandibular.

Innervation.—This is by the terminal twig of the motor nerve from the mandibular ramus
of V t-o the levator operculi, as described above.

In Tandamis and Cnidoglanis the dilatoi- operculi is a relatively Tnassi\^e muscle which arises

deep to the levator arcus palatini from the side wall of the skull above the anterior end of fche

long hyomandibular articulation.

Exceptional Muscles of the Mandibular Segment.

In various of the more or less aberrant Teleosts there are foimd muscles which are without

close parallels in the more normal fishes. Their innervation and anterior situation indicate that
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these are derivatu^es of the mandibular muscle plate, and probably from the dorsal portion.
They are, therefore, probably derived from that portion of the mandibular muscle primordium
from which are derived the last two muscles. *'or this reason they are briefly referred to here.

(1) The Retractor lahii tiuperioris of Drepane.—This is a fine thread-like strand of muscle
fibres which arises from the medial surface of the preorbital bone and passes directly forward
along the dorsal edge of the ascending process of the premaxillary labial bone to be inserted into
that edge close to the junction of the process and the body of the bone.

Innervation.—Thiii is by a very delicate twig from the mandibular trunk of the Vth nerve
which leaves the main nerve deep within the orbit and rung forward below the ophthalmic ramus
of tbe nerve.

(2) The erector muscles of tfie barblets in the siluroid fishes.—In the two which I have dissected
the muscle to tho median barblet arises from the dense connective tissue over the side of the
mesethmoid in front of the prefrontal and slightly behind the base of the barblet. That of the
labial barblet arLsos from tlie periosteum of the maxillary labial bone. Herrick (1901) writes
of a slip of the adductor mandibulae which functions as the adductor of the maxillary barblet
in Ameiurus. There is no such slip present in either of the fishes I hav e stucUed.

The Mandibular Adductor Muscles.

Before describing these muscles it is advisable to present an explanation of the nomenclature
adopted. To this end it is necessary to summarize briefly again the findings relative to these
muscles in the lower tetrapods.

Reviewing the relation of the components of the masticatory complex and commencing
vvitli the muscles of the reptiles, we have :

( 1 ) A superficial sheet of fasciculi, the Retractor anguU oris, which is superficial to all three
branches of the Vth nerve ;

(2) An ahnost superficial mass of fibres, the Temporalis, which also is superficial to all the
branches of the Vth nerve ;

(3) A deeper layer, the Massetericus, which may or may not be inseparably fused with the
last and, hke it, lies superficial to the branches of the Vth nerve. The origin of this and of the
last muscle is from the sktill dorsal to and behind the foramen of the Vth nerve

;

(4) A deep mavss of fibres, the Pterygoideiis extemus, which may or may not appear in part
superficially at their origin, which pass to their insertion anterior to the foramen of the Vth nerve,
are crossed superficially by the ramus maxiUaris, and are inserted into the lower jaw in front of
and/or medial to the ramus raandibularis V just as that enters Meckors fossa :

(5) A deep mass of fibres, the Pterygoideus medius. which arise from the wall of the skull

ventral to, and either in front of and/or behind, the foramen of the Vth ner\'e. The muscle is

crossed superficially by the ramus mandibularis and, it may be, also by the ramus maxillaris ;

and

(0) Another mass of fibres, the Pterygoideus internus, very deeply placed, which arise from
the upper siu-face of the roof of the palate and from the side wall of the cranium behind the
via masticatoria. This lies deep to all the other components and the ramus mandibularis is, of
course, superficial to it, with the pterygoideus medius between.

The essential facts are (1) the temporalis and massetericits are superficial to the nerve rami ;

"

(2) the pterygoideus externus is crossed between origin and insertion by the R.max. and is either

inserted in front of the R.raan. or is internal to the nerve at its insertion ; (3) the pterygoideus
medius and internus lie deep to both rami of the nerve, and for the most part behind them.

In the Amphibians the same relations hold good. The pterygoideus medius is never
developed and the pterygoideus internus only in the Coccillians. Here again the relations to tlie

rami mandib. and max. are constant and are just as in the Reptiles.

Tvirning next to the Dipnoans, it is found that there are but two separate portions of the
adductor muscle mass. It is significant that these two portions are separated by the two rami of
the Vth nerve. There appears no reason to doubt that the anterior portion may be identified

as the pterygoideus externus, whilst the posterior portion must represent either or both the
temporalis and masseter.

In an attempt to recognize the forerumiers of these muscles amongst the fishes, one may turn

to the Holocephali. In these Elasmobranchs there is a small adductor mandibulae which lies

entirely behind the rami of the nerve, and anteriorly a massive adductor and a series of smaller
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ribbon-like muscles which activate the upper lip. These latter all Ue deep to the ramus maxillaris.
It were little short of vmsupported speculation to attempt to homologize the ribbon-like muscles,
but the fimction of the larger adductor muscle and its relation to the two rami of the nerve fully
justify its identification as the pterygoideus externus of the Dipnoi and the Tetrapods. The most
serious objection to this identification is its origin, in front of the orbit instead of behind it.

This, however^ will be seen later to be not bo serious, as it will be found that other, undoubtedly
homologous, muscles are found in bony fishes arising behind or in front of the orbit in different
species, and that in the cockatoos the pterygoideus extemus arises in front of the orbit.

Comparison of the muscles of the HoIocepliaJi with those of ChiloscyUium enables one to
recognize at once the homologous muscles. The pterygoideus extemus is that which lies in front
of the two rami of the Vth nerve, and the comparison of the muscles of ChiloscyUiuni with those
of the rest of the Plagiostomes leads one to the inevitable conclusion that if the forerunner of the
pterygoideus extemus is recognizable at all in the Elasmobranchs it can be none other than the
muscle which Vetter designated the " Add. p " and Marion, the " Levator labii superioris

Apparently the temporalis and the masseter are represented in the complex quadrato-
mandibularis of the Elasmobranchs. and it is not unprobable that the relatively constant sub-
division of that muscle which is deaci-ibed in this work actually foreshadows the subdi\i8ion of
the muscle into the components found in the Tetrapods.

Turning now to the Bony Fishes, and coxnmencing with Polypierus. the man<iibvilar adductors
present division into four readily separable parts. Of these, two Ue superficially to the rami of
the nerve and are inserted onto the mantlible superficially to or behind the R.mand. These Allis
described as the superficial and deep portions of the adductor mandibulae. It would appear that
the superficial portion is the homologue of the temporalis, and that the deeper portion is the
homologue of the masseter. There are also two divisions of the adductor muscles lying deep to,
and inserted medial to, the rami of the nerve. The more superficial of these was designated the
temporalis by Allis. This it cannot well be on the evidence of its relation to the nerves. It
appears quite reasonable to identify it as the precursor of the pterygoidetis medius, and the other
arising further forward as the pterygoideus extemus.

In the modem Teleostei the ramus maxillaris of the Vth nerve rims forwai-d dorsally to the
origin of all the muscles. There are no muscles lying deep to this ramus, and it faUs us as a
reference atmctin^.

In Amia, however, there ai-e two little muscles arising far forward and crossed superficially by
the R.max. and further back the great bulk of the adductor muscles lie deep to the R.mand.
Now in this fish the only adductor muscle to be inserted externally to the R.mand. and to he
entirely superficial to the ramus is that which Allis described as the lower portion of the superficial
part of the adductor mandibulae. Although Allis stated that the separation of this portion of
the muscle was wholly artificial, I find that the cleavage plane occupied by the ramus mandibuioiis
beneath this portion is quite clean and very definite.

If the relation to the ramus mandibularis be a determining factor, then this superficial
portion of the adductor mandibular must be the homologue of the muscles superficial to the
ramus in the Tetrapods, that is to say the tempomlis and the masseter.

Throughout the rest of the Bony Fishes we find always two main divisions of the adduct^>r
muscles

;
there is always one portion which is superficial to or arises behind the R.mand. and is

inserted onto the mandible lateral to it, and there is the other portion which arises in front of the
ranms or deep to it and is inserted onto the mandible medial to it. The«e vary in their relative
and actual size—now one, now the other is the larger.

It is believed that it is correct, or at least reasonable, to regard the former as representing
the temporo-masseteric gioup of the Tetrapoda and the latter as representing the pterygoid
gioup.

In conformity with this befief, and in order to maintain an uninterrupted sequence in the
nomenclature, the mandibular adductor muscles of the bony fishes are described in the following
pages as tempore-masseteric and pterygoid.

The question arises, however, as to just what is the homology of these two divisions with the
adductor muscles in the Elasmobranchs. In these fishes there is by no means such a clear-cut
division into two divisions. The homology of the muscle which, in this work, has been designated
" M. pterygoideus " throughout the whole of the vertebrata is believed to be sufficiently supported
by the available evidence to justify the designation. On the other hand, the quadrato-
mandibularis of Elasmobranchs is very generally perforated by the ramus mandibularis of the
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Vth nerve, and this suggests that its deeper portion may he homologous with the posterior portion

of tho pterygoid of the bony (islies and with the Mm. pterygoideus mediuw and jjiternas of the

Amphibians and Reptiles.

This question is returned to in the later sections of the work.

TflK Tjcmporo-masseteric GRour of Muscles.

These muscles were described by Vetter as the first and second flivisions of the adductor

mandibularis, the " " being that which T describe as the pars anterior, and " " the pars

posterior. Allis describes the pars anterior, in Amia^ as the first part of the levator maxillae

superioris ; tho pars posterior he desi-ribes as portion of the superficial portion of the adductor

inandibulae (A-). In Scomber there is no separate pars anterior, and Allis describes the muscle

as the superficial portion of the adductor. In Potyplerus the pars anterior, particularly well

developed, is termed " temporalis * * by Allis, whilst the pars posterior ho describes as the superficial

portion of the adductoi*.

In discussing Callorhyyichus (1933) I designated the pars anterior " adductor labii superioris '\

and the pars posterior the retractor anguli oris

The muscle presents a wide range of \-ariabiIity and a number of these variations will be

described.

PlaU/eephalm (Fig. 27).—(A) Pan- anterior. This is a relatively stout three-sided bundle of

(ibius wliich lies medial and dorsal to the other adductor comx^onents and between them and the

levator arcus palatini. The fibies for the most part arise from the superficial deep fascia, but a

few arise from a very thin superficial tendon which lies upon the posterior half of the superficial

Hurfaco of the rnuscle, and is itself attached to the anterior edge of the subdermal ridge of tho

preoperculuin below the point whereunder the dilator operculi passes. The genera! direction

of the fibres is cephalad, with an inclination ventrad and laterad. to an insertion into a strongly

developed tendinous strand in the maxillo-labial fascia. This strand is attached behind to the

ascending process of the lower jaw ; in front it is attached to the posterior edge of the maxillary

labial bone close to the articular head. This ligament is so very constantly present that it is

proposed to recognize and establish its identity by the designation mandibulo-labtal ligament

(ligamentum mandibulo-maxillare posterius of Holmqvist, 1911).

The maxillo-labial fascia is a strong membrane which is attached medially to the lateral

edges of the maxilla and palatine bones, posteriorly to the anterioi- edges of the ectopalatine,

inferiorly to the inner surface of the articular and/or posterior end of the dentary below the

insertions of the mandibular adductors. In front of this last attachment, the fascia presents

a free margin in the fold of the lip at the angle of the mouth and is attached in front of the angle

to the interna! surface of the full length of the inferior edge of the maxillary labial bone. Between

this and the premaxillary labial the fascia is folded with the skin to provide the loose membrane

lietween these two bones which permits of the protrusion of the two labial bones.

This fascia also is of very constant occurrence and in the absence of the mandibulo-labial

ligament, wluch is but a specialized portion of tlie fascia, provides the retractoi- ligament of the

upper lips and their enclosed bones. The free edge of this fascia in the lips at the angle of the

mouth is the ligamentum mandibulo-maxillare anterius of Holmqvist.

(B) Pars posterior. This is a very massive muscle which arises from the whole of the lateral

surface of tho preoperculum, except its subdermal ridge, and from the liyornandibular and the

deep stuface of the posterior suborbital. The whole of the fibres are inserted into a fan-like

tendon which divides tlie muscle into .superficial and deep portions. The fibres arising from the

hyomandibular and preoperculum are inserted into the broad, thin posterior edge of this tendon

and into its deep surface. Those arising from the subocular bone are inserted onto its superficial

r:urface.

The tendon, contracted to a narrow ribbon, is inserted onto the tip and inner surface of the

ascending pi-ocess of the mandible above Meckel's foramen. Its anterior edge is refiected away

from the mandible and is bound to the thickened edge of the maxillo-labial fascia and to the

mandibulo-labial ligament.

Anguilla (Figs. 24, 25. 26).—(A) Pr//w anterior.—This arises from (1) a medial dorsal septum

from the other side of which its fellow ai ises. and which commences just behind the orbit and

extends back to just beyond the posterior limit of the skull ; (2) a triangular membiaiie which

covers, but Is not attached to, the anterior end of the trunk muscles immediately behind the skull
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and slopes backward over the adductor and levator operculi ; (3) the whole of one .side of the
donsal sxirface of the skull behind the level orbit. The ventro-lateral surface of the muscle is

clad by an expanded tendinous sheet, and it is into this sheet that the muscle fascinuU are inserted.

(BJ Pars posterior. This arises from {!) a strong narrow band rnembrano which lies behind
and beneath the posterior boundary of the muscle. This band commences above at the tri-

angular membrane behind the pars anterior and passes lat«rad attached to the posterior edge of
the skull, then ventrad and cephalad over the origins of the adductor and levator operculi and the
insertion of the dilator operculi, and below that is attached to the posterior edge of the quadrate

;

(2) the lateral surface of the hyomandibular below the dilator operculi and the contiguous surface
of the quadrate. As in the case of the pars anterior, the deep surface of the muscle is clad by an
expanded tendinous sheet into which most of the fasciculi are inserted.

The two deep tendons taper as they proceed ventrad, laterad and cephalad towards the
ascending process of the lower jaw. Before this is reached they combine to form one broad thick
tendon. This is inserted onto the edge of the ascending process of the dentary and iimer surface
of the bone above, lateral to, and in front of, Meckel's fossa. The tendon is completely covered
by the fasciculi of the two parts of the muscle, which are here completely fused. The fusion
extends backward for a little less than one-third of the length of the contiguous surfaces.

Mugil (Fig. 28).—In this form the temporo-maasetericus is represented by a single muscle
in which no division Is present. It arises from the inferior edge of the quadrate and a contiguous
narrow area low down on the preoperculum. It is a relatively small flat muscle, broader behind,
which tapers as it passes forward. Its fasciculi are inserted into a tendon which lies along its

dorsal edge and which takes the place of the mandibulo -labial ligaTuent and is inserted into the
niandibvilar labial at about the junction of its middle and outer thirds.

airclla (Fig. 29).—(A) Pars anterior. This is a roughly four-sided muscle which arises
from the preoperculum behind the orbit. It runs forward, under cover of the orbital scutes,
below the orbit and has an insertion into the middle of the length of the maxillary labial by a
tf^ndon so short as to give it the appearance, almost, of having a pointed flesliy insertion. The
dcfper fasciculi are inserted into a tendon on its deep surface, which is bomid to the maxillo-
labial fascia.

(B) Fara posterior. This arises from the lower half of the edge of the subdermal ridge of the
preoperculum. The muscle is inserted into the maxillo -labial fascia just behind the free margin
of the fascia at the angle of the mouth. This insertion is as broad as the full width of the muscle,
and i.s continued onto the ascending process of the dentary above Meckel's fossa on the one side,

and is closely bound to the inferior edge of the pars anterior above it on the other.

ZancUstius.—In this fish, as in Mugil, there is but a single muscle. It arises from the
anterior edge of the upper half of the vertical limb of the subdermal ridge of the preoperculum
and iVom a very narrow area of the bone in front of the edge. It passes nearly horizontally
forward to be inserted into the free edge of the maxillodabial fascia and into the proximal end of
the mandibulo-tabial ligament.

Drepane.—Here also the temporo-masseterieus muscle is not divided. It is an extensive
.^hcet, of moderate thickness, which arises from the whole length of the anterior edge of the ridge
of the preoperculum. The inferior fibres pass dorsad and cephalad, the superior and anterior
pass ventrad and cephalad. The insertion is into the posterior edge of the peculiarly modified
mandibular labial, and into a mandibulo-labial ligament, which also is peculiarly modified.
The insertion into the bone is confined to a partially separated anterior bundle of fibi-es. The
mandibulo-labial ligament is attached in front to the middle of the length of the maxillary labia!
as usual, and passes back to the muscle in a normal mamier, but at the anterior margin of the
muscle it is met by a tendinous band which passes ventrad and slightly eaudad to be inserted
on the outer surface of the mandible just in front of the Q-M. joint. The gi-eater part of the upper
fibres of the muscle are inserted into the norma! part of this ligament, the lower fibres being
inserted into the peculiar ventral limb.

Einhulus.—Althongh the single ternporo-massetericus is here not a large muscle, it has a
lelatively more extensive origin from the reduced preoperculum. The muscle passes ' cephalad
and ventrad to be inserted into a mandibulo-labial ligament, short and normal in its upper portion,
but with a much elongated ventral limb inserted onto the outer surface of the mandible, as in
Drepane.
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Tan^nzis and Onidoglanis.—The muscle has a fibro-tmdinous origin from the usual edge of
the preoperculum and from a similar raised subdermal edge of the hyomandibular above it.

The tendinous fibres of origin penetrate the muscle and give origin to the muscle fasciculi, so that,
though quit-e thin at its origin, the muscle rapidly becomes bulky. CJontracting rapidly in front
by the insertion of its fibres onto a deeply placed tendon, the muscle is inserted onto the internal
surface of the articular above and lateral to Meckel's fossa, and onto the dorsal edge and outer
surface of the bone above and external to the fossa.

The muscle is not divisible into anterior and posterior portions, but the deep tendon is in
two definite strands.

Qadus ccUlaris.—-The femporo-massetericus in Qadus presents anterior and posterior parts.
Holmqvist (1911) describes the pars anterior as the first, and the pars posterior as the fom-th
portion of the adductor mandibulae. This latter is completely fused, at its origin, w ith the
underlying M. pterygoideus.

Amia.—The M. tempore -massetericus of Amia is that muscle which Ailis described as the
lower part of the superficial portion of the adductor mandibulae (A2'). It arises from the lower
part of the subdermal edge of the preoperculum, and passes forward to be inserted, in part, into
the ascending process of the lower jaw, but mainly into the mandibulo-labial ligament.

Polyptcrus.—(A) Pars superficialis. Quoting from AUis—" the superficial portion of the
adductor mandibulae . . . has its origin in part on a line of tough connective tinsue that is attached
to the internal surface of the dorsal border of the cheek-plate, in part on the external surface of the
dorsal portion of the hyomandibular and in part on the external surface of that part of the palato-
quadrate that lies posterior to the ridge that runs upward across the quadrate from the outer end
of its articular edge . . . The fibres of the muscle converge towards the ascending process of the
splenial rumnng antero-ventrally, anteriorly and antero-dorsally, and the dorsal and larger part
of them are inserted on the dorsal edge of that process and along the internal surface of its hind
edge, the ventral fibres pa^ising directly into the ramus of the mandible and there being inserted
on the internal surface of the dermarticular." This portion of the muscle lie^ entirely external
to the ramus mandibularis trigemini.

(B) Pars profunda. The deep portion of the adductor mandibulae of AlUs (1911). This
arises from the quadrate in front of the origin of the temporo-massetericus pars posterior. Its
fasciculi are inserted into a tendon which is inserted onto the dermarticular behind and below the
insertion of the last part.

Innervation.—Th& ramus mandibularis of the Vth nerve maintains the constant relation
to the muscle that we have observed in all the other bony fishes. It passes to Meckel's fossa
between the temporo-masaeterieus superficial to it and the M. pterygoideus deep to it.

The Pterygotdkus Mttsclk.

Plaiycephalus (Fig. 27).—The muscle takes origin from the lateral surface of quadrate and
OS transversum, its postero-doi-sal comer extending dorsad and caudad dorsal to the flange on the
surface of the latter bone and, in this position, under cover of the levator arcus palatini. The
muscle is relatively bulky and it is penetrated by a bipartite tendon into which its fasciculi ai-e

inserted, and which, in tiu-n, is inserted onto the inner surface of the articular behind and below
the insertion of the pars posterior of the M. tempore -massetericus.

Innervation.—This is by the mandibular ramus of the Vth nerve w^hich comes into view from
imdor the anterior margin of the levator palatini. Its direction is laterad and cephalad along the
outer surface of the anterior edge of the os transversum. It passes superficial to the anterior
end of the quadrato -mandibularis and enters Meckel's fossa between the tendons of this muscle
and of the temporo-massetericus.

Anguilla (Fig. 26).—The muscle arises from the edge of the skull and from the anterior cur\-ed

surface of the post-orbital bone. It is a relatively small, oblong, flattened muscle which passes
from its origin ventrad with an inclination cephalad and laterad to be inserted into the articular

below the fossa and internal to the insertion of the pterygoideus.

Innervation.—This is by the mandibular i*amus of the Vth nerve. The nerve issues from its

foramen in the cranial wall b<nieath this muscle and runs forward and laterad to appear in front

of it just at the outer edge of the palato-pterygoid bone. If pasnfjs fi-om sight by burrowing into
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the pars dorsalis of the tempovo-massetericus Just anterior to its tendon. It then turns ventrad

and comes to he posterior to the tendon and, running parallel therewith, it finally enters Meckel's

fossa below the iixsertion of the temporo-maesetericus tendons.

Lev.p&l.

L. Tm.a.

Kig. 27.

—

Platycepkalus. The mandibular adductor muscles. Art., The articular bone ; B,, The
line of attachment of the maxillo-Iabial fascia to the cranial base ; D., The dentary bone ; L., A
separate slip of the maxillo-raandibular ligament

;
Hym.n., The hyomandibular bone ;

Lev.pal,,

The M. levator arcus palatini ; Mx.l., The maxillary labial bone
;

Mx.l.f., The maxillo-labial fascia
;

Mx.mn.l,, The raaxillo-maudibular ligament; IM., The premaxillary labial bone; P.op., The
preopercuhim.

Mugil (Fig. 28).—The pterygoideus is relatively a veiy massive muscle in this genus. U
arises from the whole of the lateral surfaces of the quadrate, os transversum, and hyomandibular,

and from a narrow submerged area of the preopereulum. The fasciculi are inserted into the

strands of a brush-like tendon which penetrates the muscle. The point of the tendon brush
"

is inserted into the articular behind Meekel's fossa.

Fig. 28.

—

Mugil. Mandibular adductor muscles.

Fig. 29.

—

Girelh. Mandibular adductor muscles.

Innervation.—From the mandibular ramus of the Vth nerve. This may be observed passing

across the posterior wall of the orbit from its point of issue from the cranimn, laterad and ventrad,

and then laterad and cephalad. It crosses the superior surface of the butt of the pterygoid just

at the boundary of the muscular portion and commencement of the bare portion of the short

tendon of insertion, it then passes deep to the temporo-massetericus muscle and turns forward

into Meckel's canal under cover of temporo-massetericus and upon the tendon of the pterygoideus.

Oirella (Fig. 29).—The muscle in this genus is smaller than in the preceding, and is largely

covered by the two portions of the temporo-massetericus. The origin is from the outer surfaces

of the quadrate, hyomandibular and os transversiun. The insertion of the fasciculi is into a

tendon which is placed deeply and dorsal to most of them, and which, contracting to a relatively
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broad ribbon, becomes bound to the inferior edge of the tendon of the pars anterior of the teniporo-

massetericus and then is inserted along the inferior margin of Meckel's fosaa.

Innervation.—Here the mandibiilar ramus of the Vth nerve issues from beneath the anterior

margin of the levator palatini muscle and, turning ventrad, passes supertitial to the tendon

of the pterygoideuH just Vjchind the point of binding to that of the temporo-masseterieuH parw

anterior. It then runs forward, deep to the tendons of the last muscle, parallel with and on the

siu'face of that of the pterygoideus and enters Meckel's fossa.

Zaticlistius.—The muscle here appears peculiar because the marked forward inclination

of the suspensorium of the lower jaw has thrown the posterior limit of the muscles of mastication

beneath the centre of the orbit instead of, as in the majority of the bony fishes, beliind the orbit.

The origin is from the outer surfaces of the quadrate, hyomandibular preoperculum, and os

transversiun. The muscle tapers as it passes cephalad and ventrad to its insertion onto the

ai-ticular behind and above Meckel's fossa. There are three readily separable parts of this

muscle. A superficial, which arises from the preoperculum, a deep, which arises from the hyo-

mandibular and quadrate, and a ventral portion, which arises from a very short line at the

extreme inferior and anterior end of the subdermal ridge of the preoperculum. The two former

portions are flat and placed one beneath the other ; each has a deep tendon into which its fasciculi

are inserted. The two tendons are intimately bound together in front of the fasciculi and are

also bound to the tendon of the temporo-massetericus. The little ventral portion has an insertion

free from the other parts below and behind them.

Innervation.—-The mandibular ranms of the Vth nerve runs forward across the floor of the

orbit and then cephalad and laterad on the surface of the levator palatini muscle along the dorsal

edge of the pterygoideus for half the length of the mxiscle. It then crosses this last muscle under

cover of the temporo-massetericus and turns metliad behind and below the inferior margin of that

muscle at its insertion and, reaching the inner surface of the dorsal edge of the articular, passes

down and forward to enter Meckel's canal.

Drepane.—Tlie pterygoideus is here an extensive thin, flat nmscle which arises from the

bones of the suspensorium along their line of suture with the preoperculum. The anterior fibres

pass almost directly ventrally, the posterior, or inferior, fibres pa.ss cephalo-dorsally. They all

converge to be inserted along the lower margin of Meckel's fossa.

Innervation.—The mandibular ramus of the Vth nerve passes downward and forward across

the outer surface of the pterygoideus and under cover of the co-extensive temporo-masaeterioiis

to enter Meckel's fossa between the insertions of the two muscles.

Epibulus.—In this rather bizarre fish the pterygoideus is a relatively small muacle which

arises from the hyomandibular and os transversum high up and deeply under cover of the levator

palatini. The musi^le is irregularly quadrilateral in section. It passes cephalad and slightly

lateral and ventral, lying immediately below the orbit in front of the levator of the palatal arch,

to the transverse level of the front of the orbit. At this point it terminates abruptly in a fine

tendon which, bound to the maxillo-labial fascia, turns sharply ventrad and caudad to be inserted

into the dentary just in front of the Q-M. joint.

Imiervation.—Immediately after it passes laterad from the floor of the orbit the mandibular

ramus of the Vth nerve passes over the pterygoideus and below deep to the temporo-massetericus

and then runs downward and backward parallel to and between the tendons of the two muscles.

Tandanus and Cnidoi/lanis.—The pterygoideus in the.se two fishes is a solid muscle which

arises from the hyomandibular and metapterygold. It is clad on its anterior and superficial

edge by a tendon into which its fascicTili are inserted. This tendon is inserted into the inferior

and posterior margin of Meckel's fossa. An interesting little bundle of fibres arises from the free

surface of the tendon close to the insertion arid is inserted directly into the articular in front of

the insertion of the tendon.

Innervation.—The mandibular ramus of the Vth nerve is here like all other nerves in these

fishes, of a truly remarkable size. It passes down and forward mider cover of the temporo-

massetericus along the upper edge of the pterygoideus. crosses this last just before its insertion,

and enters Meckel's fossa between the two tendons.

Amia.—I include as parts of the M. pterygoideus, the first, second and third parts of

the levator maxillae superioris of Allis, the major portion of that which he designates the super-

ficial part of the adductor mandibulae and his deeper portion of the same nmscle.
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(A) Pars ayiterior.—Thin is that which Aliis desci ibes as the third part of the levator tTiaxiliae

superioris. It arises from the lower part of the edge of the prefrontal and nontigvious part of

the maxilla close to its posterior edge. The muscle is relatively short and flat, and ends abruptly

in a slender tendon which is inserted above Meckera fossa onto the ramus of the lower jaw.

(B) Pars mpdialia (Lms.^, Lms^ of Allis). This muscle arises in a situation closely similar

to the single part of the pterygoideus in Epihulus and, in general, corresponds to that portion

of the muscle which, in many of the bony fishes, arises under cover of the lev'ator jmlatini from tho

upper end of the hyomandibular. The forward extension of the levator of the palate in Amia

gives this part of the pterygoideus an unique appearance, which is, however, not in any sensn

truly peculiar.

(C) Pars xiosterior (Adda" ami Add^'" of AlHs). Tliis arises from the outer face of the pre-

operculmn dorsal to the origin of the pars posterior of the temporo-rnnssetericus, and from the

lateral surface of the skull behind the orbit.

(D) Pars profunda (A3 of Allis). This arises from the outer surface of the hyomandibular,

below the levator palatini, and the outer surfaces of the quadrate and metapterygoid. These

two parts of the muscle are strictly comparable %nth the two major portions of the muscle iti

Zanclislius

.

Insertion.—The fasciculi of all three parts are inserted into tendozis which arise in brush-like

fashion within each part. These tendons are bound together close to the ramus of the jaw and

are attached to the ascending process and to Meckel's t*artilage around, hut mostly dorsal to and

in front of, the enti'ance to Meckel's canal.

Innervation.—In Amia, as in the more modern Teleosts, the muscle is innervatetl by the

ramus mandibularis of the Vth ner\^e. The exit of the nerve from the orbit is .somewhat peculiar

in that it passes out just under the roof of the orbit, instead of across the flooi- or around the

posterior wall and then along the floor diagonally laterad and cephalatl as in all the other fishes

I have described. In passing from the orbit the nerve comes to lie on the anterior end of the pars

anterior and crosses that to pass superficial to the pars medialis. At the upper edge of the

teraporo-massetericus it dips imder that muscle and runs ventrad between it and the pterygoideus

pars medialis and profunda, finally entering Meckel's canal between the temlons of the

pterygoideus, on the imier side, and the temporo-massetei'ieus above and lateral to it.

Polypterus.—Two portions of the muscle are recognizable.

(A) Pars anterior (musculus pterys:oideus of Allis). This arises from the side wall of the

skull ventral to and also in front of the mam trunk of the Vth nerve. From this origin it passes

laterad, ventrad, and slightly cephalad, to be inserted into tlie internal surface of the dermarticular,

its tendon being bound not only to that of the tempore-massetericus pars anterior above and in

front of it, but also to that of the pars profmida of the pterygoideus below and behind it.

(B) Pars posterior-. This is the ''temporalis" muscle of Pollard (1892) and Allis (1922).

Quoting from the latter (p. 253), '' The musculus temporalis has its origin from the ventral surface

of the posteronotosphenotic, from the supraorbital band of cartilage, and from that part of the

ventral surface of the frontal tliat roofs the supraorbital fontanelle, the surface of origin of the

muscle extending forward to the transverse plane of the foramen optieum. From this long

surface of origin, the fibres of the muscle run postero-ventrally, ventrally and antero-ventrall^*,

and passing external to the rami ophthalmicus profiuidus and ophthalmicus superficialis trigemini,

and internal to the rami maxillaris and buccalis trigemini, are all inserted on the external surface

of a tendinous band which lies between it and the muscidus pterygoideus and which gives

insertion, on its internal surface, to the fibres of the latter muscle. This tendinous band passes

internal to the ramus mandibularis trigen^ini, and, diminishing in width, is inserted on the internal

surface of the derma rticnlar."

Review.

There are a few mandibular muscles, such as the protractor mandibulae and muscles of the

barblets in the Siluridae. which are present in only a few fishes and which appear to throw no

light on problems of general morphology. If we omit these peculiar or, it may be, sunply aberrant,

muscles there remain for review and comparison four mandibular muscles only : the levator arcus

palatini, the dilator operculi, the pterygoideus, and the quadratomandil)ularis.

The primordiuin of the mandibLdar muscles, the mandibular muscle plate, divides, in both

Ela^^mobranchs and bony fishes, into an upper and a lower portion (Edgeworth, 1911). In the

Ela-smobranchs the upper portion, gives rise to the levator maxillae superioi-is anri the constrictor.
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In the bony fishes the upper portion gives rise to the levator arcus palatini and the dilator operculi.

From the lower portion, in both groups, the adductor muscles of the jaws are developed, as well

as the ventral constrictors ; these last we have already dealt with.

There are, in the bony fishes, no other derivatives of the upper portion of the mandibular
muscle plate than the two just mentioned. We are, however, not able to state with confidence

that the two are completely homologous with those derived from the same portion of the plate

in the Elasmobranc-hs. Although the relation of the dilator operciili and its specialized slip, the

Kpirai vilaris tnuHeAe/mPolypterus to the spiracle lendssupport to the idea that this is the homologue
of the elasmobranch mandibular constrictor, it is not quite convincing. We may safely only

<!onclude that either those are homologous with those or that the levator arcus palatini in

homologous with the levator maxillae auperioris, and the dilator opercuU is a new muscle deri^ etJ

from it.

Edgeworth (1011) tells us that, in Scyllium, after the separation of the mandibular muscle

plate into upper and lower portions, the lower portion forms the adductor maudibulae, and later

gains, anteriorly, an additional origin from tlie suborbital cartilage, and further, that this anterior

portion of the adductor separates later, forming the levator labii superioris or adductor p of Vetter.

the pterygoideus of this work.

He says of the development of the adductor mandibulae in the bony fishes, that . . . "at
first passLug from the palatoquadrate to Meckel's cartilage-, it undergoes various changes in the

specimens examined ... In Lepidosteus, Amia and, probably, Polypterus^ the adductor divides

into internal and external portions ... In Amia the internal portion sends forwards a projection

from its upper end which forms the muscle connected with the olfactory chamber, the levator

maxillae supenoris portion 4 of Allis '\ Still later " the remainder of the int-ernal portion extends

upwards above the level of the palatoquadrate and divides into three parts These are the

remaining port ions of the levator maxillae superioris of Allis.

If, as Edgeworth suggests, the adductor muscle primordium in Polypterus divides into

internal and external portions, then it would appear that the pterygoideus of Edgeworth, Allis

and Pollard, and the temporalis of the same authors, must be derivativ'es of the internal portion,

and those muscles will be homologous with the derivativas of the same portion in Amia. 1

have designated these muscles the partes anterior and posterior of the pterygoideus respectively.

Now it is clear from Edgeworth's account that the pterygoideus of the Elasmobranchs and

the pars anterior of the pterygoideus in these two bony fishes are developed in a very similar

manner from similar portions of the adductor muscle primordium, although it also appears from

the same account that tlie pars anterior anlage of the pterygoideus does not grow forward as in

t he Elasmobranchs, but is developed a little later from the deeper layer of the general primordium
and extends upward.

Reviewing briefly the adductor muscles of the bony fishes : The tempoi*o-massetericus raa\"

he present in one or in two portions which may be quite separate or may be fused to very varied

degrees. Of these parts the anterior may arise from the skull in front of the orbit {Amia and
Pohfpterus) from the skull behind the orbit {AnguUla) and/or from the bones of the suspensoriim[i

(t he majority of the bony fishes). The posterior part arises from the bones of the suspensorium.

The pterygoideus may be present as a single more or less massive muscle, or may be more
or less completely di\nded into two, three, or more portions which are more oi- less fused, one with

the other. Of these various portions, one arises from the hyomandibular under cover of the

levator arcus palatini, a second arises deeply fi'om the bones of the suspensorium, whilst a third,

more or less co-extensive with the last, arises from the same series of bones behind it and passes

forward svipei'fieial to it.

The relation of tlie mandibular ramus of the Vth nerve, carrying the sensory fibres for the

skin area immediately behind the symphysis of the lower jaw, to these two muscles is absolutely

constant ; it is always superficial to the pterygoideus and deep to or posterior to the temporo-

massetericus. In other words the former muscle is always crossed by or lies behind the sensory

nerve in question whilst the latter passes superficial to or hes in front of the nerve.

This relation of the nerve to the muscles is the same as that which we observexi in the Elasmo-

branchs, and, so far as the pars anterior in Amia and, presumably, Polifptertts^ their development

is the same.

We may say with a great deal of confidence that the pars anterior of the pterygoideus muscle

in Atnia and Polypterm is homologous with part, at least, of the pt-erygoid muscle of the

Elasmobranchs.
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The situation of the pars posterior of the pterygoid in Polypteruti (teinporalia muscle of AUis),

deep to and crossed by the maxillary and ophthahnlc rami of the Ufth nerve, may appear to be

evidence against the statement in the preceding paragraph. I would remind readers that such a
relation to those nerves is presented by the pterygoideus muscle in Priatiopkorus.

As noted by Edgeworth, Pollard (1892) regarded the pars anterior of the pterygoideus

(pterygoideus of Pollard) as well as the pars posterior of the pterygoideus of the Elasmobranohs.
Edgeworth says that neither of them can possibly be homologous with that.

It probably need^ no argument to establish the complete homology of the parn posterior of

the temporo-massetericus throughout the bony fishes, but it is not so obvious that the pars

anterior of the modern Teleosts is homologous with that of Amia and Polypterus.

The evidence in favour of this is, admittedly, not entirely con\4ncing. It is, however,

h>elieved that the constant relation to the nerves and constancy of funntion as the retractor of

the upper lip are important pieces of evidence in support.

The dissection of the many forms I ha\'e been fortunate enough to obtain has convinced me
that the two portions of the muscle throughout the bony fishes are truly pterygoid muscles, and
the following is advanced in support, and also as explaining how the convection has arisen.

It is believed that there is no room for doubt that the pterygoideus muscle in Rana and
Amhlifstoma, or indeed the Amphibia geuerally.is completely homologous with that of the Dipnoi.

Again there is little reason to doubt that the muscle in, e.g. Ceratodus, is homologous with that

of the Holocephali. That the muscle in Gallorhynchus or Chimaera is homologous with that

of the Selachii seems amply and convincingly proven by comparison with that of sur.h forms a.s

(Jhiloscyllium, Prifttiophorus, and Muatelus.

Here is proof that, m the Amphibia, the muscle has acquired an origin behind the orbit, and
in acquiring that origin it has maintained the relation to the submental terminal branch of the

sensory components of the mandibular ramus of the Vth nerve.

It is its origin behind the orbit that alone raises doubts as to itf> homology with the

pterygoideus muscle in the Elasraobranchs.

The doubts which arise from this factor are, however, to a large extetit dispelled by considera-

tion of the varying position of their origins relative to the orbit which the adductor musclen
exhibit amongst the Teleostei.

In Balistapus (Fig. 29a) and its allies not only the temporo-massetericus, but also a part of
the pterygoideus, arises anterior to the orbit. In Goyiorhynchus (Fig. 296) and a number of other
fishes the origin is from the inferior margin of the orbit, from one of the suborbital scutes. In
Oirella and very many other typical acantbopterygian genera the origin of the muscles is from
the cranium behind the orbit (Fig. 29c), Finally, in a very large number of the Teleosts. the
origin of the temporo-massetericus is from the hyomandibular, quadrate or preoperculum.
Mugil may be accepted as exemplary of this last group (Fig, 29d).

In view of the fact that the temporo-massetericus muscle has, \ery definitely, its origin

anterior to the orbit in some Teleosts and, just as definitely, behind it in others, it seems that one
may, quite reasonably, accept the view that in similar manner the pterygoideus has acquired an
origin behind the orbit in the tetrapods.

In conclusion it may be stated that in the Cockatoos the pterygoideus has its origin in front
of the orbit.

THE INNERVATION OF THE EYE MUSCLES.
After discussing the serial homologies of the muscles of the hyoid and mandibular arches it

is desirable to endeavour to understand the fate of the dorsal portion of the mandibular and
hyoid muscle -plates. These, in certain of the vertebrates, are intimately related to the develop-
ment of the rectus extenius and oblique superior eye muscles.

V. Wijhe (1882), and later Neal (1914), regarded the eye-muscles as remnants of the trunk
myotomes of the premandibular, mandibular hyoid segments, or at least of the myotomes anterior
to the auditory.

Whilst agreeing with this interpretation I find myself unable to accept v. Wijhe 's interpreta-
tion of the IV, V, VI and VII nerves. Edgeworth also has offered an interpretation of these nerve
muacle associations, and this too I find imsatisfying.

I have tabulated below the history of the development of the eye-musclea in the different

vertebrate groups. Their innervation needs no tabulation.
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Kollowing that t-abulation 1 offer still another interpretation of the facts.*

'i'he eye muscles are developed from :

the first thi-ee myotomes the first two the first only

in in in

Teleostomi Dipnoi

Plagiostomi Urodeles

Sphenodon Anura
Lacertilia

Ophidia

Chelonia

Monotremata
Marsupialia

Mammalia

These fact.s may be presented with more detail as follows :

Superior, inferior

and external and Superior Internal

inferior oblique oblique. rectus,

recti.

ai'e developed from the :

Plagiostomi P M H
Acipen^ser P M M
Amia P M M
Lepidostens P M M
Dipnoi P P P

Urodeles . . P P P

Anura P P P
Sphenodon P M M
Lacertilia P M
Ophidia . . P M M
Chelonia . . P M M
Monotremata P V P
Marsupialia P P P
Mammalia P P P

P=premandibular somite. M ^mandibular somite. H =hyoid somite.

The interpretation I would offer of these facts is as follows :

Primitively the eye-muscles were but four in number, all developed from the premandibular

somite, and innervated by the third nerve, which was the proper raotor nerve of the segment.

Later, as a result of the extreme flexion of the head, brought about by the unequal growth of the

brain segments, this first myotome was brought close to the second and third myotomes dorsally.

They were in this situation crowded together and two extra eye-muscles were developed from the

contactual apices of these other two myotomes and they were innervated by branches of the third

and fourth segmental motor nerves, namely the V and VII.

• In approaching this question I am quite unable to accept Edgeworth's dictum—" that no theory (explaining

the development of the eye muscles) will be found satisfactory which does not also take into account the phenomena

in Dipnoi, IJrodela and Ganoids and this without any underlying supposition that the conditions in Selachii are

necessarily the most primitive, and others found are modifications of them ".

Professor Edgeworth has, like myself, devoted many years to the intensive study of the anatomy and development

of the vertebrate liead, and our writings indicate that we are neither of us prepared to be bound by accepted opinion,

but are distinctly radicals in the field we have chosen. It is, therefore, interesting to observe that very similar lines of

study should have led us to adopt such different attitudes on this fundamental question. It serves to illustrate very

forcibly how important a factor is the personal in any equation which attempts to set forth evolutionary values.

Confining myself to the field in which I have toiled most assiduously, I would point to the very generalized

condition of the wholly cartilaginous skull, the simplicity of the nasal and auditory capsules, the simplicity of the brain

itself, and especially of the prosencephalon, and finally to the generalized form ofthe branchial and masticatory frame-

works and their musculature. When to these there be added the geological antiquity of the Blasmobranchs,

undoubtedly greater than that of any other vertebrates, it seems to me that it were Uttle short of unreasonable not to

regard them as more primitive, more nearly reflecting the anatomy and development of the common ancestor of all

vertebrates, than any other form available for study today.

One looks forward with interest to reading a detailed exposition of the factors of anatomy and embryology that

led Professor Edgeworth to adopt the view he does.
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When, later in development, the head was straightened out, the main body of the mandibulai-
and hyoid muscle-plates became completely divorced from the small apical portion. Whilst the
main mass resinned its origiiaal position, the apical portions retained the new. At the same time
there was a relative backward movement of the motor nerve nuclei within the brain. In the
result there has been in each generation a relative pull forward on the motor twigs of V and VII,
supplying these new eye muscles, whicli pull is assumed to have bro\ight about the relative

forward movement of the nuclei of those twigs, producing nerves IV and VI.
The development of the eye-muscles in the Plagiostomi completely explains the presence of

three motor nerves. Though there is lost to us the stage in which the two newer muscles are
related to the other muscle-plates in the higher vertebrata, the thi-ee nerves clearly indicate the
plurality of origin and prove that the embryonic plate in these forms is a composite one.

The conditions in the Teleostomi and the Reptilia present an intermediate stage in which
the apex of the hyoid myotome has been, as it were, transferred to the mandibular before tissue
differentiation permits of its detection. The fusion of the apical portion of the mandibular and
premandibular myotome is the only trace left of the transference of the two dorsal buds together
in the development of the muscles in the Amphibia.

The developmental history of the eye-muscles in the Plagiostomes per se does not explain
the extra motor nerv^es in certain of the brain segments in front of the auditory vesicle. That
explanation is offered by my proposed interpretation of the facts, and it simplifies the problem
ofthe reconciliation of brain and head segments. There would be, according to this interpretation
of mine, only three segmental motor nerves in the three segments of the brain in front of the
eighth : the premandibular (III), the mandibular (V), and the hyoid (VII).

Both V and VII are to be regarded as having each a branch which has a course entii-ely

independent of the rest of the nerve, namely the IV and VI nerves.

Here, is neither time nor place to enter on an extended discussion on the segmentation
of the head and brain, but it is permissable to point out that thei-e are unique featixres in the
generally accepted interpretation of just these neuromeres and their related somites. According
to that interpretation these somites differ from all the other somites in the body in that they
possess completely independent somatic and visceral motor ner\^es. Here, are two somites
provided with four motor nerves and for two of these nerves, IV and VI, there are no corres-
ponding sensory nerves. Moreover, it is not possible to regard the motor components of V and
VII as entirely visceral, for they innervate some muscles which are neither anatomically nor
developmentally visceral. This introduces the further anomaly that though one of the motor
nerves to each somite is a mixed visceral and somatic nerve, there is yet another somatic motor
nerve to €iach of the somites.

These conclusions may be presented in tabular form :

Neuromere I 11 111 IV V VI VII

Somite •f

Pre-

mandibular
Mandibular Hyoid

Motor nerve III V+IV VII -HVI

Sensory nerve Ophth.

prof.

V VII

THE SKULL IN THE ELASMOBRANCHS.
In the head skeleton or skull several distinct entities are more or less eloisely knit together.

They are : 1, the brain capsule, or cavum eranii,* 2, 3 and 4, more or less complete capsules for
the lodgement of the three paii-ed organs of the special senses of sight, hearing and balance and
of smell, 5, a series of paired and unpaired fused and /or articulated elements related to the jaws

• The term cranium has been used generally to designate the brain and auditory capsulcB ; it is impossible owing
to their intimate fusion, to describe either of these separarely in the great majority of instances, because the inner wall
of the one is so commonly the outer waU of the other. It is in this sense that the term will be used throughout this
work. On the other hand the designations chondrocranium and primordial cranium are usually used to include all
the components of the embryonic cartilaginous head skeleton, and with that general application the terms will be used
ra this work. In some instances, more particularly primitive forms, the description and/or illustration of a cranium
will of necessity also include the nasal capsules. The term cavum cranii is used to indicate the brain case only
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and palate and sei-ving the function of mastication, and 6, a series of paired jointed rods which

together constitute a set of branchial or visceral arches related, primarily, to branchial respiration.

Of these various entities the auditory or otic capsule, which lodges the organ of hearing and

balance, is always attached to and incorporated with the side wall of the cavum cranii towards

its hinder end. Tke nasal capsules, situated in front, are also always attached to the cranium,

and with it form part of a cartilaginous or bony continuum. The attachment ia more direct and

intimate, in the cartilaginous skull, in the more primitive forms. Whilst these two capsules more

or less complettjly enclose their respective organs, the optic capsule is relatively incoraplefce. In

cartilaginous skulls it is commonly but a bay or recass between the other two capsules in front

and behind and the cranial wall medially. To these, more or less adventitious walls, there are

added more or fewer flanges or processes, which more or less completely enclose the organ, except,

of course, on its outer aspect. The optic capsule or orbital socket is, generally speaking, more

fomplete in the bony than it is in the cartilaginous skulls.

In addition to the above six entities there are in many primitive skulls certain paired labial

skeletal elements related to the outer aspect of the anterior masticatory components and nasal

capsules. Further there are incorporated with the hinder end of the cranium more or fewer

vertebrae. In some ca.ses this incorporation is of such a kind that the vertebral origin and nature

of the incorporated portion is quit© obvious ; in others the original character of the vertebrae

is entirely lost, and the evidence of the incorporation has to be sought, not in cranial morphology,

but in the relation of certain nerve roots to the cranial wall.

It is desirable that a discussion on the form of the adult cartilaginous skull should open with

a description of the most generalized type available. Such a form is presented by almost any

typical Selachian. Our illustrations are based on the skull of a five foot spe<!imon of Carcharias

arenarkis Ogilby (Figs. 30, 31, 32 and 33).

The cranium of this Selachian is a continuous cartilaginous structure, in which one recognizes

at once the large auditory capsules incorporated into the side wall posteriorly and the outstanding

nasal capsules in front. Between these two the orbital recess is \'ery imperfectly converted

into an optic capsule by a laterally projecting horizontally flattened ant-orbital process, a rod-

lilce, downwardly projecting post-orbital process which terminates below in a bifurcation, and

a more or less incomplete floor, the suborbital proces-s.

The brain capsule itself presents no division into parts or regions, but is a continuoiLS cavity

of varying size. Narrow behind, where it communicates with the vertebral canal, it becomes

enlarged as it extends forward, and is widely open in front. Just in front of this wide anterior

opening of the cranial cavity, there are, on each side, the medial apertures of the nasal capsules.

These last are relatively simple, somewhat barrel-like structures having an opening medially

towards the cranial cavity, and another, at the other end of the barrel, which is direct-ed forward

and down. A rostral process, developed to a variable extent in all Elasmobranch skulls, is

represented in our example by one ventral median and a pair of dorsal processes which are all

three united together anteriorly.

Although the cranium is not divided into regions, there are certain perforations in its side

wall and a fossa on its floor to which we must pay particular attention, because they are important

landmarks. These perforations are the foramina of exit of the cranial nerves, and of ingress

of the main cerebral artery. The fossa is the sella turcica or pituitary fossa and lodges the

hypophysis cerebri. These foramina and this fossa and the structures which tJiey lodge or

transmit bear very constant relations throughout the whole vertebrate series to both brain and

skull areas and components. They are therefore trustworthy and reliable features on whicrh to

ba.se identifications of these skull areas and components.

By the pituitary fossa the cranial cavity is clearly marked off into prechordal " and

" chordal " or " parachordal " areas, the former lying in front of the anterior end of the noto-

chord. the latter behind that point. These, it will be found, are exceedingly important divisions

of the cranium.

On either side of the pituitary fossa in. or close to. the floor of the cranium will be found the

two carotid foramina. These admit to the cavity the terminal cerebral branch of the internal

carotid artery. Their position is remarkably constant throughout the whole of the vertebrates,

and they are of prime importance as assistirig us to recognize the homologies of certain related

stnicturee.
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Of the nerve foramina present in our example, the more important are those for the second,

fourth, fifth and seventh together, eighth, ninth and tenth. The smaller apertures for the third

and sixth nerves are not of comparative craniological importance in the more primitive skulls.

Figs. 30, 31, 32, 33.—<7arcAanas. Ao.p., Antorbita! process ; B.h.. Baeihyal ; C.h., Ceratohyal
; Bp.p., Bthmoid

process
; Hy.m., Hyomandibular cartilage

; Lb.c, The labial cartilages, indicated by dotted lines
; Mk., Meckel's

cartilage
; N.c, Nasal capsule ; Ot., Otocrane

; P.op., Postorbital process ; P.q., Palatoquadrate
; B., Rostrum

;

S.op., Suborbital process
; Vert., Intervertebral discs ; I-X, The foramina for the cranial nerves.

The external apertures of the second, third, fourth, fifth, sixth and seventh nerve foramina
will be found on the inner wall of the orbital recess, that for the fifth and seventh being the most
posterior and situated just in front of the otic capsule. The foramen for the eighth, the auditory,
nerve perforates the inner wall of the otic capsule. That for the ninth emerges just behind that
capsule and the tenth is placed still further back. In addition to the above foramina there is

present a special foramen for the transmission of the superficial ophthalmic branches of the fifth

and seventh nerves. This is situated above and in front of the other foramen for those nerves.

When the otic capsule is entered, it is found to be incompletely divided into compartments
which lodge the three semi-circular canals, the sacculus and the utriculus, portions of the auditory
organ.

G
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The anterior aperture of the cranial cavity is known as the anterior cranial fontanelle ; it

is present in the majority of elasmobranch crania. In the flesh it is closed by a tough membrane
which is attached to the side walls and floor in front of the internal apertures of the nasal capsules,

which are designated the olfactory foramina.

The ner\'e foramina are designated for the most part by the nerves they ti-ansmit. Thus the

HCt'ond ner\^e leaves the cranium through the optic foramen, the fourth through the oculomotor

foramen, and so on. The foramen for the exit of the main branches ofthe fifth and seventh nerves

is an exception to this rule. There is a good deal of variation in the composition of the ner\'e

trunks which, in the different cla.sses, pass through it, and, moreover, its position immediately

in front of the otic capsTile is one of such constancy and importance to the student of homologies

that it has been designated the foramen prooticum. It will be foimd that in certain forms the

prootic foramen is converted into a prootic notch, incimra prootica, by the absence of a complete

front wall, and cranial roof above it.

For descriptive purposes the cranium may be divided into three regions known respecti\-ely

as the occipital behind the vagus or tenth nerve foramen, the sphenoid between the vagus and
optic foramina, and the ethmoid in front of that last foramen. These names have been derived

from certain bones which are constantly related, in bony crania, to the respective areas, and
although the bones in question are, some of them, variable in their extent, and indeed at times

invade regions both behind and in front of their own proper spheres, still the designat ions have
for the student of comparative craniology very definite applications and are as useful as definite.

The skeletal structm-es of the skull related to the fvmction of mastication and those related

to the branchial basket together constitute the seven visceral arches.

The first visceral arch is the mandibular, or more correctly the maxillo-mandibular. It

presents on each side dorsal and ventral halves. The dorsal is variously designated the palato-

pterygo-quadrate, the palato-quadrate, and the sub-ocular arch. The ventral half is the

mandibular arch, using that t-erm in its restricted sense, or Meckel's cartilage.

The second is known a« the hyoid arch, also divided on each side into dorsal and ventral

halves ; the upper half is the hyomandibular and the lower commonly designated the hyoid bar,

but which commonly is di\'ided into upper, ceratohyal, and lower, hypohyal, portions. The
hypohyal elements of the two sides are imited to a median ventral basi-hyal or hyoid copula.

The i-emaining five arches are the branchial arches, each divided on both sides uito four

segments ; from abo\"e down these are pharyngo-, epi-, cerato-, and hypo-branchial cartilages.

As in the case of the hyoid arch, so in each of the branchial arches, the ventral segments of the

two sides are united to a median ventral basibranchiai. More or fewer of the basibranchiaLs

may be miited into a continuous basibranchiai plate. The posterior basibranchiai is commonly
prolonged posteriorly and has been designated the cardio-branchial, in recognition of its relation

to the heart.

The branchial arches are loosely slung to the skull, for the most part by muscular attachments

only. The hyomandibular cartilage is, on the other hand, fu*mly, though movably, articulated

to the inferior sui-face of the otic capsule. Its inferior end is similarly botmd to the posterior end
of the palato-quadrate cartilage, either directly or, in the Chondrostei, by the intennediation of a
little symplectic cart ilage ; it is also bound to the upper end of the ceratohyal caxtUage.

The palato-quadrate cartilage is firmly bound by a stout fibrous ligament, but without a true

joint such as is present between the hyomandibular and the otic capsule, to the craniimi behind

and below the nasal capsules. This is known as the ethmo-palatine ligament, and may be

attached to a similarly named process on the upper aspex-t of the palato-quadrate cai'tilage.

The palato-quadrate is articulated posteriorly to the hinder end of Meckel's cartilage. The two
cartilages together form the upper and lower jaws on each side. The jaw cartilages of the two

sides are very firmly united in a median symphysis in front.

The labial cartilages are one, two, or three in number on each side, two enclosed in the uppei-

lip and one in the lower. The anterior upper cartilage is commonly attached to the posterior,

and this in tm-n may be attached by its post-erior end to the posterior end of the lower labial

cartilage

.

In addition to the branchial elements mentioned above, there ai-e commonly present a
vai-iable number of extra -branchial cartilages attached in varying modes to the separate arches.

These extra-branchials ai'e of taxonomic value, but are for the most part devoid of any significance

to the student of the wider problems of homologies and of evolution.



THE EVOLUTION OF THE SKtJLL—KESTEVEN. 07

Having described the skull of Carckarias m rather general terms we may describe that of

one of the Rays, Urolophus, with more specific intent. It will serve as a second example of the

Selachian " type.

The cranium has a definitely dorso-ventrally compressed appearance. The three struts of

the rostral process may be described as having been united by membranous sheets of cartilage

BO as to produce a trough-like rostral process, V-shaped in both cross and horizontal sections, and

widely open above. The nasal capsules are very similar to those of the preceding form, V)ut the

ventral, external, aperture is so extensive that there is no floor. A ctu^ed flange of cartilage is

attached along the inner half of the upper and posterior edge of the nasal capsule. This flange

is nearly vertical but, with a slight backward lean, it swings round onto and then along the outer

edge of the cranimn above the orbit, it gradually inclines more into the hoiizontal plane and is

contii\ued right back along the outer edge of the otocrane, or otic capsule. There is a narrow

suborbital flange attached to the lateral edge of the cranium inferiorly. This merges into a

stouter lateral occipital process posteriorly. This last is surmounted by a little arch whicli

spiings from its outer edge and bends inward to be attached to the side waU of the cranium

behind the otocrane.

The cavtun cranii is not divided into regions, except in so far as such ai-e indicated by the

nerve foramina. The foramen prooticum is large, and in some of the Rays is divided into two.

The internal auditory meatus, foramen for the eighth nerve, is placed low down, almost right in

the angle between flooi- and waU.

The otocrane is small and compact. The nasal capsule is large.

There are no periorbital processes other than the flanges already described.

The visceral arches conform absolutely to the selachian type, hut the ethmo-palatine ligament

and process are not present. In the result the jaws have a greater mobility than have those of

the Sharks. Certain of the muscles of mastication are especially modified to give purposive

direction to this increased mobility, and the two jaws together with the lips are, by these muscles,

capable of being bodily protruded. The Chondrostei closely resemble the Rays in these features.

Heterodontus.

(Figs. 34, 35.)

The skull of Heterodontus portus-Jacksoni with the palato-quadrate in position presents a

peculiar resemblance to the skull of the Holocephali. This resemblance is largely destroyed by
the discovery that the upper jaw is not continuous with the cranium but only attached by an

ethmo-palatine hgament more extensive than usual . Even so , the re still remain marked

resemblances. The orbit is placed relatively far back, as in the Holocephali, and masks the

otocrane behind it, and further, as in these forms, the orbit is tolerably complet« and well defined,

with all the nei-ve foramina from the second to the seventh on its inner wall. There are two

complete canals for the superficial ophthalmic branches of the seventh nerve in precisely the

position of those canals in Chimaera and Callorht/nckm. There is. however, no median dorsal

crest to this skull, and the absence of the crest leaves the canals open dorsally.

The anterior cranial fontanelle lies in the horizontal plane ; this is because the skull roof is

carried forward on either side and forms an incomplete roof for the sphenoidal cavity in front of

the cavmn cranii proper. In front of the sphenoidal cavity the skull presents a peculiar

resemblance to that of Neoceratodus. The roof of the ixasal capsules is laterally expanded in the

same plane as the roof of the sphenoidal cavity. The two together have the same triangular

outline, as viewed from above, as the two nasal roofs in the Dipnoan, and they are similarly thin

and fenestrated, the fenestrations being confined to near the front margin. A central furrow

separates the nasal roofs of the two sides, and below this furrow there is placed the internasal

septum. The furrow is continued right forward to the tip and then passes down and onto the

inferior surface of the septum. The septum is as deep in front as it is at its origin behind.

Inferiorly it bears, on either side, along its length, a narrow horizontal process which forms a

very incomplete median nasal floor (solum nasi). The lateral margin of the na&al roof is turned

down and fonns a postero-lateral wall, of fuU depth, to the capsule. Anteriorly the ventral

margin of this wall turns medially into the horizontal plane, resulting in the formation of an

incomplete lateral area of nasal floor.

Each nasal cavity is, then, triangular as \-iewed from above or below. Two sides of the two
triangles lie parallel, along the mid-line, the nasal septum. The bases of the triangles are forward
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aad slightly outward. The angle which each forms with the mid-line is approximately 80"*.

The angle which the postero-lateral side forms is approximately 40^". Dorsal and ventral sides

are nearly flat and in parallel planes. There is little of the anterior wall and very little floor ;

the other walls are complete. The vertical walls become concave towards the depth of the
cavities, so that looking iato the apex of the triangular cavity one observes a circular olfactory

passage which opens directly into the sphenoidal cavity.

In Gyropleurodus galeatus Gill, the dorso-lateral margin of the sphenoidal and cranial cavities

carries, on each side, a vertical ridge. Low in front, where it commences immediately above the

olfactory passage, this becomes more elevated as it passes back. The two ridges incline towards
one another as they pass the middle of the length of the sphenoidal cavity, and then diverge

again as the brain cavity widens just in front of the orbit. Here the ridges incline outward and
backward, forming the anterior bomidary and roof of the orbit. They now approach one another
rapidly and decrease in height. Then, bending abruptly outward, they merge with a similar

flange which rises in the transverse axis of the skull from the antero-dorsal margin of the otocrane

and incline forward over the back of the orbit.

The incomplete canals for the superficial ophthalmic branches of the seventh nerves lie on
the roof of the sphenoidal cavity against the inner side of these ridges. The nerves in question

enter the orbit relatively high up behind and, after passing forward against the inner wall,

perforate the anterior wall to reach the canals exactly as they do in the HoIocephaU.
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In Heterodontus the dorsum of the skull is much more niraple. Commencing anteriorly, the

broad triangular roof of the nasal capsule narrows behind and merges into a narrow horizontal

shelf which contributes to the incomplete roof of the sphenoidal cavity. Behind that cavity the

shelf widens both mediad and laterad, joining its fellow of the other side behind the anterior

cranial fontanelle to form the complete roof of the cranial cavity proper and overhanging the orbit

laterally. There is a narrowing again at the posterior boimdary of the orbit, which is also the

anterior boundary of the auditory capsule. Behind this point there is a marked widening of the

dorsum, above tlie two auditory capsules. At the posterior limit of this capsule the dorsum gives

place abruptly to the posterior (almost) vertical wall. The posterior slope is broken across

the mid-line by a narrow pit into the depth of which there opens on each side the ductus

endolymphaticus.

The side wall of the cranial cavity is very complete, the iimer wall of the orbit is almost

entirely cartilaginous, and there is a narrow membranous margin to the optic foramen, in place of

the relatively extensive deficiency usually foimd in this region in elasmobranchian skulls. The

pituitary fossa and post-clinoid eminences are obvious features on the floor of the cranium. The

latter is, as it were, swung onto the side wall, and the rounded eminence that rcHults forms the

anterior boundary of the foramen prooticum. At the side of the floor of the pituitary fossa is the

foramen oculo-motorius, and above and in front of this the optic foramen. Below and behind

ihe foramen prooticum is a veritable meatus acusticus intemus, with its interna! facial foramen

in front and the auditory foramen behind at its base. Behind this again is the relatively small

glossopharyngeal foramen with the larger vagus foramen behind it.

On the lateral external surface of the skull, the last two passages lead out into relatively

large glossopharyngeal and vagal fossae, which are situated on the infero-lateral and anterior

corner of the capsule. At the infero-Iateral and anterior corner of the capsule there is the large

triangular joint buttress to which the head of the hyomandibular cartilage fits. Immediately

above this, and formed by the strengthening flange of its upper margin, there is a broad .shallow

groove across the lateral and anterior edge of the capsule. This is the incisura venae capitis

lateralis which is quoted in the text as the defined point in the description of the origin of certain

of the hyoid and mandibular muscles. The orbit has very incomplete floor and roof, no anterior

wall, but a complete posterior wall formed by the otic capsule. An antero-lateral wall is formed

by the upper part of the palato- quadrate. The foramen prooticum externum is placed about

the middle of the height of the orbital recess immediately in front of the antero-medial edge of the

auditory capsule. Just below it is the external aperture of the facial canal. Just in front of it

is the external aperture ot the canal for the internal (;erebral artery. This runs transversely

beneath the investment of the front of the post-clinoid eminence and joins its fellow of the other

side. Each gives off two branches : one as soon as the canal has penetrated the cranial wall

—

this is very short and opens at once through the fibrous investment ; the other, just to one side

of the centre line, runs ventrad against the cUnoid wall under the fibrous investment and divides.

One branch opens at once at the side of the pituitary body, the other passes through the pituitary

fenestra. The external oculomotorius foramen is in front of the arterial foramen. Quite a large

foramen in the floor of the orbit, in front of the external facial and below the oculomotorius,

tiansmits the ramus ophthalmicus profundus VII.

Posteriorly the lateral edge of the floor of the orbit is a ridge ; when this ridge, inclining

medially, meets the side wall of the skull at the front of the orbit, it becomes converted into the

lower wall of a groove which runs forward and mediad under the floor of the sphenoidal cavity t<j

terminate beneath the posterior end of the olfactory canal. Thi?? groove is fitted by nearly the

middle one-third of the upper edge of the palato^quadrate.

Tho nasal capsules have little anterior wall formed directly from the primordial cranium,

but they have an adventitial anterior nasal cartilage which strengthens the anterior wall very

eflRciently. The nasal septum may bo said to be split into two vertical halves just as the anterior

end ; these halves diverge and curve laterad, extending further inferiorly, then superiorly.

The roof bends ventrad anteriorly, terminating in a narrow vertical fringe. As viewed from in

front, the free edges of the nasal walls present a superior margin which slopes from the centre

laterad and ventrad, and ends by curving mediail. Tlie median margin is nearly vertical hut

with a slight inclination laterad. Inferiorly the margins do not meet. The peculiarly shaprd

adventitious nasal cartilage fits the outer curA C of the edges and extends mediad in contact with

the superioi' mai'gin. About the centre of that margin it abruptly bends ventrad and mediad.
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leaving an unfilled triangular gap medially. The arm of the cartilage which beads mediad and
ventrad is bifurcated ; the larger arm is that wliich gives direction to the cartilage, and it is

attached to the inferior and lateral corner of the out-turned anterior end of the nasal septum.
The smaller arm curves around in the vertical transverse plane so as to complete half a circle

and ends freely, turning back to the outer piece of the cartilage, which fits the outer curve of the
capsular margin. This is also bifurcated, but in this instance the two arms are placed one behind
the other. The posterior arm fits against the free ventral and median margin of the incomplete
lateral nasal floor. The other, and lesser arm, projects forward somewhat close to, but free from,
the laterally projecting small median arm. The cartilage aa a whole then may be described a8
an incomplete hoop whose ends are bifurcated. This hoop surrounds the nasal aperture.

Callorhynchus antarcticus.

The skull of CaUorhym-Jius has already been fully described and illustrated (Kesteven, 1933).

The Skull of the Chondrostei.

The development and adult form of the skull of the Sturgeon was described by Parker (1882).
Bridge described the skull oi Polyodon (1879). Scaphyrhynchus is essentially similar to Acipetiser,

and Psephuruft as closely resembles Polyodon.

There are, then, two distinct types of recent ehondrostean fishes' skulls and these, whilst
fundamentally similar, present marked differences.

Gregory (1933) agrees with the view of Watson and Stensio, that the *' partly cartilaginous

condition is due to retrogi-essive development (perhaps to the retention of early larval conditions
in the adult )'\ This last suggestion is. of course, quite contrary to the evidence. The early
lai-val chondrocranium is a very incomplete, fenestrated structure, and it is only in late larval and
early adult stages that the chondrocranium is completed. It is pointed out later that
the complete cartilaginous skull is not a primitive character, but is the peculiar feature of the
Elasmobranchii.

Probably the most important feature wherein these chondrocrania differ from those of the
Selaehii is the wide lateral cranial fenestra. In this they resemble the Holocephali and the bony
fishes.

The nasal capsules, though much reduced in size, are essentially elasmobranchiate in character.

They are not. as in the bony fishes, simple depressions on the dorsum of the ethmoidal cartilage

but have tlie typical three complete walls of the sharks and rays and, in addition, a complete
floor.

The rostrxmi is very similar to that of the rays and of such sharks as Pristioplujrus, Thia
is particularly so in Polyodon and Psephurus. In these two fishes the root of the rostrum is formed
by two sloping narrow plates of cartilage. Each commences above and behind at the antero-
lateral comer of the nasal capsule, just as in the plagiostomes, and meets its follow at the mid-
ventral line, forming, as in the Rays, an open V-shaped trough. This trough becomes shallower
as it reaches forward, and as the superior edges draw toward the mid-line anteriorly its walk
become thicker and, expanding laterally, form the long spathulate anterior portion of the rostrum.

There are, of course, no endochondral bones developed in the skull of either of the Polyo-
dontidae, and the covering bones are, for the most part, of a very indeterminate character. The
sjmpterygoid is the only bone whose identification is completely beyond question. It resembles
that of the Dipnoi in that it extends posteriad well beyond the limit of the cavmn cranii. Bridge
described inPolyodon, and figured, a " vomer " suturing with the anterior end of the synpterygoid ;

there is no trace of this bone in my young specimens of Psephyrus, nor do I find there any trace

of the post-temporal of Bridge's description of the adult Polyod'On. The lateral wing of the

synpterygoid basi-temporal ala " of Bridge) is much larger in Pfiephums than in Polyodon
;

it is not only wider antero-posteriorly, but extends higher on the lateral wall of the otocrano.

The bone on the side wall of the cranium which Bridge termed post-temporal has been identified

as the prootic by Gregory ; this is obviously an incorrect identification. It cannot even be
identified as a dermo-opisthotie, for it is placed entirely behind the otocrane.

The roof pattern.—In Psephuras thei-e is a median splint which commences above the hinder
lunit of the cavum cranii and ends anteriorly a little in front (>f the transverse level of the anterior

limit of the otocrane. Very narrow behind, the bone becomes wider in front and is bifiu-cated.
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Between its bifid anterior end and overlapping it another splint is placed. This Ls ahnost m
wide as the posterior splint where the two overlap between the two auditory capsules, but tapers

to a very fine and long filament which runs forward well in front of the orbits.

Over the auditory capsules, on each side, there is a very thin scale resembling that which, in

Polyodon, Bridge termed dermosphenotic, but differing in that its anterior and posterior lateral

splint-like elongations are relatively much longer than in Polyodon. This bone is narrow over

the capsule, but has quite a long suture with both the median bones per medium of anterior and

posterior median splints similar to the lateral but not nearly so long.

The roof pattern of Polyodon differs markedly from that ofPsepkurus as I have just described

it ; whether this is due to the juvenility ofmy material I am not in a position to say. In Polyodon

Bridge described a median posterior bone which he termed parietal, suturing in front with paired

frontals, and between these a single bone which he called the dermo-ethmoid ; lateral to the

parietal and suturing with it a dermo-sphenotic ; behind this a dorsal splint from the post-

temporal, and, suturing with it in front, a splint which he terms nasal or dermo-prefrontal

(Fig. 36).

Fig. Z^—Polyodon. The dermal roofing bones (from Bridge, 1878).

The basal ossifications on the skull of Acipenser are similar to those of Polyodon. The

synpterygoid is broader. There is a gap between the fore end of this bone and the posterior end

of the flat " vomer " in front of it. This last is not continuous to the end of the snout but

anteriorly is broken up into a closely fitting series of pairs of scutes. The roof pattern of Acipenser

is so similar to that of Scaphyrhynchus that one illustration would serve for both. These two

genera are as bewildering in the plurality of the dorsal scutes as Polyodon and Psephurus are in

their paucity.

Gregory's interpretation of these bones is provisionally accepted and his illustration of

Scaphyrhynchus is reproduced (Fig, 37).

¥ig. 37.

—

Scavhyrhynchui. The dermal roofing bones (from Gregory, 1933).

Fig. 38.

—

Aciv^nser. The palate (from Parker, 1882).

Fig. 39.

—

Acipenser. The jaws and the suapenaorium (from Parker, 1882).
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Theie appears to be no way, as yet, to determine the actual homologies of the numerous
scutes on the dorsum of this skull, and, indeed, it is even questionable whether they should not be
regarded as evidence that the primitive bony fishes had no settled plan of fragmentation of the

bony shield, or was it want of plan in the integration of numerous tiny ossicles ? This latter is

probably the most likely explanation.

The interpretation of the illustration, then, is accepted, provided the nomenclature is

regarded as being purely topographical and not implying homologies.

The palate of the Sturgeons (Fig. 38) is an altogether curious structure. Tlie palato-quadrate

cartilages appear as though curved the wrong way, the concavity of the curve being outward
instead of, as in all other elasmobranchs and bony fishes, on the inner side. The resxilt is that the

anterior ends do not meet in the usual sjTnphysial union, but project forward side by side, and
the medial edges of the two cartilages are in contact for a short distance, and then diverge caudad.
So broad are the cartilages that they form a nearly complete cartilaginous palate behind the

jaw and, swelling posteriorly, extend slightly behind the transverse level of the two Q-M. joint*?.

Behind the " palato-quadrate palate " the roof of the mouth is added to by three large plates

and a collection of small pellets of cartilage.

The actual margin of the jaws is supplied by a membrane bone developed independently of
the palato-quadrate and by a lesser on each side, laterally, immediately in front of the jaw joint.

Although the former touches and is applied to the anterior end and lateral edge posteriorly,

Parker was probably correct in regarding these as not ectochondral in origin in either instance,

but fairly certainly was he correct in the case of the anterior bone, which he designated the maxilla.

Between the maxilla and the cartilage two, probably, ectochondral ossifications are found. These
are both small and placed on the lateral sui'face, and encroach but slightly on to the dorsal surface.

The more anterior of these was identified by Parker as the mesopterygoid (metapterygoid of

thi.s work), the other he termed the palatine (maxilla). The ventral, that is, the oral, surface of

the palato-quadrate is largely covered by an ectochondral plate of bone which Parker identified

as the pterygoid (palatine).

In Poli/odon and Paephiirus the palato-quadrate is essentially similar to that of the Selachii

or Batoidei. and there is developed on its opposing and outer surface a single bone which has been
designated the maxilla, and on its inner surface a bone which Traquair identified a-s the palatine.

There is no trace of the curious palate of the Sturgeon.

The collection of palatal cartilages behind the palato-quadrate of the Sturgeon may be

dismissed as being sui generis and without parallel elsewhere.

The maxilla in both chondrost-ean types may be regarded as the precursor of, and as com-
pletely homologous with, the maxilla in the tetrapods and the bony fishes, that is, with the bone
which has, in the past, been so universally designated palatine in the latter fishes.

It is possible that in the Stiu*geon we are permitted to observe this bone in the making, as

it were. That which Parker designated the maxilla being only the dermal alveolar, tooth-

bearing component, whilst the three ectochondral ossifications are the palatine lamina. Pdor
to the appearance of Landacre's confii'mation of the work of Piatt and Stone, one would have
advanced in support of this suggestion the fact that the teeth are certainly ectodermal structures

whilst the ectochondral bone is mesodermal. Even so. although we now know that the cartilage

is certainly ectodermal, and its osteogenetic tissue possibly .so, it is still possible to recognize in

the tooth formation a later ectodermal invasion of the deeper tissues than that from the neural

cjrest which gave rise to the cartilages, so that thus modified the argument stiU holds.

The lower jaw and its suspension in the Ciiondrostei (Figs. 39, 40) is essentially similar to

that of the Plagiostome, resembling more particularly that of the batoid rather than the selachian

forms.

The segmentation of the lower end of the hyomandibular cartilage to form a symplectic

has been remarked upon as evidence of teleostean affinities. I know of no teleostean in wliich

the hyomandibular cartilage is segmented. It is highly doubtful whether the so-called symplectic

bone of the teleosts is comparable at all with the cartilage of the Chondrostei. The cartilage-

intervenes between the hyomandibular and the quadrate, completely separating the two, and it is

formed by segmentation from the lower end of the former. The hoJie is developed in the lower

end of the hyomandibular cartilage and here the i-esemblance ends. It fies behind the quadrate,

and does not intervene between that and the hyomandibular.
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On the other hand, there ia no slightest trace, within the suspensoriiun of the Chondrostoi,

of that separation of the quadrate from the rest of the palato-quadrate bai*, or of the presence

of the metapterygoid pi-ocess from which the shaft of the quadrate and the epipterygoid ai-e

developed. These are two absolutely constant features of the mandibular suspension in the

Teleostei and, moreover, essentially characteristic of the whole of the bony fishes. These and tlie

attachment of the palatal arch to the skull, anteriorly separating the two cartilages, are the

outstanding features of the teleostean suspensorium and palatal arch.

Fig. 40.

—

PsephuTUS,

Notwithstanding the absence of tiicse essential fuatures, Gregory writes (1933, p. 1 20),
*' the entire suspensorium (of the Chondro^tei) is evidently a modified actinopteran type, differing

from the elasmobranch(ian) especially in the presence of a large symplectic and of an ' opercular '

plate " (the italics are mine).

It were foolish to deny Professor Gregoiy the use of the personal factor in evaluating thene

features, but one may be permitted to rM^mment that, at least, the evidence is not obvious, it

seems that it would be a good deal nearer the truth to say that it is
** evidently a slightly modified

elasmobranchian suspension *'.

It may be said of the skull of the Chondrostei, ( 1 ) that whilst it possesses outstanding elasmo -

branchian features it does not possess one single teleostean feature that is not also possessed

by the Holocephali, except the ectochondral bones, and (2) that it differs from the skull of every

known bony fish in the complete absence of endochondral ossifications.

Gregory's view of tlie Clirondostei is that they owe their characteristics to " degenerative

specialisations from an actinopteran starting point " (1933, p. 120). This view, however, is based

entirely on his interpretation of the special features of the group and is not supported by the

citation of any definitely actinopteran characters. He asserts that the " shoulder girdle (of

Pohjodon) is that of an actinopteran, not that of a progressive shark

After dissecting that of Acipenscr and comparing it with that of sevei-al selachian and batoid

fonns I am able to agree with this dictimi. Stripped of its derm bones the cartilaginous girdle

is most emphatically essentially similai* to that of the Elasmobranchs and unlike that of the

Aetinopterans.

T do not suggest that the Chondrostei should be regarded as progressive sharks. To me they

appear to be descendants of a primitive elasmobranchian branch which had been " cut off

"

with a very small share of that osteogenetic potential which was in fuller measure the heritage

of those other branches which yielded the whole of the bony fishes and animals.

Gregory's suggestion that they are derived from an actinopteran starting-point implies an
almost oomplote reversal of evolutionary forces and a return to primitive elasmobrancliian

conditions.

One striking differeaee there Is between the cartilaginous structures of the chondrostean

skull and that of the elasmobranchian fishes. This is that in the Elasmobranchii all the

cartilage is either covei*ed or permeated by exceedingly tough fibrous tissue, whilst there is no
such covering or permeation in the chondrostean skull. Hei-ein the Chondrostei resemble not only

the Teleostei, but also those primitive amphibia, the Dipnoi.

It would almost seem that the acquisition of osteogenetic power was at the expense of this

tough perichondrium.

This suggests the following further speculation. The Chondrostei, deficient in osteogenetic

power, were unable to develop solid endochondral replacements, or ectochondral covering plates,

in or on the cranial walls, and had also lost the power to encase the skull in that tough fibrous

investment which not only strengthened them but also made of them fit " fixed " and rigid

points for the origin of muscles.
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With moi-e or lens fvitility, an attempt was made to compensate for the absence of rigidity by
the utilization of the dermal tubercles. These were aggregated into scutes of varying sizes and
articulated together in the production of a complete cephalic shield and dorsal and lateral body
series.

This is, of course, pure speculation and is only intended to point out that the Sturgeoas may
be regarded as illustrating one of nature's faihires—an ineffectual attempt to obtain that
cephalic and bodily rigidity with flexibility which was essential to the development of a mechanism
capable of directionally purposive rapid movement, and to obtain it without the sohd, and yet
flexible, endoskeleton.

The operculum " oiPsephurus is fitted very neatly to the lower half of the hyomandibular ;

in the Sturgeon it is fitted to the hyomandibular for a greater length.

This relation suggests that it is really a preoperculum. Gregory stat-es (p. 426) that it " has
no contact with the hyomandibular and regards it as a suboperculum. This observation and
identification probably results from the study of mounted or disarticulated matenal and the
neglect of the material in the flesh and of dissecting instruments,

THE SKULLS OF THE BONY FISHES.

In this, as in other sections describing the skulls, no claim is made to have dealt with the
subject exhaustively. The aim has been to describe one or two skulls which may be regarded
as typical ofeach group, with a view to providing a standard of reference for subsequent dlscus-sion.

Figs. 41-44.—P/attfc«x)Aa/tt8.

The examples chosen here are Platycephalns and Paradicichthys. Of the former I give only

the illustrations which accompanied my detailed description published in 1926. Throughout the

description oi Paradicichthys free use has been made of the terminology which I proposed (1926),

in an attempt to provide a standardized nomenclature for ichthyo-craniological descriptions,

and in the discussion on the maxillo-ethmoid articulation in the skulls of bony fishes, which

appeared at the same time.
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Paradicichthys venenatus Whitley.

{Figs. 45-50.)

The general^coatours of the skull and its regioim will be readily gathered from the drawings.

The dilator fossa is exceptionally large, and extends medially under a large portion of the

floor of the temporal fossa. The anterior and upper part of this fossa lies between two laminae
of the frontal bone. The lower of the laminae in question sutures with the uppei* margin of the

sphenotic, the upper lamina with the upper margin of the pterotic bont;. which latter is thrown
right across the aphenotic bone to reach the lamina of the frontal. The floor of the fossa is formed,
for the most part, by the outer portion of the upper surface of the body of the sphenotic bone and
to a lesser extent by an undercurved part of the pterotic bone which sutures with the sphenotic

as it crosses it. This suture is interrupted on both sides of the skull by a foramen, but the foramen
on the right side is much larger than that on the left. The foramina probably transmit blood

vessels. The roof slopes from the floor upward and forward to the top of the anterior wall ; for

the most part it is formed by the pterotic bone.

The temporal fossa is also larger than is usual ; it is devoid of a ioof but, for the rest, well

defined. The median wall, slightly overhanging, is formed by the epiotic process behind and an

mx. lab.

Figs. 45-47.

—

Paradicichthys.
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upstanding flange of the parietal and frontal in front. Posteriorly the floor is defined from the
sloping outer wall by a very definite sulcus where the pterotic turns under to suture with the
Hphenotic bone, and behind this sulcus by an angle along which runs the suture between pterotic
and opisthotic bones. In front of the sulcus the fossa is much shallower, and the sloping outer
wall meets the bottom of the inner wall at a wide angle, and has become the floor. In front
of the pterotic process the outer boundary of the fossa is clearly indicated by the change in the
character of the siirface of the frontal bone

;
beyond the fossa this bone is subdermal and presents

the usual roughened surface of subdermal bones. Medial to the pterotic process, the floor of the
fossa is formed by the sphenotic and opisthotic bones. The posterior margin of the fossa is a
curved ridge which begins above to the inner side as the posterior margin of the epiotic process,
prominent and outstanding ; this merges below into a ridge of low relief which turns ourward
and then sHghtly upward again, to reach the posterior end of the outer wall at the root of the
pterotic spur. Above this curved margin the fossa is crossed from within out by a prominent
rounded ridge which throws the floor behind it almost into the vertical plane. This ridge com-
mences below the epiotic process just in front of its hinder margin and, crossing the body of the
epiotie and opisthotic bone, terminates at the root of the pterotic spur. The posterior semi-
circular canal lies immediately beneath the upper end of the ridge, and was doubtless responsible
i'or its formation.

Tiie occipital fossa is bounded laterally by the innei- wall of the temporal fossa. The anterior
portion of the floor is nearly in the horizontal plane, whilst the posterior portion is nearly in the
vertical ; the angle between these two portions is a ridge which runs across the floor from the
epiotic process. The median wall is, of coin-se, the occipital crest and its forward continuation.
This wall stands out behind the vertical portion of the floor and is supplemented below by the
sloping superior vertical lamina of the exoccipital bone. The floor of the occipital fossa is carried
out laterally below the inferior limit of the temporal fossa, and is itself limited below by the
buttress of the exoccipital bone.

The large size of the hollow ethmoid bones gives to the proorbital region a deccpti ve appearance
of solidity. The single facet for the maxilla is placed far forward on the anterior end of the
prefrontal below anrl lateral to the nasal cavity. The frontal bones overlie the greater part of
the mesethmoid

; only a small vertical portion of that bone is to be seen in front of them. The
large nasal bones are firmly bound to the lateral edges of the frontal bones in front of the pre-
frontals, and also to the upper edges of the flrst subocular bones, to enclose the greater part of the
nasal capsules in bony walls. The nasal apertures ho close together beliind the posterior margin
of the nasal bone and in front of the prefrontal. In this region the outer wall of the capsule is

membranous, tilling in a triangular gap between the two bones mentioned and the hinder half of
the upper border of the first subocular ; for the i*est. the whole of the eapsxiles are enclosed by
bony walls.

The trigeniino -facialis chamber has the incomplete outer wall formed by a bridge of bone
developt>d from the prootic ; a little square of the same bone thrown up from below fornxs an
incomplete front wall to the chamber.

Bones or the Cbanium.

The basiocclpital bone presents all the usual parts but it is modified in such a way as to disguise
that fm:t to some extent. The myodomial recess is very large and is completely roofed. The
saccular recesses are placed at and above the level of the myodomial roof (" hypomyodomial
skull Between these two recesses there is a soHd, roughly cubical shaped, mass of bone,
which, besides forming the inner walls of the saccular recesses, also forms the roof of the myodome
and the occipital segment of the cranial floor. The cube is excavated behind by the large azygos
sinus, which extends right across the width of the floor. Behind the azygos sinus the ha^'i-

occipital bone is covered by the two exoccipital bones. This suture between basi- and ex-
occipital bones swings forward, round the edge of the sinus and along the sides of the occipital

segment of the cranial floor, and at the same time along the middle of the length of the roof of
the saccular fossa of eanh side. The basioccipital element in this suture is a narrow flange which
stands out from the side of tlie top of the cubical mass described above. These httle flanges,

togetlier with the flat top of the cubical mass, replace the horizontal laminae of the exoccipital

bones which, in many fish skulls, form the occipital segment of the cranial floor in front of the
8jnu8 ; and it may be said that the flanges suture with the exoccipital bones along the line of
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origin of the replaced lamiuae. The basal lamina of the basioccipital is very thick and womowhat
narrow ; it is incised along the centre of its width toward the hinder end by a deep narrow groove
which perforates the entire thickness of the bone just in front of the condylar edge. Only portion
of this perforation of the myodomial floor is closed by the hinder end of the .synpterygoid bone.
Though the saccular recesses are placed at a higher level than the inyodorae, they do not bulge
beyond it laterally, so that there is no trace of a saccular bulla, and the vertical lamina of the bone
is without prominences above the myodomial swelling. The fore end of the cubical mass sutures
with the hinder ends of the horizontal laminae of the prootic bones. Inmiediately to the outer
side of this contact there is, in the dried specimen, an oval foramen of some size which leads
from the saccular cavities on each side to the inyodome ; below this foramen the vertical lamina
of the basioccipital bone sutures with the myodomial lamina of the prootic ; above and to the
outer side of the foramen the suture between the basioccipital and prootic bones crosses the floor
of the saccular recess. At the outer end of this last suture the vertical lamina of the basioccipital
sutures with the inferior margin of the inferior vertical lamina of the exoccipital bone. There is

an oval foramen on both sides of the azygos sinus which leads into the hinder end of the saccular
cavity of its side {vide Figs. 51a, b).

The exoccipital is a much more normal bone than the basioccipital. No part of the superior
vertical lamina is actually in the vertical plane, but each slopes towards its fellow, to meet above
the foramen magnum. The buttress is well developed, and is continued out by a ridge, developed
behind the posterior end of the horizontal semi-circular canal, to meet the prominent posterior
edge of the opisthotic bone. The inferior vertical lamina is a Uttle less extensive than usual.
The external aperture of the occipito-spinalis foramen is found above, and that of tlie vago-
glossopharjTigeal canal below, the buttress. The horizontal lamina iw confined to the region of The
cranial floor behind the azygos sinus. The internal aperture of the occipito-spinalis canal is

situated just above the azygos sinus, and that of the vago-glossopharyngeal canal at the extreme
anterior edge of the postotic cranial wall, where it overhangs the posterior ampullary cavity.
As is usual the otic mass of the bone lodges the posterior ampullary cavity with the contiguous
portions of the posterior and horizontal canals ; it also forms the roofand side wall of the saficular
cavity, and this also is usual.

The supraoccipital bone presents little of special interest ; the verti< al lamiua is much
reduced, the crest well developed, but not large.

The general shape of the epiotic bone will be gathered from the drawings ; the bone fopins
the postero-superior corner of the otocrane and lodges the greater part of the posterior semi-
circular canal. The surface of articulation of the upper arm of the post-temporal, on the dorsum
of the epiotic process, is large and smooth.

The pterotic bone takes no part in bounding any of the otocranial recesses or canals ; it is
a flattened bone which is sutured by its inferior margin to the juxtaposed edges of the opisthotic
and prootic bones and to the dorsum of the sphenotic, crossing this last bone to be sutured to the
upper of the two lamina into which the hinder end of the frontal sphts. Posteriorly this flattened
bone stands neariy vertically ; where its anterior margin sutures with the frontal the bone is
oriented more nearly in the horizontal plane. The postero-inferior corner of the bone, just abo\-e
the suture with the opisthotic, is produced into a well developed spin- The posterior hyo-
mandibular articular facet is borne on the under side of the bone immediately in front of the root
of the spur. The postero-superior corner of the bone is slightly swollen and gives attachment
to a band of fibrous tissue which replaces the supratemporal bone.

The irregularly shaped opiMotic is wedged in between the pterotic and prootic in front and
to the outer side, the epiotic and exoccipital behind and to the inner side, and the sphenotic
in front. The bone lodges portion of the horizontal semi-circular canal and at its postero-Iateral
comer bears the facet for the articulation of the inferior arm of the post-temporal.

The body of the prootic bone is relatively smaU, the myodomial lamina relatively extensive.
The former is oriented mainly in the horizontal plane, the latter mainly in the vertical, so that a
proper idea of its conformation can only be gathered by the study of both Figures il and 49.
The extent of the body of the bone showing on the posterioi- orbital wall is rather greater than
is usual i the angle between these two faces of the body is accentuated by the bridge of bone which
forms the outer wall of the trigemino-facialis chamber. The bone takes a lesser share than is
common in the formation of the anterior hyomandibular facet. Little of the myodomial lamina
18 covered by the synpterygoid. The horizontal lamina is sharply differentiated into cranial-floor
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and saccular floor components. That portion of the lamina which forms the prootic segment of

the cranial floor is triangular in outline, the base of the triangle being at the mid-line, the apex
at the trigemino-faciaUs fossa. At the hinder margin of this segment the lamina dips vertically

a little way and then slopes down, back and laterally, forming the oblique anterior wall and part

of the floor of the saccular cavity. The lamina between the lower part of the arcuate and the

trigemino-facialis fossae is well developed, and the large anterior apertiure of the horizontal bony
canal is placed immediately to the outer side of, and behind, the former fossa. The carotid

canal intenxipts the suture between the prootic and the latter bone.

p. mx.

s.

pr. ot.

Pigs. 48, 49.

—

Paradicichthys.

Fig. 50.

—

Paradidchthys. Median section of the neurocranium.

The sphenotic bone bears a rather larger post-orbital lamina than is usual, and at the inferior

margin of this lamina the bone bears the greater part of the anterior hyomandibular articular

facet. The body is of quite irregular shape ; it appears in the inside of the skull, where it con-

stitutes the upper half of the arcuate fossa and the intracranial temporal fossa.

The alisptienotcl is a flexetl larnina of bone which sutuies with the alisphenoid process of the

frontal, the sphenotic, prootic, and iiasiephenoid bones. There is no pterygoid process and no

contact with the synpt^rygoid.



THE EVOLUTION OF THE SKULL—KESTEVBN. 109

The transverse arm of the basisphenoid is almost in the vertical plane ; it sutures with the

aiiBphenoid and with the prootic to the inner side of the trigemino-faciaiis fossa. The vertical

arm i« broader and thinner above than it is below where it sutures with synpterygoid.

The parietal bone presents a small oval area in the roof of the cranial cavity
;

externally,

it is much raoi^e extensive. Of irregular outline, it is placed between the supraoccipital, epiotic,

Bphenotic, and frontal bones. It is crossed by a prominent ridge which is thin and plate-like in

front, where it sutures with a similar process of the frontal, but behind it becomes much stouter

aiid forms a very strong buttress to the epiotic process.

The shape of the frontal bone will be gathered from the diawings. Posteriorly the bone is

bilaminate on both sides of the little upstanding plate which sutures witli the parietal ridge.

To the imier side of this line the upper lamina is the cimiial roof, the lower lamina, the alisphenoid

process ; to the outer side of the line the upper lamina is the roof of the dilator fossa, the lower

(much shorter) sutures with the superior margin of the postorbital plate of the sphenotic.

The syn2:>terygoicl is rather broader than in other comparable skulls ; it is continued back

along the basioccipital almost to the condylar edge, leaving a basi-myodomial foramen between

its bifurcated posterior end. There is no alisphenoidal process.

The di'awings must again be consulted to gain an idea of the shape of the prefrontal bone.

The preorbital process is massive and bears no facet for the articulation of the maxilla. There is

a knob on the infei o-lateral corner, to which the first subocular is firmly bound but not articulated.

The situation of the preethmoid maxillary articular facet is quite peculiar. In the great majority

of the acanthopterygian fishes this facet is found on the under side of the preorbital process

just where it joins the body of the bone. In this form it is divorced from the preorbital process

altogether ; the body is inordinately prolonged forward and the facet is placed on the extreme

anterior edge thereof. The postero-ventral process is a massive corner which sutures with a

process of the .synpterygoid developed to accommodate it. The postero-dorsal process is poorly

developed.

The menethmoid is a larger bone than usual ; for the most part covered by the frontal bones,

it shows a small subdermal area between their divergent forward ends. The median i-idge so

characteristic of the bone is present, but is ver\' short and is very nearly vertical.

Both these two last bones are constructed of very open-meshed cancellous bone and ai-e

fiuther excavated by large cavities filled with loose fatty tissue. No definite cartilage was found

between them.

The steep ascending process of the premaxilla is flush with the forward end of the mesethmoid.

There are two or three rows of small teeth similar to those on the preraaxillary labial on the

alveolar border. The comparatively broad palatine plate is rather abruptly truncated posteriorly.

BOKES OF THE UpPER JAW AND PAIiATE.

(Figs. 52-56.)

The hyomandibular bone may be desci i!>eci as presentmg a body and an elongated ventral

process. The body is roughly square in outline, the lower side being produced out into the

process. The bone is binarticulate ; the anterior condyle stands up and forward from the

antero-sviperior comer of the body, the posterior condyle is placed on the dorsal edge of the bone,

nearer the posterior than the anterior comer. The upper opening of the canal for the hyo-

ttiandibular branch of the facial nerve is just behind and below the anterior articular facet, the

lower opening is on the posterior edge of the process about the centi e of its length. The former

is, of course, on the inside of the bone, the latter is outside the strong fibrous tissue that binds

the process to the preoperculum. The well developed facet for articulation with the operculum

is on the posterior edge of the bone a little below the centre of the body. A stout ridge crosses

the body of the bone on the outside from the anterior articular facet to the base of the opercular

facet. In front, this ridge takes the form of a rounded bxittress to the articular head, further

back it l>ecomcs higher and shai-per, and the free anterior edge of this higher part stands forward

over the buttress-like portion. In situ, this pi-ujeeting point nearly touches, and is bound to,

the outer comer of the post-orbital plate of the sphenotic. At its liinder end the ridge becomes

merged with the prominent upper end of the inferior process of the bone. From the angle where

these meet, tiiei-e arises a low ridge which extends diagonally down ajid forward across the body of

the bono to the antero-inferior comer of the body ; just before the inferior margin of the body is

reached, this low ridge is imdercut so that the extreme comer of the body is bilaminate. The
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hym.

5t

Fig. SL—ParadiHchthys, Transverse sectioHs through the basioccipital bone. A. is the
more posterior of the two. Az.si., Azygos sinus

;
B.my.f., Basimyodomial fenestra

My., Myodome
;

Sac.r., Saccular recess
; S.my.f., Sacculomyodomia! foramen.

Fig. &2.~Paradicichtky8. The palatal arch and the suspensorium.

Pig. 5B.—Paradicichthys. The maxillary labial bone.

Fig. ^^.—ParadidcHhys. The premaxillary labial bone.

Fig. 56.

—

ParadicicJahys. The two labial bones.

Fig. 56.

—

Paradicichthys. The maxilla.
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outer lamina is thin and sutures with the outer lamina of the top corner of the metapterygoid ;

the inner lamina, much thicker, sutures with the stout inner lamina of the same bone. Between
the two bones thero is a narrow passage, and through the passage there passes, m the flesh, a
strong tendon of the levator areas palatini muscle which will be referred to again later. When
the bones are in place it is found that the upper surface of transverse ridge is in the plane of, and
continues backward and down, the floor of the dilatator fossa, and that this floor Ik complete
but for an oval foramen just behind the orbit. The boundaries of this foramen are : the outer

corner of the posterbital plate of the sphenotic in front, the buttress of the anterior articular

head of the hyomandibular to the inner side, the shelf-like process of the same bone behind, and
the anteriorly projecting point of that process on the outer side. Another tendon of the levator

areus palatini muscle passes through this foramen, and it also wilt he referred to again later.

The shape of the metapterygoid will be gathered from the drawings (Fig. 52. oJr.) ; except
at the dorsal corner it is a thin lamina of bone ; at that corner it is bilaminate and the inner

lamina is thickened. The extent of this bilamination has been indicated on the drawing by dotted
lines ; the whole of the inner surface of the outer lamina covered by the inner, and between it

and the inferior, process of the hyomandibular, and also a small triangular ai-ea below the inner

lamina and in front of the same process, gives attachment to those fibres of the le\ ator palatini

muscle which insert on the tendon that has been described as passing down between the two
laminae of the bones.

The symplecHc, quadrate^ ectopterygoid and palatine bones need no description ; their .shape is

sufficiently shown in the drawings.

The maxilla is acrartete. The body of the bone is a plate which Is much thickened towards
the medial border. The outer thinner portion of the bone sutures flush with both sides of the

fore end of the ectopterygoid ; the thickened medial portion sutures along its posterior edge flush

with the under surface of the fore end of the palatine, but presents a rough surface above the

level of the upper surface of that bone, this roughened surface being attached by tough fibrous

tissue to the under surface of the preorbital process of the prefrontal bone. The dorso-median
and anterior border bears a solid bar of bone which is continued forward as the labial process and
carries the articular facet on its truncated posterior end. There is a limited tooth-bearing area
on the outer margin of the thinner portion of the bone. The teeth are little pegs, similar to those on
the premaxilla, but smaller.

The form of the opercular bones is sufficiently shown in the drawings.

The Periocttlar Bones.

There are four of these bones present. The outline of the first is clearly shown in the drawing ;

where it is attached to the prefrontal bone it is thickened and bears an articular facet. The
second extends the full length of the under side of the orbit ; it is attached to the inner side of the
first almost as far forward as the attachment of that to the prefrontal. This second suboeular
bears a suboeular shelf along its full length. There are two short postoculars, the upper of
which is attached to the frontal just where that bone becomes bilaminate, behind and above the
orbit.

The Ckaniai^ Boundakies, the Otocrane and the Myodome.

The occipital segment ofthe cranial floor is formed by the horizontal laminae of the exoccipital

bones behind the azygos sinus, and by the basioccipital in front of that sinus. The azygos sinus
is particularly large ; it extends across the fufl width, and along nearly half the length of the
occipital segment of the floor. A large foramen on both sides places it in communication with
the two saccular cavities. In the mesotic region there is a deficiency on each side in the roof of
the saccular cavities, but since the lateral cranial obturator membrane rises vertically medial
to these deficiencies, there is no basicranial obturator membrane ; the fore end of the upper
surface of the basioccipital bone sutures with the hinder ends of the horizontal laminae of the
prootic bones. Immediately forward of this suture the mesotic section of the floor widens rapidly.

The pituitary fenestra is a naiTow transverse slit, and is followed by a narrow prepituitary bridge
which is tilted almost into the vertical plane.

The lateral cranial obturator membrane is attached above in front to the top of the lamina
which separates arcuate from temporal fossa ; from here the Ime of attachment is continued down
the free border of that lamina and along the hinder edge of the mesotic section of the floor. It

31
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now turns back along the inner (median) side of the gap in the roof of the saccular cavity, then

laterally along the hinder margin of that gap. In this situation it Ls attached to the fi-ee anterior

margin of the flange developed along the side of the cubical mass of the basioccipital bone. Leaving

this structure, it reaches the free anterior margin of the postotic section of the cranial wall. This

free margin terminates just above the posterior ampullary cavity, and from this point the line of

attachment turns medially and up and becomes lost in the mass of loose connective tissue which

tills the top of the cranial cavity above the level of the exoceipito-supraoccipital suture. Thick

behind, this mass thins as it reaches forward, leaving the roof of the temporal fossa free of aught

but a layer of fibrous tissue.

The lateral cranial obturator membrane is quite well defined as usual, in close pi'oximitj'^ to

the various bony laminae to which it is attached, but, removed from those laminae, it is even more

indefinite than usual, and it is almost impossible to delimit the fatty tissue filling the temporal

fossa and that, less fatty, tissue in which the membranous labyrinth is packed.

The temporal fossa is large and the extensive alisphenoid bono makes a moi-e complete front

wall than is usual. The spheno-obturator membrane is narrow, but broadens below just above

the prepituitary bridge.

There are three perforations in the depth of the well-formed trigemino-facialis fossa ; of

these the two lower ones open directly into the little trigemino -facialis chamber, and the third

just to the inner side thereof. The oculo-motorius foramen is placed to the inner side of the

fossa, almost within it, and opens directly forward. The foramen of the sixth nerve perforates

the mesotic floor directly in front of the saccular cavity and transmits the nerve to the myodome.

No foramen for nerve IV is discoverable ; it probably leaves the cranial t-avity through the

spheno-obturator membrane beside the optic nerve. It may be that that which is described

above as the oculo-motorius foramen transmits a branch of the trigemino-faciahs complex, in

which case the third nerve must leave the cavity tlux>ugh the sphenotic fissure (Kesteven,

1918).

The myodome is particularly large, and its roof more complete than usual. There is no

median deficiency, but two large oval foramina near the middle of the length of the roof lead into

the saccular cavities. There is a median basimyodomial foramen at the extreme posterior end

of the floor, and a rather large carotid foramen perforates the side wall far forward and low down,

interrupting the suture between the ascending process of the synpterygoid and the myodomial

lamina of the prootic,

Paradicicktkys and Platycephalus are two fairly typical examples of the modem teleosts and

they may be accepted as fairly exemplary of the Acanthopterygii. Within this large group

of the fishes there are many variations in skull form, but such variations affect the relative

development of the component bones, so that they may be regarded as alterations of degree

rather than of kind. In others of the many groups of the modern bony fishes the variations

may be said to be of kind as well as of degree. W. K. Gregory (1933) has recently presented us

with brief disjointed descriptions but excellent illustrations of a very large munber of these

variations in the arrangement and relative development of the bones. Numerous and extensive

though these variations be, it is still, in the Teleostei, possible in all instajices to regard every

skull examined as presenting a variation of the central acanthopterygian type described above,

rather than a new type. It were impossible to review all these variations and would servo no

good purpose hei'e, but a few of the more important may briefly be referred to.

In general, the median edge of the palatal arch is free from the base of the skull, and the arch

of the palate between the two is completed by the " palatine fascia ". In certain forms, e.g.

Arapaina, Notopterus, Gymnarckus, Mormyrops and GnatkonemnSy on the other hand, the median

edges of the palatal arch bones are firmly ankylosed to the synpterygoid along the base of the

skull.

The number of otic bones is variable ; the full complement of five is present in both the

examples described : the opisthotic and sphenotic are the two most commonly absent. The basi-

sphenoid is another bone which may not be present. The myodomial chamber is not developed

in quite a number of fishes, e.g. Tandanus (Fig. 57). The labial bones are subject to wide variation

in size and shape, and in some fishes are absent altogether, e.g. the Eels (Fig. 58). These last

two also exemplify two of the many variations in the shape of the maxilla.

The development of some of the bones in the fish skull will be discussed later ; at this juncture

it may be mentioned that the araoxmt of the chondrocranixam i*emaining, encased in the bones in
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the adult cranium, ik subject to variation. In general it may be stated that those fish among the

Teleostei which, by common consent, are I'egarded as the most primitive, retain more cartilage

than do the more modern forms. In this respect the Malacopterygii closely resemble Arnia, the

most modern, in form, of the Ganoids, and present various stages between the almost entirely

bony cranium of the Acanthopterygii and this largely cartilaginous cranium.

The recent ganoid skulls must be described.

58

Fig. 57.

—

Tandanus.

Fig. 58.

—

Anguiffa.

Amia.

(Figs. 59, 60d, 61, 62.)

The nearly complete cartilaginous cranimn recalls that of the Elasmobranchs, but differs

in important respects. The cavum cranii is not continued from end to end at the same level.

At the anterior boundary of the otocrane the cranial floor is lifted dorsad away from the base-

line of the skull. There is a very large lateral cranial fontanelle exposing much of the structure

of the otocrane. Except in the Holocephali, this is a feature not found in elasmobranchian
crania. A large myodomial chamber is present below the anterior end of the cavum cranii ; it

is the presence of this cavity, never found in elasmobranchian skulls, which lifts the cranial

floor away from the base-line. In front of the myodome, at the orbit, the crajiium is laterally

compressed as it is in the Teleostei. Beyond this the sphenoidal cavity is continued forward
dorsally to a short distance anterior to the orbit. The two olfactory passages open from its

anterior end, separated by a relatively thick cartilaginous partition. There are no olfactory

capsules, in the elasmobranch sense ; the passages open into comparatively small pits situated

on either side of the base of a solid short rostral anterior end of the cranimn. Behind the base
of this rostrum and in front of the orbit, the cartilaginous axis of the cranium is laterally expanded,
and the olfactory pits lie on the upper surface of this expansion near its anterior edge. There
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is here another point of difference from the elasmobranchian condition. In those skulls, excepting
the Holocephali and Chondrostei, the nasal capsules are formed by relatively thin expansions of
the anterior end of the cranium which form well nigh complete roof, and medial and lateral walls.

Fig. 59.—-Imiff (from Gregory, 1933).

D

Fig. 60.—Primitive fish skulls.
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floor and anterior wall being but poorly developed. Here we have a massive continuation of Qie

cranial axis which provides a very complete floor and leaves all the other boundaries incomplete.

Of otic bones, three only have been recognized in the past ; that which Allis designates the

petrosal is, without doubt, the prootic ; opisthotie and epiotic are also present. The number,

size, shape, and relations of the other endochondral bones can be gathered from the figures.

In addition to the tisual dorsal roofing bones, Amio> possesses ( 1 ) a pair of scutes covering

the epiotic, which have been named tabulars " and extrascapulars "
; (2) a pair of post

temporal " scutes behind these and a relatively large pair of scutes between the post-frontals and
the tabulars and lateral to the parietals—these have been designated squamosals by most writers

in the past ; Gregory terms them " pterotis " bones. This identification may be provisionally

accepted.

The maxillo-palatine arch contains the usual number of bones found hi the Teleostei, maxilla,

palatine, ectopalatine, metapterygoid, symplectic, hyomandibular and quadrate.

There are three pairs of ossifications related to the anterior end of the ethmoid t;a] tilage.

One of these is a pair of small bones definitely developed on the cai'tilage on either side of the

base of the short rostrum. These, Allis terms septomaxillaries. It is extremely doubtful whether

they are really homologous with the similarly-named bone in the Amphibian skull, and the

question appears not to be subject to satisfactory proof either for or against the identification.

The second pair is developed on the under side of the cartilage ; they suture with the anterior

end of the synpterygoid on either side of the mid-line and project slightly beyond the cartilage

in the adult. Comparison with the prevomer in any or all lower Tetrapoda reveals no feature

wherein they differ to an extent which would indicate tliat they ai-o not homologous.

The tliiid pair is developed on the upper surface of the cartilage, extending back behind the

olfactory pit but having a deficiency over the pit. This pair also project forward, extending

beyond the prevoraers and also being broader than them. Like those bones they bear teeth.

These are the premaxillae.

Hoth these paii-s of bones might appear to be claimants foi' recognition as the honiologue

of the premaxillae of the higher vertebrata.

To my mind the evidence against the claim for the first pair is strong in the pfeseace of the

second.

Those which we have identified as the prevomers are de\'eloped below the cartilaginous

solum nasi and they suture with the anterior end of the synpterygoid (parasphenoid), just as do
the prevoraers in the Tetrapods.

The other pair lie in essentially the position of the premaxillary bones of the Tetrapods,

that is, above and in front of the ethmoid cartilage, the portion above being the ascending process.

The relation of the ascending process to the nasal bone and the nasal organ is fairly well majji-

tained. Among higher vertebrata the premaxilla may develop either a processus praenasalis

or a process extranasalis, the one being medial, the other lateral to the external nares, and both

being ascending processes. These processes, howevei-, are never covered by the nasal boues ;

they are in the same plane as them and make sutural contact with their edges, and are placed

Fig. 61.

—

Amia (modified from Sagemehl.)
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anterior to or above the nasal organ. The two processes are present in Ainia, but have not

contributed to the side wall of the nasal organ.

I would particularly draw attention to the fact that in this, as in all other similar comparLsona

throughout the work, I have invoked the characteristics of whole classes in evidence, and in no
case do I base any conclusion on the evidence of the anatomy of a single animal or fish.

The maxillary labials are not supported by a process of the premaxilla as in the Teleostei,

but arc " pegged in " as it were between the premaxillary and the prevomer. The pit into

which its httle peg fits is placed immediately behind the tooth-bearing area of the premaxilla

and above the antero-lateral corner of the prevomer.

Lepidosteus.

The chondrocraniimi of this (ish is, in the adult, very difficult to harmonize with that of other

bony fishes. A reference to its form in early developmental stages, however, discloses close

similarity to the chondrocrania of more normal adult types at similar developmental stages.

From such comparison one learns that the striking peculiarities of the adult form must all be

regarded as late ontogenetic and not phylogenetic features. In other words, this is an individual

specialization, comparable to many that might be cited amongst the modern Teleosts.

Fig. Q2.—Amia {niter Allis, 1897).

The pecuHarities of the bony skull are more apparent than real. Tiie so-called basipterygoid

process is not, in the reptilian sense, a basipterygoid process at all. It is a process of the para-

sphenoid and prootic bones and is closely, if not absolutely, paralleled in certain of the more

primitive of the Teleostei, e.g. Heterotis, Osteoglossum and Arapaina (Ridewood, 1904).

The maxiUo-palatine arch is fundamentally similar to that of Amia, but with the individual

bones altered in length by the elongation of the skull in front of the cavum cranii. The relation

of the bones in the suspensorium, one to another, is quite typical. Tate Regan (1923) follows

W. K. Parker (1882) in identifying the quite normal preoperculum as the interoperculum. This

error was coirected by Goodrich (1909).

It is possibly only a coincidence that the three fishes quoted above as having a pseudo-

basipterygoid process also resemble Lepidosteus in the absence of an ectopalatine.

The premaxilla is apparently devoid of ascending processes, but this also is only a matter of

appearance. The reduced ascending processes lie behind the nasal capsules. It differs from the
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ascending process of the pi-emaxilla of Arnia in that the median process stops short of the anterior

aptnture of the olfactory canal, but the lateral arm ascends to meet the nasal. The raaxUIary

labial differs from all the other bones of this region in that» in place of being elongated to produce
a single more or less splint-Uke bone, it has been fragmented in the process of extension. It l:^

also different from the bone in Amia and the Teleosts generally, in that it is closely applied to the

lateral edge of the maxilla.

There is no question that the composite bone is homologous with the single maxillary labial

ill the fishes generally, so that the condition is particularly interesting as providing one of the

stages connecting the conditions presented in many of the Crossopterygians with those so familiar

in the modern Teleosts.

The roof pattern is essentially the same as that of Amia. Gregory has recently identified the
nasals as the ascending processes of the premaxilla. This identification leads him into the further

error of identifying a little pair of dermal scales, which lie in front of the nasal capsules and between
the two apertures of each, as the nasals. A small pair lying behind and lateral to these he
designates adnasals, and suggests that they may be antorbitals. In this situation they differ

markedly from the nasal and adnasal of Amia, which are said to correspond with the antorbital

of palaeoniscids, which last also lies behind the nasal capsule. Inasmuch as that the nasal

bone throughout the whole of the rest of the vertebrata lies above and behind the premaxilla,

between it and the frontal behind it, the identification of the little scute at the anterior end of the
snout of Lepidosteiis as the nasal is surely at fault.

Gregory suggests that the tiny little dermal scale which lies between the anterior pair of
pronasal scales is the mesethmoid of the Teleosts. Since it lies in front of the premaxilla and the
ethmoid lies behind those bones, this suggestion is quite unacceptable.

The frontal does not, as in Ainia, overhang the boundary of the orbit. There intervenes a
series of periocular scutes which are continued right round the orbit. Behind these, and com-
pletely covering the pterygoideus and quadratomandibularis muscles and filling all the area
between the orbital scutes in front, the preoperculum behind, the frontal and pterotie above and
t he lower arm of the preoperculum below, there is an area of irregular, small dermal scutes.

The periocular scutes ai-e regarded by Gregory as evidence that Lepidosteus stands close to
the Semionotids. and he says of Amia, that it probably stands much nearer to the base of the
Teleosts than it does to Lepidosteus. The general implication of his remarks on Amia is to the
effect that it stands nearer to the Teleosts than, in the past, has been admitted. Herein I am
in agi-oement with him, but I cannot agree that the above features indicate that Lepidostetts
JK tiot closely related to it and that they are not rightly placed together.

Amia certainly lacks the dorsal periocular scutes, but it has the same number of poist-orbitals,

three, certainly much enlarged, the same number of infra-orbitals, two, and only one additional
infra-preorbital. There is here no character on which to separate the two forms. The third post-
orbital is attached to the dorsal edge of the maxillary labial and is termed *' jugal " by AUis.

Gregory also quotes the forward inclination of the suspensorium as a character of importance
indicating seraionotid relationship in Lepidosteus. This forward inclination is far in excess of
anything found iu the group he refers to and is, perhaps, not of importance, the intermediate
.Htages in forward inclination being readily obtainable amongst modem Teleosts.

The pseudobasipterygoid articulation of the metapterygoid is, on the other hand, a very
striking feature. If it be also a phylogenetically important featiu-e, then it will be necessary to
transport Lepidosteus on this account alone, and it will be necessary to consider the claims of
several of the forms allocated to the Osteoglossoidea and Mormyroidea to close relationship with
Lepidosteus. They have not only this feature in conunon, but also they lack the ectopalatine as
an independent ossification, and have the median edge of the maxillo-palatine arch firmly sutured
to the parasphenoid.

It may also be noted that Lepidosteus possesses a very complete primordial chondrocram'um,
the walls between the caviun cranii and the nasal capsules being especially well de\ eloped, almost
completely enclosing the sphenoidal cavity. In this respect, again, there is a resemblance tq
Utpnruirchus, the only member of the above two groups whose development has been woi-ked
out, so far as I can ascertain.

The adult chondrocranium of Amia so closely resembles that of Salmo that it is probable
that its primordial chondrocranium was similarly fenestrated.
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Polypterus.

(Figs. 63, 64, 65.)

The ehondiocranima of the aduJt Polypterus displays a closer approach to the condition of
the primordial chondroci-anium of the modern Teleosts than does that of Lepidosteiis. That
this is not a late modification is clearly indicated in the larval stages. In these early stages the
nasal capsule is connected to the cavum cranii by simple cartilaginous rods, trabeculae cranii and
supraorbital bars (Budgett, 1907, p. 160). In the adult no trace remains of the trabeculae, and
only the anterior portion of the supraorbital bars is found. In the otic and ethmonasal regions
complete cartilaginous girdles are present. The former includes the otic capsule, the major portion
of which persista in cartilage, the latter lodges the olfactory canals.

Fig. QZ.—Polypterus.

Fig. M.—PolypteTus (after Gregory, 1933).

This persistence of the wide fenestration of the splienethmoid region, so characteristic of the
primordial chondrocranium, not only of the bony fishes but also of the Tetrapoda generally,

might be interpreted as indicating a closer relationship to those forms than to Lepidoatev^ and
other forms in which the fenestration is not so marked.

Such a view, however, would overlook the fact that this wide fenestration of the primordial
chondrocranium is an early and fundamental condition of every chondrocranium.*

• The work of Piatt, Stone, Landacre, and de Beer, demonstrating that the trabecular derivatives of the cranium
are of ectodermal origin, whilst the parachordal are of mesodermal origin, completely explains the why, and largely
the how, of this fenestration.

It follows that the complete chondrocranium of the Elasmobranchs, or wherever else found, is to be regarded, not
as the persistence of a primitive early embryonic condition, but as the persistence of a late embryonic and adult
condition.

In short, the complete is a specialized development from the fenestrated chondrocranium, is characteristic of the
Blafimobranchs, and is probably an inherited character from some ancestor common to all those fishes which possess
the feature.

It is realized fully that tliis is an almost fundamental change in our view, which has regarded the complete as the
primitive chondrocranium, but it seems to follow necessarily from tlxe facts recorded in the worlis quoted

It should, perhaps, be pointed out that we may not conclude from the failure to develop a complete chondrocranium
in any of its stages of development, that the fish or animal being studied did not come of ancestral stock common
to itself and the Elasraobranchii. The most that one is justified in concluding is that, if from elasmobranchian stock,
the characteristic chondrocraniaJ stage of that ancestral stock has been dropped from the ontogeny of the example.

The different origin of the two regions of the chondrocranium predetermines fenestration in the sphenethmoid
region, so that no matter how accelerated the cranio-visceral development may be, this fundamental stage must
appear if any primordial chondrocranial elements at all are developed. On the other hand, since the relatively complete
chondrocranium is not primitive and fundamental, but a characteristic of the elaamobranchiau stock, it gains in value
as a phylogenetic feature.

Professor Gregory, whose view is largely limited by the twin hedges of the bone-paved lane the palaeontologist is

constrained to travel, says (1933, p. 123), " I fail to see in the embryo Sturgeon any specially elasmobranchian charactei-s

not shown in other fish embryos . . . ", Surely the early development of a very complete chondrocranium cannot
be interpreted in any other way than as indicating a close alliance with the Elasmobranchii.
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The osseus palate and siispensorimii are eKsentiaily similar to that of Amia. The preraaxilla

iH a Joiiger and narrow bone than m that fish and only meets its fellow along a short edge anteriorly.

The wide expansion of the synpterygoid at its anterior end occupies the situation of the palatine

lamina of these bones in Amia. The premaxillary bone is very similar to that of Lepidosteujt.

The median arm of the ascending process, present in Amia, is missing in this, as in Lepidoateus

.

The lateral arm is larger than in either of the other fish, and is sutured to the laciirymal (the only

infra-preorbital scute present) along its inferior edge, and to the lateral edge of the nasal along

its superior margin. The maxillary labial extends back beneath the orbit as in Amia and the

Teleosts generally. Here, however, it has insinuated itself between the post-orbital scutes, so

that the third lies below it, and the two upper scutes above it are jnuch reduced. Not only Is

this so, but it sutures, between the scutes, with the anterior edge of the " cheek plate a bone
which has taken the place of the shield of small irregular scutes which cover the muscles of

mastication behind the post-orbitals in Lepidosieiis,

J'ig. Cih.—Polypiefus (from JCesteven, 1926fr, from Allk).

The resembla nce which this labial bone in Amia and Polypteruft bears to the maxillary arcade
of the Tetrapods is truly extraordinaiy, so that the long-standing error in their identification was
only natural in the absence of erabryological evidence.

It must, howe\-er, be remembered that (like the labial bones of Lepidosteus, Amia and the

Teleosts generally, with which they are imdoubtedly homologous) they are developed quite

independently of the palato-quadrate or the inorizontal lamina of the ethmoid region of the

chondrocranium

.

The wide subotic processes of the synpterygoid present a superficial resembUnce to the ba-si-

pterygoid processes of the Tetrapoda and a real resemblance to the condition in Lepidostetts.

Though the synpterygoid here makes contact with the metapterygoid and the palatine, there is

neither sutural union, as in the Mormyroidea and their congeners and Opkiocephalua, nor au
articulation as in Lepidosteus.

If, for the moment, we omit from the comparison the series of spiracular ossicles, the roof

pattern oiPolypierus differs from that of Amia in the following minor details only. The adnasais
are situated in front of the nasals in place of beside them, and each tabular has been divided

nearly in halves.

'J'he spii'acular ossicles, which are without close parallel in any of the known recent oi' fossil

lishes, and the division of the tabular give to this roof a primitive appearance decidedly suggestive

of close alliance with the crossopterygian fishes rather than with the actinopterygian. This
resemblance is heightened by the presence of the large cheek plate and the two gular plates,

and is still further increased by the sutural union of the maxillary labial with the infra-post-

orbital dermal bone, the cheek plate.

LTnfortunately our knowledge of the fossil Crossopterygii is largely confined to the exterjial

featm-es of the skulls, and these are so exceedingly variable that it would appear that every new
form described provides another pattern in the number and arrangement of the dermal scutes.

Amongst this maze of dermal scutes and varying relation with the labial bones it has proven
difTficult to Hcize on anything of demonstrably valuable phylogenetic significance.

In only a very few ijtistances have we any thoroughly reliable information aw to the structm-e

of the palate and the bones of the cavum cranii, and the relation of the latter to the former.

If the moat recent interpretations of these few examples are correct and truly representative

of the Crossopterygian fishes as a whole, then very assuredly Polyptcriift is infinitely more closely

related to the Actinopterygii than to them. Compare in tliis respect especially the recent inter-

pretation of the palate of Enftthempteron by Watson and by Bryant.
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Quite apart, however, from the resemblance, fancied or otherwise, to the crossopterygiaii
fossils, the essential similarity of the cranial structures of Polypterus to those of Amm and
Lepidosteus muni surely be accepted as indicating a closer relationship between the three forms
than has been admitted in the past.

Appendix A.

THE ELEMENTS OF THE LOWER JAW IN THE BONY FISHES.*

The lower jaw of Scomber, as figured by AUis (Fig. 66), may be accepted as representing
quite typically the normal for the Teleoatei. There is a good deal of variation in the relative

size of the two larger components, though in the great majority of instances the dentary is the

Fig. m—Polypterus (after AUis, 1922).

* I have examined the branchial skeleton of a number of fishes, both elasmobranchian and bony, and have been
unable to seize upon any features of general morphological interest ; they are therefore not reviewed in this work.
I would not be understood to assert that these structures are not capable of yielding evidence of general interest, but
simply that I have failed to find such evidence. Wliether that failure is due to want of interest or fuller knowledge
or is really not available I leave the future to decide.
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larger. It is common for the dentary to he extended back along the inner Hide of the articular

so as to convert the sulcus along which Meckers cartilage Ues into a canal. This, in the section

dealing with the muscles, has been termed Meckel's canal and the posterior opening has been

termed Meckel's fossa. The fossa is more or less completely closed, in the flesh, by the tendinous

insertions of the pterygoideus and quadrato-mandibularis muscles. When, as in Scomber^

the canal is widely open for the greater part of its length, it is usually filled by the quadrato-

mandibularis inferior. The coronoid. or ascending protiess of the lower jaw, may be formed by

the articular or by the dentary, or by both.

It is of particular interest that all the more primiti\'e fishes have a more complex ossification

of the lower jaw than have the Teleostei.

Amia and Polypt&m.s (Figs. 67, 08).—My drawings are reproduced from the work of Allis.

It is believed that these are sufficiently explanatory to need no further conunent. The lower jaw

of Lepido8teU8 is essentially similar to that of Amia. The bone which Parker (1882, p. 479)

terms the coronary is that which Allis identifies as the largest piece of the splenial.

The complex structure of the lower jaw of Evsthenopteron was described by Bryant (1919),

I reproduce his illustrations. Here again further eomnumt appears imcalled for (Fig. 09a, b).

Spl. ar.t

.

Fig. Q9.—Bmthenoptrrov (at'tt-r Bryant, I9iO).

Appendix B.

THE TEETH OF THE FISHES.

It is not proposed in this section to describe any of the very many forms of teeth and their

various relations to the bones of the palate, upper and lower jaws, and labial bones. Their

variety is so extensive that it were a lengthy work to review even the commonest of them.

The palaeontologist, perhaps to some extent obsessed by the importance of tooth form in

the higher vertebrates, has in several instances sought to support arguments as to the phylotic

relations of the lower vertebrata, one to another and to the higher vertebrata by citation of

similarities in tooth form and relation to the bone.

It were a foolishness to deny the importance of the form of the teeth in the determination

of phylogenetic questions as between the members of the liigher Tetrapoda, but it is quite certain

that these characters become successively less reliable as we descend the scale, and he were »

brave man who would attempt to determine the relation of the Crossopterygii to the Tetrapoda

or the Dipnoi to the Amphibia on the form of the teeth, their mode of implantation on the bone

or cartilage, or their presence or absence on specified bones.

On such evidence as this we should divorce some of the larval siluroids from the adult, the

one has sharp spiny teeth lightly set in cup-like depressions, the other short blimt grinding teeth

deeply set in sockets. Some of the i-ecent Acanthopterygii have sharp tearing teeth along the

outer edge of the labial and dentary bones and grinding plates on the maxilla. The majority of

these fish have the teeth set in sockets of varying depth. In the great majority the socket is

cup-like, and the teeth are shed and replaced, but in some it is of such depth that there is little

room for doubt that the tooth is never shed, but grows continuously through the life of the fish.

In the Plectognathi the teeth are developed quite superficially on the outer surface of the labial

bones, a method of development entirely different from that of the Teleostei generally.

As an instance of wide variation in dental chai acters in closely aUied fishes one may quote

the members of the Blennioidei (Gregory, 1933, pp. 374-37).

Finally, the extreme variability of dental characters among closely allied fish may be

illustrated by citation of the many forms of teeth present in the different batoid Selachians, and

of the variety of teeth which gave their name to the " heterodont Selachiatis.
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THE HOMOLOGIES OF CERTAIN OF THE BONES IN THE SKULL
OF THE BONY FISHES.

In the foi cgoiiiE pages a uomonclature for the bonos in the j^aUite and for some of those in tJie

skull has been employed which is quite at variance with the commonly accepted nomenclature

and its implied interpretation of the homologies of the bones concerned. This nomenclature is

the outcome of studios whose results T liave published in various papers dui-ing the last twenty

odd years. Tliere follows here a review of the facts of development, and adult anatomy, both of

the recent and fossil fonns, which, in my opinion, support the conclusions I have arrived at.

Thk Evolution of the Sitperior Maxillary Bones.

'l^lie key to the understanding of the evolution of the two superior maxillary bones is to be

found amongst the EIa.smobranchii. The Plagiostomes probably present the primitive condition.

In these fish tlie mouth is formed dii'ectly around the epi- and cerato-mandibular cartilages,

the quadrato-mandibular and Meckel's cartilage. The vestigial, extra-, pharyngo- and hj'po-

mandibular caii/ilages simply lie amongst the tissues of the cheek and take no part in the formation

of the mouth (Figs. 30, 34).

The Chondrostei present a further stage, the end stage along this line of evolution. In them,

it will be remembered, the labial cartilages have been lost entirely.

It is a peculiar fact, however, that, although not ancestral to either the Crossopterygiaiis

or the Tetrapods, the Acipenserids have developed a true maxilla upon the quadrato-mandibular

areh. This bone has always been designated " maxilla but there can be no doubt that it is

not homologous with the maxilla of the modern bony fishes.

The inception of the maxilla and premaxilla of these latter is to be seen in the Holocephali.

Here wo see the labial cartilages impressed into the formation of an added fore part of the mouth,

tn front of the jaws. This added portion is, of course, the mobile upper hp. prehensile in these

cartilaginous fishes as in the Teleostei. It is of particular interest to observe that the movements

of this Up are brought about by specially modified portions of the supei ficial, tempore.masseteric,

division of the masticatory muscles (Fig. 20).

Turning next to the Teleostei, it is found that the labial cartilages ha\ e but a transient

embryonic independence, and early become incorporated into the premaxillae and maxillae which

are otherwise largely developed as membrane bones (Norman, 1926). Again we observe that

these labial bones are moved by specially modifiied portions of the temporo-masseteric muscle

(Figs. 27, 28, 29).

Apparently these labial bones wei-c developed in the ancestors of the Amphibians, for we.

undoubtedly, are able to observe their eliiTiination from the armamentarium of the Anura during

the later stages of the metamorphosis of the tadpole. The labial cartilages ai*e present, armed

with teeth, working against the Meckelian lower jaw and activated by the same portion of the

temporo-masseterie group of muscles in the fully developed tadpoles of all Anura (Figs. 75, 76).

During the late stages of the metamorphosis the cartilages are absorbed, and tlieir muscle gains

a new hisertion into the lower jaw.

This, apparently, is the history of the evolution and abolition of the labial bones which have,

in the past, been regarded as the maxillae and premaxillae of the Teleostei.

We tm-n next to the evolution of the true superior maxillary bones.

The discovery of Lalimeria, a more primitive crossopterygian than Pohfptenn^, provides tlie

earliest stage in the evolution of these bones amongst the living vertebrates. Here we find that

there are two aggregations of tooth-bearing ossicles related to the anterioi- end of the palato-

quadrate arch anteriorly.

In Polypterus (Fig. 63) and early, Triassic, crossopterygiaiis such as EustMnopteron^ and

Osteolepis these aggregations have taken on the form of the tetrapod maxilla and premaxilla.

Amia^ Polypterus, and some of the Actinopterygiaus present a combination of the two forms

of jaw-bones, ajid it is just the existence of these intermediate forms which has been responsible

for the past mismidez-standing of the bones. These fish have retained the labial maxilla and ha\'e

anchored its anterior end between the true premaxilla in front and dermal bones behind it

(Fig. 61). The extraordinary resemblance of the resulting combination to both the labial type

of jaw on the one hand and the true jaw on the other lias been the cause of the misunderstaadiug.
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Up to this point the embi-yological evidence has not been stressed because it whh folt that th«

question was one which was likely to interest the palaeontologir^ts, and that, therefore, tJie ease

for this interpretation of the bones shoultl t>e pi-esented. as far as possible, on the e\'idenoe of

adult form, for that, unavoidably and very naturally, is the form of evidence which

our palaeontological coUeagiies best understand. There is, however, no little embryological

evidence in favour of the above interpretation.

Basically, there can be no doubt that the manner of development of bones is not a haphazard

process, hut is one which has been inherited in perfectly orderly fashion along with other features

and functions. Therefore, if we can show that the labial bones develop in a manner and in a

location quite different from that of the jaw bones of the Tetrapods, this must be accepted as

evidence that the bones are Jiot homologous.

There is little reason to doubt that the pair of upper labial cartilages so commonly present

in the Teleostei are completely homologous with those of the Selachii.

Now it has been demonstrated that the premaxiila of the Teleostei develops in relation to

the anterior of these cartilages, but that the bone dev'elops largely as a membrane bone

(Swinnerton, 1902; Gaupp, 1906, Norman, 192G). The cartilage itself is designated pre-

maxillary " by de Beer (1937). The posterior cartilage was designated the " maxillary " cartilage

by Sagomehl when he found that the maxilla was developed in relation to it (Sagemehl, 1885,

1891).

In the Ganoid fishes these cartilages ha\ e not been detected, and it might, therefore, appear

that here is evidence that the bone which has been identified as the maxilla cannot be the

homologue of the maxilla of the Teleostei. This does not foUow because, in quite a

number of the modem Teleosts, neither of the labial cartilages appears to have been developed,

yet there can be no question as to the homology of the labial bones in all of them.

Perhaps a moment's consideration of the phenomena of the early differentiation of the

osteogenetic tissue will help to clear the position.

Dantschakoff (1909) demonstrated that osteogenetic tissues were precisely similar, whether

differentiated in relation to cartilage or not. Stump (1925) stated that the evidence of histologj'

very definitely indicated that the cartilage related to developing bone took no part or share in

the actual bone formation, that it was simply replaced by the bone. Its only function was to

provide a model, as it were, on which the future bone was to be fonned. Kesteven, from an

extensive survey of the process of ossification of the Sam-ian basis craiiii (1940) and more

particularly from a survey of the ossification of the Avian chondrocranium (1941) arrived at the

same conclusion.

It appears thai when once the site of the differentiation of osteogenetic tissue has been

determined, this ontogenetic habit at once becomes more or less fixed.

We may, however, go further. In view of the fact that the cartilage takes no part in the

fonnation of the bone which develops in relation to it, it is quite reasonable to believe that, once

the site of the differentiation of the osteogenetic tissue has been determined, the loss of the

cartilage to which it was originally related need not have caused any appreciable change in the

development and form of the bone itself. Amongst the fishes themselves the fact that, even

in the presence of the cartilage, the hones are developed largely as membrane bones, ia evidence

of a certain established degree of mdependence of the cartilage in the osteogenesis ; so that the

development of the bones in the absence of the cartilage is quite understandable.

What appears to be another illustration of the same thing is the regular development of the

supraoccipital bone, whether a precursory tectimi synoticum was developed or not.

It follows fi'om what lias gone before that there is complet/O justification for accepting as

homologous the maxillae of Ganoids such as Polypterus and Amia, and those of the generality of

the Teleostei.

It would seem, also, to follow that the premaxillae in these Ganoids were homologous with

those of the Teleostei, differing only in that they are developed in the absence of the cartilage.

Undeniably this line of reasoning is open to us, but it is believed that other evidence is stronger

and leads to its rejection. But, before proceeding to that other evidence, it is as well to follow

the above line of reasoning to its logical conclusion.

If it be assumed that the maxillae and premaxillae of such forms as Amia and PolyptertiH

are homologous with the labial bones of the Teleostei, it will be assumed that the process of their

evolution has been as follows. The labial cartilages have been lost and the labial bones formed

entirely in membrane. The premaxillae have then come to acquire a new relation to the anterior
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end of the ethmoidal cartilage and the maxilla-e to the lateral margin thereof. Finally, in this

new situation, they have attained to the position of the tetrapod bones of the same name.
Thougla, apparently, tliis line of i-easoning has not, heretofore, been clearly stated, it is, in

fact, the line of reasoning which underlies the commonly accept-ed homologization of the bones in

c|nestion. The only alternative is an assumption that the labial bones of the Teleostei have been
evolved in the dh-eetly contrary way, by some process of liberation from the true arch of the jaw,
and for this assumption there is not one scintilla of evidence.

The above statement of the argument in support of the accepted interpretation of the bones
is entirely reasonable and tempting, but it is open to weighty objections.

The most important of these is the history of the ontogeny of the maxilla and premaxilla
in the Ajiura. There is no room for doubt that these bones in the Anura are completely
homologous with those of the rest of the Tetrapoda.

The condition in the early tadpole is myologically almost as primitive as tiiat of the Holo-
t-ephali. There are present, in front of the ethmoid cartilage, two superioi- labial cartilages hinged
to one another and to the ethmoid cartilage essentially similarly to the labial bones in the Teleostei.

l%ese two cartilages constitute, and function as, a prehensile, biting uppei- jaw. They are
activated by a completely separate portion of the temporo-masseteric masticatory musculature,
just as are the labial cartilages in the living Holocephali but, in these last, it is a part of the
pterygoid muscle which acts upon the labial cartilages. Diu-uig metamorphosis, for a fleeting

period, the myological conditions reproduce with complete faithfulness those of the Teleostei.

The retractor labii superioris gains a new insertion into the lower jaw. This is the condition foimd
in every one of the fishes which possesses the mobile labial bones. The superficial portion of the
temporo-masseteric muscle is inserted into the lower jaw at the coronary pi'ocess and has also a
strong tendinous insertion onto the maxilla, acting as a retractor labiL superioris. Following
this stage, the superior labial cartilages are completely absorbed, the muscle retains only its

insertion into the lower jaw, and the maxilla and premaxilla are developed, as in all othei-

Tetrapoda, in close relation to the ethmoidal cartilage and/or its processes, and the anterior
attachment of the palato-quadrate.

There appears to be only one interpretation of this history. It is that the superior labial

cartilages and their muscles have been inherited directly from some piscine ancestor. The
cartilages are, therefore, almost without doubt, completely homologous with those of the fishes.

If tliis be the fact, then it is out of accord, in important respects, with the history of the evolution
of the tetrapod maxilla and premaxilla, as outlined above, in conformity with the generally

accepted interpretation of the bones.

In the Anura, not only is there no trace whatsoever of bone development in relation to the
cartilages (which, had it been there, might later become related to the etlmioid cartilage), but
actually the osteogenetic stroma of the future maxillae and premaxillae is clearly recognizable
in close association with the ethmoidal cartilage, whilst yet the labial cartilages are functioning
as the jaws.

Since the cartilages are homologous with those of the fishes, they mast also be homologous
with the bones which are developed in relation to them.

Here, it seems, is the complete evidence that in the Anura, at least, the maxillae and pre-

maxillae are not homologous with the bones so named in the Teleostei.

It is doubtful if anyone will deny the homology of the Anuran bones with those of the re*it

of the Tetrapoda. It follows, unavoidably, that the maxillae and premaxillae of the Tetrapods
are not homologous with the bones so named in the Teleostei.

It is probable that the premaxillae of Ganoids such as Amia and Polypterus have been
developed in the same manner as in the Tetrapods, from a begimiing such as is seen in Latimeria,
and the form of the lip folds in Latimeria suggests that some trace, perhaps in cartilage only, will

I>e found of the labial skeleton, when more and better preserved material is examined.

Turning again to the Teleostei, there is i-elated to the anterior end of tlie ethmoid cartilage

a bone which has been termed the vomer. Although, apparently, this designation has never
been challenged, it has for many years now been xised merely as a convenience. In our almost
imiversal acceptance of Sutton's interpretation of the origin of the vomer, we have all tacitly

admitted that this piscine vomei- could not have been homologous with the bone so named in all

other vertebrates. W'estoll and Parrington (1940) have recently advanced very strong evidence
that we have all been in eixor in our acceptance of Sutton's equation, and Kesteven's (1941)
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demonstration that the so-called rostruni basisphenoidei of the Saurians is a presphenoidal

oHsification and not parasphenoidal, is strong confirmation of their conclusions.

It will, probably, be agreed timi if there were no fxibial bones in front of this " vomer " in tJm

fishes^ it would be identified unhesitatingly as the pretnaxilla, and there would not be one single feature

in it3 development and adult location ont of congruence with such an identification.

This *' vomer" has, in recent years, been designated " prevomer " by some writers, but

this is an unsatisfactory identification. The prevomers of the Tetrapoda are situated fm-ther

back, and never extend onto the dorsum of the ethmoid cartilage as this bone so commonly does.

Having taken cognizance of this bone, and recognizing that it is alwayn present in the osseous

cranium of the fishes, we have now to add another clause to the line of reasoning which equates

the labial bones of the fishes with the maxillary bones of the Tetrapoda. This new clause runs

as follows : As the promaxillary labial bone came to gain its new relation to the anterior end of

the ethmoid cartilage, it displaced backwards the bone which previously occupied its new position.

This clause is necessary in any case, but more so if the '* vomer " of the fishes is to be equated

with prevomer of the Tetrapods.

This is an m\fortunate addition to the argument, for it overloads it. It is hard to understand

why, if the cranimn was already strongly supported by a well-established bone, another should

have taken its place and caused it to migrate backwards.

The weight of the evidence points to the probability that the vomer " of the Teleo.stei is

in reality the tetrapod premaxilla.

The Maxuxa.

It has just been demonstrated that there is every probability that the labial bone which has

l>een regarded as the maxilla in the bony fishes is in reality the homologue of one of the superior

labial cartilages of the Amphibia. It remauis to inquire for, and, if possible to identify, the

maxilla of the Tetrapods in the fishes.

The maxilla in the Amphibia and Reptilia is developed in relation to the lateral and ventral

walls of the nasal capsule and also in relation to a backwardly projecting " posterior maxillaiy

process " (Gaupp, Fig. 383) of the capsule in the reptiles.

Swinnerton, describing the development of the palatine bone in GaMerosteus (1902, p. 54.5),

says :
" The (cartilaginous palatine) process is, relatively, much slenderer than at any previous

stage, and its extremity, owing to continued growth of the maxillary process, is expanded.

Behind this the cartilage is not merely in contact, but in actual continuity with that of the pre-

ethmoid comu. The palatine bone surrounds this point, and extends back almost to the level of

the paretimioid." It is, then, around the anterior end of the palate-quadrate arch that the

palatine, so-called, in the fishes is developed.

The union of the fore end of the palato-quadrate with the ethmoid comu appears to be a
very primitive feature. I have previously noted that " It is of constant occurrence throughout
the Anura, very generally present m larval stages of Urodela, and in those nrodeles in which the

continuity is broken there is, as also in the gymnophiones, evidence that such continuity has been
but recently lost from theontogeny . The anterior structural continuity of the palato-pterygoid and
the ethmoid plate has been recorded in several Teleostei, as a temporary condition in embryonic
life, and among the elasmobranchs it is found in the adult Holoeephali, and it is not improbable
that the anterior articulation of various Selachians will be found to have been preceded by
cartilaginous or procartilaginous continuity, as demonstrated for Acanthias by Sewertzoff (1899).

Among surviving ganoids, Lepidosteus is apparently alone in presenting the continuity here

under review " (Kesteven, 1931a).

In the Anura the fore end of the palato-quadrate cartilage is pinched off and remains as a
posterior maxillary process attached to the postero-lateral comer of the solum nasi. This Ls

apparently quite constant among the anurous amphibians. Parker describes and depicts it

cleaily in Rana (1871), and I have been able to study the development of Lymnodynastes, Hyla.
Crinia and Myxophyes, and find the same thing in all foiir. Gaupp designates the cartilaginous

piece in question, processus maxiUaris anterior and posterior of the planum antorbitale (Handbuch,
p. 735).

There is little reason to doubt that the processus masillaris posterior of the reptilian

ehondrocranimn is completely homologous with that of the amphibian, and this, at times, if not
always, is demonstrably derived from the fore end of the palato-quadrate cartilage.
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Since it is in relation to the two processi raaxillares that the maxilla is developed in the

lower Tetrapod-(, and since these are probably homologous with the fore end of the palato-

quadrate, around whicti the so-called palatine of the fishes is developed, it would appear only

reasonable to conclude that this bone is homologous with the maxilla of the Tetrapod^ and should

be designated isx accord with its homology.

It may be remarked, before leaving this subject, that the position in which this Ijone is

developed is empliatically not one that would justify its identification a.s the palatine, as in the

past.

The PAr.ATO'K.

That which is here identified as the palatine bone in the fishes is the bone that han here-

ttjfore been designated meso- or entopterygoid.

The palatine bone in the Tetrapods is a membrane bone situated rather far back in the

palate. Of this bone in the reptiles, Williston (1925, p. 20) WTOte :
" Primitively forming the

posterior boimdary of the internal nares, articulating with prevomers and pterygoids on their

inner sides, the maxillae on their outer, and with the descending process of the prefrontal above

In the Amphibia there is a relatively wide range of variation in the situation and relation of

the bones which have been desigiaated palatine. In the Anura the bone is constantly a narrow

splint which develops along the infero-posterior and medial concave edge of the posterior maxillary

process, and in the adult is found lying along the anterior margin of the suborbital vacuity as a

bony margin to the postero-lateral edge of the palate. In this situation its development reserableH

closely that of the " mesopterygoid "' of the fishes.

In the Urodela the palatine develops further forward, on the inferior surface of the solum nasi.

In some instances, e.g. Sieboldia maxima and Menopoma alleghaniensi^ (Parker, 1882), it is placed

medial to and in front of the internal nares. in the adnlt of Triton and Awblystoma it is fused

with the prevomers, but in larval stages it is found as a separate ossification, behind the prevomer

and medial to the internal nares, developing in the situation of the inner end of the bone in the

Anura.

In the Coecillians the palatine is placed lateral to and behind the internal nares, has a long

Hutin-e with the maxilla, and may suture with the prevomer both in front of and behind the choanae

(Wiedersheim, 1879). In these Amphibia, as in the reptiles, the hone apparently develops

independently of a cartilaginous basis.

In the emboloraerous Amphibia the palatine lies behind the prevomer between the pterygoid

and the maxilla. Apparently in some forms it supplied the posterior boundary to the choanae,

in others that boundary was suppUed by the prevomer, Pteroplax (Watson, 1912).

In the reptiles the palatine is always a membrane bone, developed without any relation

whatsoever to any chondrocranial structures. As stated by Williston, it commonly, and probably

primitively, bounds the choanae posteriorly, but in some forms, e g. crocodiles, it lies below and

"m front of them.

Although thus completely divorced from any cartilaginous basis, there i.s little reason for

believing that the palatines of the reptiles are not homologous with those of the amphibians.

It must be admitted that, except for the position of the developing bone in the Anura, there

is little in this review of the palatine bone in the reptiles and amphibians to support the identifica-

tion which heads this section. On the other hand, there is nothing in the history of the de\ elop-

ment of the bone in those two tetrapod groups, or in its relation to other bones and skull areas

in the adult, to indicate that the identification is in error.

Since the developmental evidence is not convincingly strong either to prove or disprove the

identification, one is constrained to examine the adult relations of the bone. Though this kind

of evidence is not so convincing as positive embryonic evidence can be, it is the only method

available to the palaeontologist in identifying the bones in the fossils, and it has not often misled

him.

We may define the palatine bone as a component of the palate in its posterior part, developed

either quite independently as a membrane bone or in relation to the fore end of the palato-

quadrate cartilage and/or the posterior margin of the solum nasi, or to the ventral surface of the

solum nasi at varying distances from its posterior margin. In the adult it sutures with the

palatine plate of the maxilla and usually lies nosterior or posterior and lateral to the prevomers

when they are developed. Exceptionally the palatine bones lie ventral to the pre\ omers. Wlten,
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aa in some reptiles and higher vertebrates, the bone extends posteriorly to the nasal chamber, it

may or may not suture with the prefrontal, and in the absence of the prevomers the bones meet

in a common suture along the mid-line and suture with the ventral edge of the vomer.

There is no nasal capsule, in any way comparable with the complex capsule of the amphibians

and reptiles, developed in the fishes, and, probably correlated with that absence of complexity,

there are no prevomers developed in the fishes' skull.

We have, therefore, left us, as landmarks for the identification of the palatine, only the

maxilla and general location in the palate.

These are such that the so-called raesopterygoid is the only bone in the fish palate which can

be considered. When to this, admittedly misatisfactory, evidence we add the meagre support of

the situation of the developing bone in the Anura, it would appear that we must conclude, either

the mesopterygoid is the homologue of the palatine of the Tetrapods or this latter bone is not

present in the palate of the fishes, and the mesopterygoid is without an homologue in the palates

of the higher vertebrata.

The Ectopteeygoid.

This is the bone which has been designated pterygoid and ectopterygoid.

In the original presentation of my ideas on the homology of the several bones of the fishes'

palate, I identified this as the quadrate -jugal of the Tetrapods (Kesteven, 1922, p. 321). Later

(1926, p. 217) I wrote : It is now realized that this identification is incorrect ; its position

medial to the muscles ofmastication is alone sufficient proof that the bone cannot be the quadrato-

jugal/'

A wider experience and more intimate knowledge of the related structures and their develop-

ment gained by the study of much of the material that forms the basis of this work now leaves

me once more undecided on this question.

Were Allis correct in his identification of the maxilla of Lepidosteus as the true homologue of

that of the Tetrapods (Allis, 1900, 1919), then were it easy to satisfy ourselves that the jugal

and quadrato-jugal of the Tetrapods are derived from certain of the cheek plates.

Not having had the opporttmity of studying any stages in the development of Polypterua

I accepted Allis's interpretations, and, as a further result of those uncritical readings, also accepted

(Kesteven, 1931) Gregory's identification of the cheek plates (Gregory, 1915, 1920), one of which
he identified as the jugal.

Since, however, the maxilla oi Polypterus^ and the Chondrostei generally, is not the homologue
of that of the Tetrapods the question is not so easy of solution. The anterior attachment of
these scutes to the labial bone, so-called maxilla, now becomes a reason why we should hesitate

to accept their identification as jugal. On the other hand, the suture with the lacrhymal,

assuming that is correctly identified, in front and with the squamosal, preoperculima, behind,

are relationships which support the identification.

There is another aspect of the question that should not be lost sight of. It would appear
that with the labial bones fimctioning as the upper jaws there is correlated, in the bony fishes, a
narrowing ofthe maxillo-palatine arch behind and between them ; this narrowing is not observable
in any other forms, except as individual specializations. The true preraaxillae and maxillae
have persisted as the lateral and anterior limiting bones of the arch. In the great majority of the
higher vertebrates there has been, on the other hand, a constriction of the arch posteriorly, to

accommodate the muscles of mastication, to obviate their bulging beyond the general contours
of the skull, and to permit of their direct action between fixed and moving points. In the result,

the posterior end of the maxilla projects more or less outside the lateral margin of the muscles.

It is not inconceivable that the so-called ectopterygoid of the fishes retained its anterior

relation to the maxilla and palatine, and came to project backwards laterally to the muscles, just

as the maxilla itself has done. If so, it should be identified as the quadi-ato-jugal.

I know of no evidence which will satisfactorily decide the question between these two
claimants for recognition as the quadrato-jugal, and, inclining to accept Gregory's identification,

and because of that inclination, I have retained the designation ectopterygoid, believing that
the resemblance to the os transversum of the lower Tetrapoda justifies the designation in the
present state of our knowledge.
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THE PHYLOGENY OF THE FISHES.

The two groups of outstanding interest in a phylogenetic review of the fishes are the Holo-

cephaU and the Chondrostei. They are of interest as much, if not more, for the light they throw
on the origin of the Elasmobranchs as for the hght they throw on the evolution of the bony fishes.

Taking the Holocephah first, we may tabulate their elaHmobranch and teleostome features.

Elasmobranchian Characters.

Complete cartilaginous cavum cranii.

Entire absence of ossification of the skull.

The possession of a sphenoidal extension of the cavum cranii.

The possession of a relatively complete cartilaginous nasal capsule.

The form and attachments of the following muscles : epiarcualia obliqui, epibranchial spinal,

coraco-raandibularis, and hypobranchial spinal.

Teleostome Charactertt.

The widely open lateral cranial fenestra displaying much of the structure of the otic labyrinth.

The branchial arches, gathered together beneath the skull and under an " opercular " fold.

The pharyngobranchial cartilages, fused to form a dorsal pharyngeal cartilage essentially

similar to the bone of that name.

There is no spiracle.

The form and attachments of the following mascles : levatores arcuum branchialium, the

levator operculi, the protractor hyoidei, and the sphincter oesophagi.

It is of interest to note that there is also this duality of characteristics in features beyond the

head, the one set indicating close phylogenetic relation to the rest of the Elasmobranchs, the

other indicating relationship with the Teleostorai (Bridge, 1904, p. 467 ; Kesteven, 1933,

pp. 443-474).

Turning next to the Chondrostei, we tabulate their conflicting characteristics in like maimer.

Elcmnobranchian Characters.

Complete cartilaginous cavum cranii.

The form of the suspensorium.

Primitive palato-quadrate upper jaw.

The possession of a typical levator hyomandibularis muscle.

The possession of a branchio-mandibularis muscle.

The form of the protractor hyomandibularis, unquestionably a modified levator maxillae

superioris of typical elasmobranch pattern.

The form of the pterygoideus muscle.

The features of the origin and distribution of the cranial nerves (Norris, 1925).

Teleostome Characters.

The presence of true ossification in membrane related to certain skull areas and visceral

elements.

The widely open lateral cranial fenestra.

The form of the levatores arcuum branchialium nuiscles.

The absence of intrabranchial muscles and the presence of a ventral transverse branchial

muscle, and of three subareualia obliqui.

The peculiar dermal scales, with their basal layer of true bone, which are present as covering

bones for the head and are also present along the side and dorsum of the body of the Sturgeons,

may be regarded as teleostome or elasmobranchian features, according as we stress their superficial

or deep layer.

It will appear later that the Holocephali also present features which are very strongly

suggestive of close phyletic relation to the Dipnoi.

When thus reviewed, at close quarters as it were, the fishes appear to divide themselves into

two great divisions, the Elasmobranchii on the one hand, and the Teleostomi on the other, with

two smaller intermediate groups between their extremes.
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This view of the fishes is, it is submitted, largely caused by the mOTked numerical superiority

of the two extreme groups. Their bulk has dwarfed, and to some extent distorted, the other two.

If, for the moment, we wash from our memory all but a selection of Elaamobranchs and
Teleostomes, numerically no greater than the Holocephali or Chondrost«i, the four groups appear

in different perspective. They now present themselves as four equally important, equally

divergent, groups of fishes. It at once becomes increasingly apparent that each group is mono-
morphic, each is a phyletic entity.

We are now able to stand afar off, on the ancestral side of all four, and to regard them as

independent, separated, groups of descendants from some one common ancestor, realizing that in

the course of their evolution, whilst all have carried forwai'd certain established features in

common, each has acquired new characters peculiar to its own group.

Coming closer to the individual groups again we recognize indubitable elasraobranchian

characters in three of them, and on that account I have, in the past, been inclined to group these

together as being more closely related one to another than to the fourth.

Systematists, generally, have agreed that the Holocephali should be regarded as a section

of the Elasmobranchs, and the Chondrostei &s a section of the Teleostomi. Phylogenetically,

both attitudes are probably incorrect.

I would especially point ovit that up to a certain point it is possible to regard the Holocephali

as boneless teleostomes, and in similar fashion to regard the Chondrostei as bony elasmobranchs.

Again, if we change the perspective once more and, going round them, as it were, view these fish

groups from the " tetrapod " standpoint, that is, look back on them as possible ancestors, we
shall at once find the Holocephali to be a long way the closest to us. at least in many of their

cranial and cephalic musculatural features.

In these particular features they appear as though they had been hastening along the
" amphibian " road whilst still they were elasmobranchs.

To ray mind the overlapping of the distinguishing characteristics of the Elasmobranchs and

of the Teleostomi in the Holocephali and Chondrostei points to the following conclitsions.

The primitive gnathostomo was a very generalized fish, perhaps very similar to Cladoselache.

This fish had already acquired the ability to submerge its primitive skeletogenous ectoderm and

to develop from it the cartilaginous visceral skeleton and the trabecular components of the skull.

This primitive gnathostome would have been provided with a fairly complete cavum cranii,

contributed to largely by the otic capsules. It also, probably, had relatively complete nasal

capsules, and fairly certainly a fenestrated sphenoidal region between the two pairs of capsules.

It was also endowed with the power to build dermal scales and scutes.

This implies that its varying descendants should all have been able to form a bony exo-

skeleton. Some, however, did not do so ; these constituted the Piagiostomi, and it is highly

probable that the recent plagiostomes more nearly resemble this eoimnon ancestor than any of

the other fishes.

Amongst the descendants which retained and improved on the power to form an exoakeleton

the Teleostomi are the most outstanding. They early developed this exoskeleton on the head and

it soon became attached to the cartilaginous skull. They also developed scutes along the edges

of the lips and these became attached to the labial cartilages to form the labial bones. Those

cartilages being to a large extent anchored by their muscular and fibrous attachments were, at

first, also anchored to the dermal scutes of the side of the cheek, and only later gained mobility

as we observe them in the modern Teleostei.

Wliilst sharing with the teleosts the improved ability to form an exoskeleton and later cranial

endoskeleton of membranous origin, the Chondrostei retained more of the original parental

characters and failed to perfect the utilization of the skeleton-forming power.

If, as appears probable, the Holocephali are closely allied to the group from which the

Tetrapods have been derived, it must be assumed that the recent Holocephali are to the parent

stock much as the Polyodontidae are to the Acipenseridae, that is to say, they are degenerate in

that they have lost the power to develop the exoskeleton which preceded the endoskeleton, which

power was possessed by some of the Carboniferous members of the group. It may be that some

such form as Menaspis is really nearer the stem of the Tetrapods than are the rest of the

Holocephali.

Consideration of the geological antiquity of three of the four groups, and of the variety of tlic

selachians in early Mesozoic and late Palaeozoic times, supports the view here taken that the
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details of the ancestry of the fishes are still wrapped in the mysterious depths of the late Palaeozoic

rocks.

One alone of the four groups is so recent as to make its first appearance in later Mesozoic

times, the Chondrostei.

From what little we know of them, it is probable that Pleuropterygii present the nearest

approach to the primitive gnathostome at present available to us and, it may be remarked, it was
undoubtedly an Elasmobranch. It further appears probable that not only the four recent

groups, but also the Acanthodei and the Ichthytomi, should be regarded as illustrating different

lines of variation among the descendants.
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It is not improbable that, with increased knowledge of the Acanthodei, we shall find them to

lie in the direct ancestry of the Chondroatei.

Watson (1925, p. 831), after offering a new reconstruction of Chondrosteus, wrote :
" Thus

such new information as I can add only emphasizes that resemblance between Chondrosteus and

the Palaeoniscids which Traquair long ago pointed out, and shows how untenable is the \n.ew of

Bridge, adopted by Swertzoff, that the Acipenseroides are the most primitive of the bony fishes

and owe many of their pecuUarities to a persistence of Elasmobranch structures." Even if

Watsoi?'s beUef that the post-orbital and maxilla in Chondrosteus " were immovably connected

together " should prove correct, the most this would justify us in concluding would be that

Chondrosteus is probably not an acipenserid. Clearly Watson is in error in concluding tliat

evidence which indicates that Ghoruirosteus is dissimilar to the acipenserids is to be regarded as

having any bearing on the origin of the latter forms.

Of the several groups, the Acanthodei, Chondrostei, Teleostorai, and probably the earlier

Holocephali, all possessed pericranial ossifications and dermal scales and scutes, and there is in the

arrangement of these ossifications a basic pattern which is reproduced in every group, or in forms

which may be regarded as probably descended from the group.

The whole of the fishes and the amphibians possess in common a large synpterygoid covering,

the basis cranii, excepting only Eusth&nopteron and the embolomerous amphibians. Further,

thi'oughout the whole of these two classes we find the same pattern in the covering bones on the

dorsum of the skull, namely, paired parietals, frontais, nasals, and premaxillae. This pattern,

though departed from in individual instances, is so constant in occurrence as to indicate assuredly

that it must be regarded as a common- inheritance (Goodrich, 1930, pp. 285 et seq.).

These last considerations might be mterpreted as indicating for the bone-forming fishes an

ancestry different from that of the Plagiostomi, but it is impossible to disregard the undoubted

elasmobranch characters of the Chondrostei and Acanthodei, or the teleostean and amphibian

characters of the Holocephali.

The explanation of the conflicting evidence appears to be that all evolved from a common
ancestral stock which possessed in varying degrees the inherited potential to develop bones and

to develop them in accord with an already established basic plan.

I have attempted to convey these ideas on the evolution of the fishes in diagrammatic

form.

It may be remarked that the above diagrammatic presentation (Diagram II) differs from

that of 1931, wherein I represented the Dipnoi and Crossopterygii as being derived from a common
stock which itself had been evolved from a preceding Ganoid Stock \

This changed attitude appears to me called for by the structure of the Holocephali, or by so

much of the cephalic anatomy of these fishes as Indicates a tendency towards the evolution of

the amphibians. Regarding these features as the expression of an hereditary potential which

culminated in the development of these Tetrapods, as I do, I am naturally led to conclude that the

Amphibia have been evolved without auy teleostome phase in their ancestry. Another fact

that contributes towards the attitude taken is the discovery that the maxillae of Folypterus

and its congeners are labial bones, and not, as I then believed, following Allis, truly homologous

with the bones of the upper jaw of the Tetrapods.
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PAET II. THE AMPHIBIA.
The Cephalic Muscles of Branchiate Amphibians: 1. The Dipnoi; 2. The Anticaii Tadpole; S. The Urodele

Larva ; 4. The Perennibranchiate Urodele ; 5. Eevicw.

The Cephalic Muscles of the Abranchiate Ampliibiana : 1. The Adult Caduclbranchiate Urodelos ; 2. The Adult

4nura 3. The Adult Caecillana ; 4. Review ;
Appendix. The Laryngeal Muscles of the Amphibiaas.

The Skulls of the Amphibians : 1. The Sicull of Seoceratodus ; 2. The Skull in the EuampWbia ; 3. The Skull

in the Embolomeri.

The Origin of the Amphibia : 1. General considerations ; 2. The Evidence of the CephaUc Muscles on the

Phylogeny of the Amphibia ; 3. The Serial Homology of certain of the Bones in the Skulls of the Amphibia, and

their bearing on the Evolution of tlie Class.

THE CEPHALIC MUSCLES OF BRANCHIATE AMPHIBIANS.
Intboduction.

The inclusion of the Dipnoi amongst the Amphibia and their discussion in this section of

the work is in accord with the conclusions arrived at as a result of reviews of their anatomy and

embryology published by myself elsewhere (Kesteven, 1931a, 19316 and 1941). Those conclusions

were that the Dipnoi are the most primitive amphibians known. Therefore, since they may be

regarded as the most primitive members of the group which next falls for description and

S: discussion, they are dealt with first.

The nomenclature of the muscles will continue, as far as possible, to reflect the conclusions

^ arrived at relative to their homologies thi-oughout the vertebrate series. It may here be explained

^ that throughout the whole of this work it has been my practice to become completely familiar

^ with the musculature of each group before commencing the study of the next higher group.

^ Thus, the musculature of the branchiate Amphibia was studied before any of the abranchiate

S> forms were examined at all. The object was to avoid the possibility of interpreting the

crJ musculatiue of the lower groups ui terms of the higher. This has involved the use of provisional

^ nomenclature tmtil the whole of the work was completed, and its alteration, where required,

^ on the completion of the work. The revision of the typescript which was entailed by this poUcy

has permitted the incluiiion in a few places of paragraphs such as this and others which include

O references to observations made during later portions of the work.

The use of the designation " pterygoideus " for one of the muscles of mastication in the

fishes ia an example in illustration of substitution of a name conveying an intimation of the

final conclxision arrived at and introduced only after the work on the Reptilia was completed.

There is, however, a limit to which this poHcy of introducing the final conclusion into the

nomenclature may be carried. For instance, it is believed that the anterior belly of the

M. digastricus was derived from the Csv-lb, the M. intermandibularis, but it would, clearly, be

inadvisable to apply such a designation to a flat sheet of muscle fasciculi.

The Table of Homologies is introduced to bring the work up to date, as it were, and it is

introduced at the begmning with a view to presenthig the conclusions of the section on the

Amphibia as an introduction indicating the trend of the work.

LIST OF ABBRE\TATIONS USED ON FIGURES 70-99.

A c Arytenoid cartilage ; A.hy., M. abdonxino-hyoidcus ; At.sc. M. attrahens scapulae ; Br. 1 & 2, Branchial

cartilages ;
Br.cl., BrancMal cleft ; Che. & C.liy.e., M. interhyoideus ; Chy., Ceratohyoid cartilage

;
C.liy.a.,

M. ceratohyoideus anterior ; Co.. M. claviculo-brancbiaha ; Co.hy.br., M. claviculo-hyoideus ; C.p. & C.ph., M. con-

strictor pharyngei; C«d., Superficial dorsal constrictors; Csv.la, M. submentalis ; Cav.lb, M. intermandibularis

;

Csv.2a&2b. Anterior and posterior parts of the M. mterhyoideua ; Cu., M. cucullaris ; Bep.mn., M. depressor

mandibulae'; D.hy., M. dilator hyoidei ; D.l. & D.lh., M. dorso-laryngeus ;
D.la., M. dilator laryngei

;
D.ls.,

M. depressor labii superioris ;
E.br., The base of the external branchiae ;

Ep., Epithelium of the buccal mucosa ;

F pr.. Foramen prooticum ;
G.gl., M. genloglossuH ; G.hy.» M. geniohyoideus ;

H.gl., M. hyoglossus
;

H.gl.a., M. hyo-

glossus anterior ;
Hy.ph., M. hyopharyngeus ;

I.br., Mm. interbranchiales ; I.h. & I.hy., M. interhyoideu>i
;

I.l.c,

Inferior labial cartilage ; Lap., M. infraspinatus ; L.a.b.. Mm. levatorea arcuum branchiaUum ;
L.br., Ttie doraal

fluperflcial branchial constrictor muscle : L.d., M. latiasimus dorsi ; L.hy., M. levator hyoidei; L.sc.i., M. levator

scapulae inferior ;
L.scs.. M. levator scapulae superior ;

L.v., M. laryngeus ventralis
;

Mas.. M. massetoricus ;

M.C. & Mk., Meckel's cartilage ;
Mm., Mm. interbranchiales ;

0-a-hy., M. omo-abdomino-hyoideus ;
Orao., M. omo-

hyoideua ;
P.c. Pars cephalognathica ;

Pet.p., M. petro-hyoideus posterior ; P.h.o., Poathyoid ossicle
;

P.n., Para

notognathica ; Pr., Procoracoid ; Pr.m., Processus muscularia ; Pt., M. pterygoideus ;
Pt.a. & Pt.p., Anterior and

posterior part-s of the M. pterygoideus ;
Q-m., M. quadrato mandibularis ; Qu., Os quadratum ;

R.ab., M. rectus

abdominis ;
Kh.a., M. rliomboideua anterior ; S.a.o. & S.a.ob., M. subarcualis obliquus ; S.a.r., M. aubarcualis rectus

;

S a.t., M. subarcualis transversus ;
Sc., The scapula ; S.c-t.. M. spino-capitis transver.sus ;

S.I.c, Superior labial

cartilage ;
Sph., M. sphincter laryngei ;

St.hy., Ceratohyoid cartilage ; T., M. temporalis ; V.mn.. The mandibular

ramus of the Vth nerve.
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1. The Dipnoi.

THE CEPHALIC MUSCLES OF NEOCERATODUS FORSTERI.
(Figs. 70-73.)

(a) MUSCLES OF THE MANDIBULAR SEGMENT.
The Csv.lb (Fig. 70).—This is the only representative of the Csv.l sheet ; there is no trace

of a Csv.Ia. The muscle arises from the greater part of the medial stirface of the mandible
and is inserted into the relatively broad mid-ventral raphe. Although not extensive super-
ficially, the muscle is really massive, for the surface of the mandible is fairly deep. The mid-
ventral raphe is a very strong membrane and the fibres are inserted onto its ventral surface.

Fig. 70.

—

Neoceratodus. Ventral view of the superficial constrictor.

The posterior fasciculi of this muscle lie superficially to the most anterior portion of the M. inter-

hyoideus to the extent indicated on the right side of Fig. 76, where the Csv.lb fibres have been
cut away to show the underlying Cpr.2. There is a clean plane of separation between the two
muscles and their separation is rendered the more easy by the different direction of their two
sets of fasciculi.

Innervation.—The only nerve found to give fibres to the Csv.lb was the posterior myloid
nerve (Nv.my.l).
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The mandibular adductor's are very similar in all three Dipnoane. In addition to the two

adductors of the lower jaws there are, in the Dipneumona, small retraetorea anguli oris, which

Edgeworth (1926) describes as being developed from the adductor portion of the mandibular

myotome. These are not present in Neoceratodus.

There are two main divisions of the mandibular adductor muscle mass, an intei'nal and an

external. Edgeworth (1911) followed Jacquet in designating the internal "temporal", and

the external " pterygoid These designations of Jacquet were most mifortunate, for it will

appear later that it is the internal which is homologous with the pterygoid of the fislies and

amphibians, whilst the external is homologous with the quadrato-mandibularis of the fishes.

The Pterygoideus Muscle.

This takes origin from that part of the dorsum of the skull which is covered by the post -frontal

bone (Kesteven, 19316) and from the deep surface of that bone itself. It is a large nearly quadri-

lateral muscle with its antero-lateral and deep corner drawn out into a very strong short tendon

which is inserted on to the upper edge of the lower jaw bone internal to the insertion of the

quadrate -raandiVjularis. The tendon of insertion spreads out fanwise above, in the middle

of the thickness of the muscle, so that the fasciculi arising from the skull are inserted into its

deep siu-face and those from the post-fi-outal into its superficial surface. For a short distance

above the insertion this tendon forma a sheath on the lateral surface of the muscle, separating it

from the quadrato-mandibularis.

The Quadrato-mandibularis.

This takes origin from that area of the dorsum of the skull which is covered by the squamosal

bone and from the deep surface of the squamosal, as well as from the anterior, free, surface of

the descending process of that bone. This miiscle also has a central tendinous sheet into which

all the fibres, except those arising from the descending process of the squamosal, are inserted.

Ab in the Pterygoideua, the sheet terminates anteriorly and inferiorly in a strong tendon which is

inserted into the upper edge of the lower jaw bone. This insertion extends from the posterior

edge of the teeth to just in fx^ont of the joint. The insertion of the Pterygoideus is medial to

only the anterior half of this. The fibres arising from the descending process of the squamosal

are inserted into a similar but much smaller tendon of their own, but this latter is completely

fused with the other before its insertion.

Adams (1919) regarded these fibres arising from the descending process as a " masseter

slip (adm.2) I find that the division 1 have described is much more in conformity with the

division of the adductor mass itself. The division between the small posterior mass is much
more incomplete than tVie other and there is no structure interv^enmg between those two portions.

On the other hand, the division I have described is much more complete, fusion only taking place

between the short deep fibres of the two divisions just above the insertions. Those insertions

are placed one internal to the other, and they are separable right down to the bone without the

severance of any fibres or fasciculi. Finally, the maxillary and mandibular divisions of the fifth

nerve, after issuing from the foramen prooticum externum, pass forward and ventrad between

these two divisions, thus delimiting the primitive quadrato-mandibulai-is from the pterygoideus,

exactly as was found in the fishes.

Edgeworth 'a (1926) description and illustration of these muscles and the related divisions of

the Vth nerve are a little misleading. Actually, however, the discrepancy is only apparent.

In the adxdt the origin of the quadrato-mandibularis, levator mandibulae posterior of Edgeworth,

extends dorsatl and mediad so that the proximal portion of the mandibular division of the nerve

comes to lie internal to this muscle.

The use of the designation " levator " for this muscle, whilst meclianically correct, is, from

the point of view of muscle homologies, quite wrong.

The two muscles of mastication are separated by an interval filled by loose fascial tissue, and,

in their anterior portions, by the emerging second and third branches of the fifth nerve which

lie in this tissue.

The fifth nerve presents the same relations to these two divisions of the muscles of mastication

as was foimd in the fishes. The second and third emerge from the prootic foramen together and

lie at once between the Mm. pterygoideus and quadrato-mandibularis. The nerve to the former

muscle arises from the main division of the mandibular branch immediately outside the foramen



THE EVOLUTION OF THE SKULL—KESTEVEN. 137

and turns dorsad medially to the maxillary branch. The nerves to the latter muscle, two in

nmnber, leave the main branch a little later and reach the muscle laterally to the maxillary

branch. The terminal myloid branch reaches the surface of the muscles close to their two

tendinous ends, and immediately tinns laterad and then caudad around the lateral surface of the

M. quadrato-mandibularis tendon to reach the mandibular foramen. Immediately within the

foramen it is joined by the mandibular branch of tlie seventh nerve, the chorda tympani, but

does not fuse with it until the posterior myloid nerve to the Csv.lb has been given off (Fig. 72).

The anterior myloid nerve (Nv.my.) gives off one more branch before itself emerging from the

canal far forward.

(6) THE MUSCLES OF THE HYOID SEGMENT.

The Csv.2 and the Csd.2 are quite continuous posteriorly (Fig. 71). The origin of the C8d.2

is from the dorsal fascia just a little dorsally to the line of attachment of the opercular membrane.

The posterior margin of the muscle is the free edge of the membrane. The insertion is per mediiun

of the Cbv.2 into the mid-ventral raphe. The continuity of the two portions of the sheet is

interrupted in the region of the operculum and the suboperculum by two lines of insertion on to

the deep surface of those bones. The antero-dorsal portion thxis delimited is, apparently.

Pig. 71.

—

Neoceratodus. Lateral viow of the superficial constrictore.

homologous with the M. levator operculi of the bony fishes. The insertion of the fasciculi of

this muscle is along a line a short distance below the dorsal margin of the deep surface of the

operculum. A little distance below this line a second email sheet of fasciculi arises ; these are

inserted on to the deep surface of the suboperculum, and below them the Csv.2 takes its origin

from the same surface.

In addition to these small muscles beneath the opercular bones there is a small but remarkably
massive muscle which arises from an oval area of the deep surface of the operculum infero-

anteriorly. The fasciculi are all gathered to a short stout tendon which is inserted on to the

upper edge of the deep surface of the suboperculum at its anterior end.

The Cpr.2, M. interhyoideus, is very similar to that muscle in the Elasmobranchia. It

arises from a small area on the lateral surface of the ceratohyoid just behind the angle of the jaw
and deep to the mandibulo-subopercular ligament. Its anterior fasciculi run forward at a sharp

angle, the posterior fasciculi run directly transversely, those in between having intermediate

directions. The muscle lies in the same plane as, and is inseparable from, the anterior fasciculi

of the Csv.2. The most anterior fasciculi are inserted deep to the posterior fibres of the Csv.l.

These hyoid muscles are, of course, innervated by the motor twigs of the facial nerve. The
location of these twigs over the surface of the muscles is shown in Fig. 71.

Tlie seventh nerve gives off the palatine branch whilst it is within the facial canal. This
palatine canal leaves the other a short distance from the cranial end and passes directly ventrad ;

just before it reaches the ventral surface, the canal turns rostrad and mediad and runs forward
for a short distance within the cartilage and then reaches the surface of the cartilage so that
the nei've lies in a parabasal canal whose walls and roof are cartilaginous and whose floor is sup^ lied

by the parasphenoid bone.

Continuing dorso -laterally with a slight caudal inclination, the ramus hyomandibularis
isBues from its canal between the otic and basal roots of the quadrate, as previously described
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(Keateven 1931&). Almost at once the nerve breaks into three branches. The first leaves the

anterior side of the nerv6» runs laterad and rostrad behind the otic root and ramus of the quadrate

for a short distance and then, turning rostrad, plunges into a canal which tunnels the ramus of

the quadrate, a short distance above the articular head, in a direction ventrad and rostrad.

The nerve issues from this canal under those fibres of the M. quadrato-mandibularis which arise

fi*om the front of the quadrate. If these fibres be pulled inward, without disrupting their

attachment, the nerve is brought into view as it runs forward along the lateral edge of the muscle

to reach the myloid foramen in the mandible. A short distance within that canal, just beyond

the departure of the posterior myloid nerve, this branch of the facial fuses with the myloid branch

of the fifth nerve. This has been identified as the Chorda tyrapajii (Nv.ch-t., Fig. 71).

The next branch of the hyomandibular trunk is the lateralis component. This leaves the

anterior side of the main nerve and enters, almost immediately, the lateral line canal which lies

nearly parallel with the posterior margin of the quadrate and anterior margin of the operculum.

A second inferior mandibular branch next leaves the same side of the main nerve and runs

ventrad, laterad and rostrad, deep to the anterior margin of the operculum, then deep to the

mandibulo-aubopercular ligament and foi-ward along the medial edge of the ventral surface of

the mandible for a little distance. This probably coranmnicates with the posterior mjdoid nerve,

but the communicating twig was not found.

The hyomandibular nerve now breaks up into its several motor twigs to the hyoid muscles,

whose distribution is shown in Fig. 76.

There is no reason to doubt the complete homology of the two superficial constrictor sheets,

Csv.lb and Csv.2, with the first and second sheets in the fishes. One should, however, note

that in Ceratodus the resemblance of the hyoid sheet is to the Selachians and Holocephali rather

than to the bony fishes. In these latter the hyoid constrictor runs dorsad under cover of the

opercular components, whilst in the dipnoan the sheet is, in its posterior portion, quito superficial.

It is true that in Ceratodus, as m the teleosts, the anterior portion of the dorsal constrictor lies

beneath the opercular bones, and it would appear that in the bony fishes the more complete bony

equipment of the opercular flap had invaded the muscular sheet, but that the development of

the branchiostogal membrane had captured the sheet whilst the opercular skeleton had grown

backward in a fold siijierficial to that membrane. It is probable that the branchioslegal rays

are really superficial to the muscle sheet in all the fishes. They are obviously so in the eels.

In Neoceratodus there is no branchiostegal membrane, the opercular skeleton is but poorly

developed, and the conditions generally are as in the Holocephali.

Edgeworth (1911, p. 188) says that " In Ceratodus the myotome of the mandibular segment

spreads vipwards lateral to the Gasserian ganglion and separates from the lateral half of the

intermandibularis ... It divides into outer and inner portions . . . the former of which . . .

arises from the trabecular wall and the latter from the outer and anterior surface of the quadrate.

The intermandibularis joins its fellow in a median raphe and becomes attached laterally to

Meckel's cartilage ; ita posterior end ©xtendmg backwards underlies the fore part of the inter-

hyoideus and (p. 212) "The hyoid myotome and the interhyoideus spread backward in the

opercular fold and form . . . anteriorly a levator hyoidei inserted into the upper end of the

hyoid bar, and an interhyoideus. and posteriorly a continuous ventro -dorsal . . . sheet in the

operculum . . . the anlage of the hyomaxillaris ligament is cut off from the upper edge of the

interhyoideus and spreads forwards to the hind edge of Meckel's cartilage.'*

His description of the arrangement of the hyoid muscles in a 55 mm. specimen o{Protopterus

is also of interest here (Edgeworth, 1926, p. 724). "The levator hyoidei is inserted into the

knee of the hyoid bar . . . The most posterior fibres of the constrictor hyoideus form a contiiiuous

dorso-ventral sheet, but the majority have separated into throe portions—dorsal, middle and

ventral. The dorsal portion passes from the auditory capsule to the operculum, the middle

portion from the operculum to the suboporculum, and the ventral from the suboperculum to the

mid-ventral line. The middle portion has extended forwards, and its anterior portion forms a

separate rausLle, the retractor raandibulae, of horizontal fibres easily distinguishable from the

vertical fibres of the constrictor. The dorsal edge of the retractor rises and, in front of the dorsal

portion of the constrictor, is attached to the auditory capsule. The posterior end of the retractor

is attached to the operculum and suboperculum. The muscle extends forward in front of the

hyoid bar and is inserted int-o the hind end of the jaw to the splenial and angular bones. The

anterior edge of the ventral portion of the constrictor is sfightly separated from, and overlaps,

the hind edge of the interhyoideus."
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Comparing these descriptions with the muscles in the adult NeocercUodus, we note that the
levator hyoidei of the larval form is no longer present and that there is now no recognizable over-

lap between the contiguous edges of Csv.l and C8V.2, but that they are indistinguishably blended.
There is, however, a very close resemblance between the hyoid sheets in the adult Neoceratodus
and the 55 mm. Protoptenw, more particularly in the division of the upper end of the sheet beneath
the opercular bones.

In front of this point in the adult Neocerotodus we find a muscle, which is essentially similar

to the interhyoideua of the selachians, situated deep to the fore end of the superficial hyoid
constrictor and to the posterior end of the intermandibiilaris.

It would appear from Edgeworth's Figure 19 that the overlap of th© anterior portion of
the interhyoideus beyond the posterior margin of the intermandibularis, in the 1 9 mm. Protopterus,

is dorsal to that mviscle.

Fig. 72.

—

Neocerotodus. Semi-schematic presentation of some of fclie branches
of tiio Vth and Vllth nerves. C.hy., Ceratohyoid

;
Nv.ch-t., Communicating

branch of the Vllth to the myioid branch of the Vth
;
Nv.my., Myloid nerve

;

Nv.my*., PoBterior myloid nervo
; Temp., Tendon of the tempo-massetoric
muscle.

If this be ao, then we may conclude that it ie the anterior portion of the hyoid constrictor
sheet which persists as the interhyoideus in the adult Neoceratodus. It also seems not unreason-
able to assume, for the present, that the antero -posteriorly directed lateral fibres of the inter-

hyoideus are homologous with the retractor mandibulae of the Protopterus.

Edgeworth (1926, p. 724) remarks that Rudge was of the opinion that the retractor
mandibulae of the Dipneumona was homologous with that portion of the Csd.2 which LightoUer
has since designated the pars quadrato-hyoidea. With this opinion Edgeworth is imable to
agree. He points out that a pars quadrato-hyoidea is not present in the dipneumonous lung-
fishes, and that the retractor results from a relatively late forward growth from the middle portion
of Csd.2.

To the present writer it appears that both the abortive muscle of Neoceratodus and the
fully developed retractor of the Dipneimiona are to be compared with the hyoid component of
the retractor hyoidei of the bony fishes, the whole of the deep sheet to be regarded as homologous
with the interhyoideua of the elasmobranchs, but presenting a partial modification and specializa-
tion. A deep intermandibular fascia which ie present in Neoceratodus may be actually the
homologue of the anterior portion of the protractor hyoidei. Unfortunately we do not know
the later development, but if it be a forward extension of the " hyomaxillaris ligament " of
Edgeworth then it is developed in a manner very similar to the protractor hyoidei of the bony
fishes.

I have been able to dissect specimens oi Lepidosiren measuring 48 to 50 mm. These, which
I have to thank Professor W. E. Agar for, are young which have just completed the metamorphosis,
and their muscular anatomy must be essentially similar to that of the adults.

The retractor mandibulae is an obvious little muscle lying along the outer edge of the skull,
along the surface of the squamosal bone. There can be little doubt that it ia completely
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homologous with the pars cephalognathiea of the depressor mandibuleie of the whole of the

amphibians and reptiles. The homology of this muscle is discussed later, and it is regarded

as the modified form of the pars epihj^oidea.

(c) BKANCHIAL MUSCLES (Fig. 73).

MUSCULI MARGINAIiES. IntERBRANCHIAL MuSOLES.

Cpr. 3, 4, 5 and 6.—Each of these has a fleshy origin from the under side of the cartilaginous

roof of the gills near the lateral margin. From this origin each muscle passes almost vertically

downward but with a curve first outward and then back medially. Where they take origin, the

fasciculi of each muscle are gathered together to produce an oval fleshy belly, but on entering

the interbranchial septum they are separated and spread out to form a thin layer immediately

beneath the anterior gill filaments. As they are followed downward it is found that they spread

steadily to form a slowly widening ribbon, then, a little more than two-thirds of the distance

towards the inferior angle of the pouch, the muscle fibres quite suddenly give place to fine

tendinous fibres which are continued to the inferior margin of the septum.

Fig. 7S—Neocerat.odu8. A semi-acheniatlc presentation of tlie ventral branchial muscles,

as seen from below. 1, M. subarcualia rectus; 2, Tlie five Mm. coracobranchiales

;

3 M. cucullaris ; 4, M. spliincter oesophagi ; 5, M. subarcualis transversus V ; 6, M. sub-

aronalia transverKiis III
; 7, Mm. subarcnales transversi I and II ; 8, Mm. subarcuales

II-V ; A, Hyoid arch ;
B, Branchial arches

;
C, The eoracoid.

There is no seventh deep constrictor.

These muscles are designated constrictor branchiales by Edgeworth in his description of the

development in Protopterus and Lepidosiren (1926, p. 727).

Their homology with the interbranchial muscles of the Selachii appears quite obvious,

although they are no longer related to the superficial constrictors, these latter being absent.

The resemblance to the interbranchial muscles of the HolocephaU is very close. One observes

that these dipnoan interbranchial muscles differ from those of the fishes in that they arise from

the skull dorsally instead of from the upper elements of the branchial arches, extrabranchials

or pharyngobranchials. On the other hand, it should be noted that this dorsal origin for these

muscles is correlated with, and probably conditioned by the absence of the caudo-dorsal " return "

direction of any part of the branchial arch skeleton dorsally. In the dipnoan the segments of

the branchial arches are all in the same plane, so that a dorsal attachment for muscles external to

them and in the same plane must of necessity be to skeletal or fascial structures dorsally.

We shall find essentially similar relations present in the anurous amphibian tadpoles.

It will be remembered that there are no interbranchial muscles developed in any of the bony

fishes.

Levatores 3 to 7 (levatores arcuum branchialium) are very similar muscles. Each has a

fleshy origin from the under surface of the temporal cartilaginous gill-roof just along the line

where that merges with the side wall of the skull and otocrane. Each is a short, round muscle

and its point of origin is directly above the point of its insertion into the dorsal end of the branchial
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arch, in front of and medial to the origin of the deep constrictor. The seventh is the longest

of these muscles ; the fifth branchial arch is not fully developed and does not reach so far dorsally

as the others.

The Cucullaris (Fig. 73) arises immediately behind the seventh levator arcuum by a strong

tendinous band of fibres which ** fans " out at once, and also from the antero -ventral surface

of the post-temporal immediately behind the origin from the skull and at a slightly lower level.

From this origin the fibres spread out and. passing ventrally and medially, gain insertion into

scapular and suprascapular regions of the pectoral arch. Inferiorly it is impossible to separate

this muscle from the fifth eoraeo -branchial muscle. The two together foi-ra a strong muscular

wall for the fleshy portion of the posterior wall of the atrimn. The condition recalls that described

in Dasyatis (p. 46).

These branchial levators recall more strongly those of the selachian fishes than those of the

teleosts. In the latter tlie levators are closely bunched together at their origin from the skull,

whilst in the Dipnoi, for the dipnoumonous forms are similar to Neoceratodus, they are spaced

out, one behind the other in regular sequence, as in the Selachii.

The extensive cucullaris recalls that of the bony fishes in its development from a single

branchial myotome. Greil (1908) described the muscle plate of the fifth branchial arch as

developing into fom* muscles dorsaliy, of which the most posterior is that which he designated

the '* levator scapulae This is apparently the cucullaris of my description. So far as I am
aware, the development of the cucullaris in the Dipneumona has not been obser\'ed, but Edgeworth

(1926, p. 725) says of the larvae of Protopterus and Lepidosiren that " In the fifth arch there is a

constrictor branchialis V which extends downwards through the arch and is continuous ventrally

with the hinder part of the Coraco-branchialis V " and that in the 55 mm. specimen (ofProtoptenw)
" Constrictor branchialis V and the corresponding portion of coraco-branchialis V have undergone

a considerable extension backwards and form a broad sheet of dorso-ventral fibres, which arise

from the back of the auditory capsule and, behind that, from the post-temporal bone which has

now developed."

It is highly probable that later stages would reveal that this backward extension ia the

inception of the development of the cucullaris.

It would appear from Edgeworth*s work {1911} that the cucullaris of the bony fishes is

always developed from a single branchial miiscle plate when present at all, but that in the

Selachians (1911 and 19266) the cucullaris is developed from small portions of the dorsal ends of

several branchial muscle plates.

Whilst thus resembling the cucullaris of the bony fishes in its development, the muscle in

the dipnoans, as observed in the adult, is more similar to that of the selachians. In the bony

fishes the muscle is small and so closely resembles the levatores arcuum branchialiura that it has

been so desigiaated by several writers. In the selachians it is an extensive muscle very similar to

that of the dipnoans but, in the generality of instances, more massive.

id) THE HYPOBRANCHIAL MUSCLES.

Subarcuales transversi (Fig. 73).—There are three of these. Numbers one and two arise

together from the first two ceratobranchial cartilages and from a fibrous band between the two

cartilages. The third arises from the third ceratobranchial. The three muscles mcUne toward

one another at the mid-line and there fonn a continuous sheet immediately beneath the bases of

the third and fourth ceratobranchial cartilages. There is no median tendinous raphe ; the fibres

are in part continuous and in part interlace at the mid-line. According to Edgeworth, Jacquet

designated these Mus. chiasmique. They are the second and third interbranchial muscles of

Greil.

Constrictor pharyngei (Fig. 73).—Edgeworth tells us that this is developed from the fifth

subarcualis transversus ; it is therefore included in this subsection, but the longitudinal fibres

which enter so largely into its constitution suggest that there is also another component. The
muscle arises from the median surface of the fifth ceratobranchial on each side, and forms a

muscular layer to the floor of the pharj^nx between those cartilages. The posterior fibres pass

transversely and either are continuous or interlace across the mid-line. The middle fibres bend

forward and either interlace or are continued forward as two parallel, closely touching bundles

of fasciculi which terminate in a common tendon ventral to the chiasmatic muscle. This tendon

is inserted into the tough fibrous tissue in the floor of the mouth behind the hyoid copula.
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SubarcualoB recti.
—

^Two pairs of recti are present, the posterior according to Edgeworth

being compoaite muscles.

Subarcualis rectus 1 (hyo-branchialis) (Fig. 73) takes origin from the posterior face of the

ceratohyoid near its median end. A stout fleshy muscle at its origin, it flattens out and broadens

as it passes caudally and slightly laterally to be inserted on to the inferior edge of the first cerato-

branchial along the middle third of its length.

Subarcuales recti 2, 3, 4 and 5 (Fig. 73) form one continuous ribbon of muscle which arises

in front from the first ceratobranchial cartilage just medial to the median margin of the insertion

of S.arc.r.l and passes back beneath the other arches, being bound to each ceratobranchial as

it passes below it, to be inserted on to the base of the fifth ceratobranchial cartilage.

The coraco-branchiales (Fig. 73).—These are five ribbon-like muscles which arise, one behind

the other, from the middle of the length of the inferior surface of the ceratobranchial cartilage

and converge to be inserted close together on to the coracoid portion of the pectoral arch at a

little distance from the mid-line on each side. The last of these is much broader than the others,

and, as already described, is inseparable from the lower and median margin of the cucullarb.

(e) THE HYPOBRANCHIAL SPINAL MUSCLES.

The Coraco-mandibularia (genio-hyoideus) arises behind from the coracoid arch on either

side of the mid-line. It is a flat muscle and tapers to its insertion by a short ribbon of tendon

into the symphysis.

The Claviculo-hyoidetiB is a massive tetrahedral muscle. The base of this tetrahedron is at

its origin from the coracoid and from a membrane dorsal to the coracoid which is attached to the

pectoral arch on each side. One of the sides of the muscle is exposed by the removal of the ventral

constrictors and the coraco-mandibularis ; the other two sides lie against the coraco-branchial

muscles. The apex is inserted into the hyoid copula.

The Genio hyoid ligament is a short, round ligament which binds the hyoid copula to the

symphysis.

There remains for description a slender fleshy rounded muscle which arises from under the

edge of the dorsal squame of the squamosal (Kesteven, 1931). At its origin it lies above the

outer edge of the first gill septum, juat lateral to the origin of Cpr.3, the first interbranchial

muscle, near the lateral margin of the cartilaginous atrial roof. From this origin the muscle

passes medially, forward and ventrally, to be inserted into the epibranchial cartilage of the first

arch along with but posterior to the first levator arcuum branchialimn.

Actually this muscle arises almost in continuity with the first branchial deep constrictor and

is inserted almost in continuity with the first branchial levator. Since the levator is developed

from the medial and dorsal portion of the general constrictor sheet, it appears that this should be

regarded as an aberrant piece which was situated at the line of fission between the two derivatives

and has remained attached to both. It was only found on one side of the specimen dissected.

From the deeper layer of the branchial muscle plates there are developed, in the selachians^

epiarcual branchial muscles and interbranchial muscles, in the bony fishes, epiarcual branchial

muscles and subarcual branchial muscles, and in the dipnoans epiarcual, interbrancJnal and

Bubarcual branchial muscles.

It has been demonstrated that the interbranchial muscles of the selachians and the subarcual

muscles of the bony fishes are both developed from the same ventre-median portion of the

primordial muscle plate. Ontogenetically, therefore, these muscles are homologous and they

have been so regarded in a previous section of this work. We have now to consider in what

light we must view the interbranchial and subarcual muscles of the dipnoans.

It appears to the wi-iter that, beyond question, the subarcual muscles in the Dipnoi and

Teleostomi are completely homologous, and it might, therefore, appear to follow that the inter-

branchial muscles of the Selaehu cannot also be homologous with the subarcual muscles of the

Teleostomi. It would certainly appear that we must regard the primordial muscle plate in the

bony fishes as having grown down and given rise to the subarcual muscles and as ha^^ng become

completely aborted between these and the epiarcual muscles, whilst m the Dipnoi the intervening

portion has persisted and given rise, as in the SelachU, to the interbranchials.

A strict interpretation of the facts is perhaps as follows. The DipnoaiLs present a more

primitive condition than the bony fishes ; in them we are permitted to observe the intermediate

stage in the evolution of the subarcual muscles. In this stage they arise as ventral extensions
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from the ventro-median portion of the deeper part of the primitive constrictor sheets. In the

bony fishes a further stage has been arrived at. In this the connecting piece, which we designate

the interbranchial muscle, has been lost.

If this be correct then, whilst there ia ontogenetic evidence that the Hubarcual muscles are

homologous with the interbranchials of the Selachians, phylogenetically the interbranchial

muscles are homologous in the Dipnoi and the Selachians, as also are the subarcual muscles in

the Dipnoi and the Teleostomi.

2. The Anuran Tadpoles.

(Figs. 74-78.)

The following description of the masticatory and branchial muscles of the anxiran tadpoles

is taken directly from dissections of the tadpole of Mixophyes fasciolatus. The illustrations are

similarly derived, I was fortunate in the spring of 1932 to obtain a large nmnber of these tadpoles

and was able to rear them till some had acquired indubitable specific characters. They wore of

relatively large size, measuring 7 to 8 cm. in length, the heads being 1-5 cm. long and of equal

width and only slightly less deep. I was able to dissect out most of the muscles after staining

with picric acid and borax carmine. Doubtful points in the anatomy and innervation were

checked or corrected by the study of thick lightly-stained sections rendered transparent by the

Spalterholtz method. I have, moreover, made careful comparison with preparations of the

smaller tadpoles of Hyla aurea, H. cerulea, Crinia sp.* and Lymnodynastea sp. The resemblance

was so complete that no differences were observable. The primordial cranial and branchial

structures were so similar one to another and to those of Sana, that one is justified in making the

aasumption that the description here given of these muscles may be accopt'Od as being truly and
completely one of the muscles of the anuran tadpoles generally.

The primordial cranium is so essentially similar to that of Raiia that I have reproduced,

only slightly modified, Gaupp's illustration thereof in illustration of that of Myxophyes. I have,

however, preferred to designate the suprarostral cartilage " upper labial " and the infrarostral
'* lower labial " in order to convey their complete homology with the corresponding structures

in the fishes.

The primordial visceral skeleton also Ls essentially similar to that of Ranu, The hyoid, or

first copula, is rather better developed and is articulated on each side to the anterior edge of the

hyal cartilage. The two hyal cartilages are, as iu Hana, broad and massive. They articulate one

with the other in the mid-line, and on each side with the inferior edge of the muscular (antorbital)

process. The second copula lies in contact with the median edges of the hyal cartilages in their

posterior halves, these edges divergizig to accommodate the copula. This second copula is a

small quadrilateral plat© which overlaps inferiorly the similarly shaped, but larger, planum
hypobranchiale. This latter shows no division into right and left halves, as it does in Rana.

The four branchial arches are articulated to the lateral margin of the hypobranchial plate much
as in Rana, and have similarly serrated edges.

MIXOPHYES TADPOLE.
Stage A. (Figs. 74-76.)

The dimensions of this stage are those given above. There is as yet no aign of the

development of either limb, and the Itmgs are but small, apparently functionless organs, for the

little animals were observed not to swim to the surface for air as did those in which, at a later

stage, the lungs were foimd to be much enlarged.

The Submentalis muscle (Csv.la, Fig. 74) appears as a small nodular condensation of tissue

which takes the picric acid stain well, and stands out quite clearly, immediately behind the

aymphysia of the inferior labial cartilages. As yet no definite muscle fibres are observable under
the dissecting microscope.

The Intormandibularis muscle (Fig. 74, Csv.lb) is a very fine thin band of muscle fibres which
arises on each side on the anterior and superior surface of Meckel's cartilage along the centre

one-third of its length and passes round the lateral smface of the cartilage, and then passes

caudally, ventrally and medially to be inserted with its antimere into a median ventral raphe.

• Of these I have had some huniireda for study, presenting in ail forty-seven tstagea of development from ovunx
to adult form.
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In situation this muscle encloses a triangular area whose third side is the posterior margin of the

inferior labial cartilages. Where the fibres leave Meckel's cartilage the band of fibres lies in the

horizontal plane, but as they pass medially the more posterior fibres come to occupy a position

dorsad to the anterior fibres so that the median raphe is almost in the vertical plane.

Innervation.—Both these two muscles are innervated by the mandibular ramus of the Vth

nerve. The actual innervating branch to the Csv.lb was quite plainly seen leaving the main

nerve just as that passed across the outer surface of Meckel's cartilage. The nerve to the Csv.la

was found in stage C described later.

Fig. 74.

—

Mixophyes tadpole, stage A.—Ventral aspect.

The Interhyoideus muscle, Csv.2 (Fig. 74, I.h.), arises from the mid-ventral raphe and is

inserted on each side on to the inferior, postero -lateral, corner of the hyoid cartilage. The muscle

is fairly stout, oval in transverse section, and a certain number of the fasciculi cross the mid-line

and arise amongst those of the opposite side.

Innervation.—The motor twig for this muscle leaves the hyomandibular ramus of the Vllth

nerve after that has passed mediad and ventrad from between the two heads of the depressor

mandibulae muscle.

The Dilator hyoidei muscle, Csd.2 (Figs. 75, 76, D.hy.), arises from the dorsal edge of the

antorbital muscular process and passes eaudad, laterad and ventrad across the external surface

of the process, to be inserted into the ventral edge of the lateral margin of the hyoid cartilage

V.mn.

Fig. 75.

—

Mixophyes tadpole, stage A.—Lateral aspect.

immediately lateral to the joint with the process and in front of the origin of the interhyoideus

muscle. The dilator hyoidei is a short, thick, relatively broad muscle and occupies practically

the whole of the concave depression on the outer surface of the muscular process.

Innervation.—The motor twig for this muscle leaves the hyomandibular tnmk of the Vllth

nerve before it passes beneath the depi-essor mandibulae muscle.
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The Depressor Mandibulae muscle presents itself even in this early stage in the two portions

which LightoUer has designated partes cephalognathica and notognathica. It must, however,

be remarked that {though I have made use of those designations with a view to establishing their

identity with the parts of the muscle in the adult frog) at this stage of its development the former

is not entitled to its name, for it does not arise from the cranium but from the mandihulo-maxillary

visceral skeleton.

The Pars Cephalognathica (Figs. 75, 76, P.c.) arises under cover of the dilator hyoidei, from

the lower part of the outer surface of the muscular process.

The Pars Notognathica {Fig. 75, P.n.) arises from the lateral edge of the hyoid cartilage

under cover of the anterior edge of the same muscle.

The two portions taper rapidly and are inserted by a shoi-t common tendon into a backward

turned spur on the infero-lateral corner of Meckel's cartilage.

The contiguous edges of these portions are separated by a very narrow interval, and at their

origins the joint between the process and the hyoid cartilage lies deep to the interval. The
uppermost fibres of the pars cephalognatliica have an inclination ventrad, the lowermost fibres

of the para notognathica an inclination dorsad, as they pass forward to their insertion.

Fig. 7C).—Mixophves tadpole, stage A.—Dorsal aspect.

Innervation.—This is by twigs of the hyomandibular trunk of the Vllth nerre as it passes

from beneath the dilator hyoidei muscle, that is to say, dorsally to it.

The mandibular adductor muscle mass presents five distinct components. Together they

fill the space between the ethmoid region of the skiiU and the upturned antorbital muscular

process, and, extending backward, cover the floor of the orbit. Although thus closely packed,

they are quite readily dissected asunder.

The Depressor Labii Superioris Longus (Figs. 75, 76, D.l.s.) is an elongated ribbon of muscle

fibres which takes origin from the outer margin of the floor of the orbit along its length. It

tapers gradually as it extends forward and its fibres give place to a fine tendon as they reach the

transverse level of Meckel's cartilage. The tendon is continued onward in the loose tissues of the

side of the mouth and is inserted into the superior labial cartilage about the middle of its length,

close to the inferior margin, whereon are set the horny larval teeth.

The Depressor Labii Superioris Brevis is a much shorter muscle which arises from the anterior

edge of the muscular process and passes forward, covering the anterior end of the depressor

longus to be inserted into the tendon of this latter muscle.

The Temporalis (Figs. 75, 76) arises from the floor af the orbit medially to the long depressor.

As it extends forward it comes to lie ventrally to the anterior end of the long depressor. Like
the other muscles, it tapers to a fine, but short, tendon which is inserted into the superior surface

of Meckel's cartilage about the junction of the posterior and middle thirds of ite length.

The Pterygoideus Muscle (Figs. 75, 76) is similar in shape to the temporalis. It arises

from the cranial wall and orbital floor medially to the suborbital vacuity. It passes forward
across the antorbital bar beneath the other three muscles and is inserted into the upper surface

of Meckere cartilage behind the temporalis.
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The Massetericus is a very thin sheet of short muscle fibres which arise from the medial

surface of the muscular procees close to the anterior edge thereof and passes cephalad, ventrad

and slightly laterad, to be inserted into the proximal end of Meckel's cartilage just in front of

the insertion of the pterygoideus.

Innervation.—^All these muscles of mastication aie innervated by twigs from the mandibular

ramus of the Vth nerve as it passes them.

The mandibular ramus of the Vth ner\^e appears on the floor of the orbit between the

pterygoideus muscle on the inner side and the temporalis on the outer. It runs forward for a

short distance along the medial border of the temporalis and then, above the antorbita^l transverse

bar, it passes dorsally to the muscle, crossing it from within outward and forward. Under cover

of the muscular process it perforates the depressor labii superioris longus. It next bends laterad

and ventrad and crosses the outer and superior surfaces of Meckel's cartilage between the insertions

of the temporalis and pterygoideus in front and the masseter and depressor mandibulae behind.

Having crossed the cartilage of the lower jaw, it turns forward and was traced nearly to the

symphysis ; the twig to the Csv.lb was clearly seen in several dissections. No twig was observed

turning backwards to reach the interhyoideus muscle.

HVPOBRANCHIAIi MtJSCLES.

Two subarcuales recti are recognizable (Fig. 74, S.a.r.), but, as they extend further than

across a single interbranchial inter\^al and both arise from the first ceratobranchial cartilage,

it were only guesswork to attempt their segmental designation.

They are two narrow, thin bands of fibres which run parallel, separated by a narrow intei'\ a].

The medial muscle arises from the first ceratobranchial cartilage a little distance from the lateral

edge of the planum hypobranchiale and passes back to be inserted into the third ceratobranchial*

and hypobranchial plate just where the two are articulated. The lateral muscle arises laterally

to the other and passes back and medially to be inserted into the point of articulation of the hypo-

branchial plate and the fourth ceratobranchial.

Only one subarcualis transversus (Fig. 74, S.a.t.) was found in tadpoles of this stage. It is

a short thin muscle which arises from a spur on the centre-point of the second copula, first basi-

branchial cartilage, by a fine short tendon. It rapidly becomes wider as it passes laterad to be

inserted into the bases of the first and second ceratobranchial cartilages just beyond the margin

of the hypobranchial plate.

A single marginal muscle (interbranchial muscle) is indicated only at this stage by a fine

brightly-stained line of tissue along the external sxu'face of the first branchial cartilage. This is

in the position in which the muscle itself is developed in stage B.

Innervation.—l have not been able to determine the umervation of these muscles.

The Claviculo-branchialis (Fig. 74, Co.br.).—This name is applied to a muscle very similar

to the subarcualis transversus, which takes origin immediately behind it from the hj'pobranchial

plate just at and medially to the root of the third branchial arch and, tapering, extends mediad,

slightly caudad and ventrad to be inserted into the tissues of the pericardial wall.

Innervation not determined.

Ttie Levator Hyoidei (Fig. 75, L.hy.) arises from the lateral edge of the meta-pterygoid

process. This is an exceedingly fine triangular sheet of muscle fibres. The origin from the

meta-pterygoid presents a short gap dividing the muscle into anterior and posterior halves, and

suggestive of a duahty of the muscle. The insertion is by the point of the triangle into the hyoid

cartilage. The point of insertion is on the postero -lateral edge behind the insertion of the dilator

hyoidei and posterior to that for the origin of the interhyoideus.

Innervation.—This is by twigs from the ramus hyoideus VII after it has been joined by the

commimicating branch from the IXth, and as the ner\-e passes under cover of the muscle.

The Dorsal Superficial Brancliial Constrictors (Csd.3-6) are represented by an inconstantly

interrupted sheet of fibres (Fig. 75, L.hr.) which arise from the lateral edge of the nieta-pterj^goid

process behind the levator hyoidei and exteiid ventrad to be inserted into the outer wall of the

branchial chamber along the mid-lateral line. The number of fasciculi into which the sheet is

The four branchial arches are quite UJisegmented so that tlie designation ceratobranciiial or epibranchial ie to

be understood as purely topograpliical and one of convenience only. The distal or epibranchial ends of the arches are

united by a serrated atrip of cartilage which gives to them the appearance of having, each, bent posteriad till it came

into contact and fused wltli that next behind.
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divided by the interruptions is three or four, and the situation of the fcw^cicuH is not sufficiently

constant to allow one to hazard an opinion ae to actual number of superficial dorsal constrictors

represented, basing that opiniou on the structure of the muscle. On the other hand one is

reasonably justified in postulating a number equal to that of the branchial arches.

Innervatio7i.—It can bo stated that these muscles are innervated by twigs from the ninth

and tenth nerves, because these nerves only were found in their proximity. The extreme tenuity

of the twigs, however, renders it extremely difficult to determine their origin, they are so easiiy

torn loose in the attempt to dissect them out.

The Constrictor Pharyngei muscle arises from the postero-lateral and ventral corner of the

auditory capsule. It passes caudad, mediad and ventrad around the posterior wall of the

branchial ca\'ity.* It does not reach the mid-line, but ia inserted a little distance therefrom into

the posterior and ventral wall of the branchial cavity.

The Cucullaris muscle arises medially to the constrictor pharyngei from the inner comer of

the postero-ventral angle of the auditory capsule. From this origin it passes mediad and ventrad

between the posterior branchial and anterior abdominal walls. At its origin and for a little

distance therefrom it is narrow and ribbon-like and in this part of its length it is more closely

related to the branchial wall ; at about the middle of the total length of the muscle it passes

over the space between the two and becomes more intimately bound to the abdominal wall and,

expanding fan-wise, it is inserted into a tendinous intersection, to the other side of which the

anterior end of the rectus abdominis is attached. The line of this intersection is in the horizontal

plane a little ventral to the middle of the dorso -ventral diameter,

Inyxervation.—^The motor twig to the muscle was not foimd in any of the dissections of this

st-age, but, as it was subsequently demonstrated that this becomes the cucullaris muscle of the

adult frog, one very natiu-ally eissmnes that it is innervated, as is the adult muscle, by the Xth
nerve.

The superficial ventral branchial constrictors.—Before describing the muscle which is

believed to represent these muscles of the fish, it is necessary to recall the fact that the branchial

arches bend ventrally as they extend laterally from their joint with the hypobranchial plate.

The pericardium lies behind but in the plane of the triangular space thus formed below and
between the branchial chambers. The whole of this space, which tapers to an apex immediately

below and behind the second copula, is enclosed below by a relatively strong membrane which

is attached on each side to the ventral convexity of the branchial arches, beyond this the arches

are attached to the membrane as it rises on each side to gain an attachment to the lower margin
of the meta-pterygoid process medial to the attachment of the levator hyoidei and superficial

dorsal branchial constrictor muscles.

I return now to the ventral braneliial constrictors (Csv.3). Traversing the floor of the

pericardial space there are a series of transverse fasciculi which are inserted into a median raphe

and which arise on each side along the lateral limit of the space. On each side posteriorly some
of these fibres ascend further on the lateral wall of the branchial chamber to arise from a short

longitudinal branchio-abdominal ligament which, later becoming attached to the coracoid, is

recognizable in the adult frog as a coraco-cephaUc ligament.

Innervation.—Though it caimot be defiinitely asserted, it is believed that this diaphanous

muscle is innen-ated by twigs from the IXth and Xth nerves.

Hypobranchial Spinal Muscles.

The Geniohyoideus Muscle (Fig. 74, G.hy.) lies dorsally to the Csv.la and lb and to the

interhyoideus. It is a narrow band of fibres which may be regarded as arising from the posterior

margin of the hypobranchial plate. From this origin it passes directly forward, between the

interhyoideus and the hyoid cartilage, and then dorsally to the two divisions of the first super-

ficial ventral constrictor to bo inserted into the inferior labial cartilage laterally to the tiny

nodular primordium of the Csv.la.

The Quadrate-abdominis Muscle is an exceedingly transitory structure. It was present

in about 50% of the dissections of this stage, and provided e\'idence that they were not all in

* When the skin has been removed from the venter of the tadpole it is found that one can quite readily separate

ttio posterior branchial wall from tlie anterior abdominal wall on either side of and below the pericardium, and that

this separation can be effected on each side right to the dorsal limit of the branciiial cavity jiist below the cranial

floor.
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precisely the same stage of development. I have been unable to find the muscle in amy of the

earlier or later stages of this or other Anuran tadpole that I have been able to examine.

Lying superficial to all the other muscles, this takes its origin from a back-turned spur on

the quadrate just behind the articular extremity. This spur projects ventrad. mediad and

caudad, and carries the fine tendon of origui of the rauacle quite clear of the depressor mandibulae,

the cephalic head of which lies against its concavity. The tendon of origin begins as a fine

thread and then becomes a ribbon which gives place to muscle fasciculi only after it has passed

the posterior margin of the interhyoideus. The muscular part of the structure is extremely thin,

little more than a single layer of fibres. These broaden out behind the interhyoideus and lose

their identity on the surface of the anterior end of the rectus abdominis close on either side of

the mid-line.

I am unable to homologize this muscle with any in the fishes. Innervation not determined.

Stage B. {Figs. 77, 78.)

Until the pectoral girdle is developed no changes in the musculature take place which caU

for description. The tadpoles of this (B) stage have, all of them, both limb-girdles developed.

There is, however, so little change in size that the presence of the limbs alone serves to distinguish

them from stage A before they are dissected. The mouth is as in stage A.

Intermediate stages display changes in the muscles which permit one to speak with confidence

of the changes recorded in this. Those intermediate stages, it is beUeved, will be readily visualized

by comparison of this with stage A.

Fig. 77.

—

Mixophyee tadpole, stage B.—Ventral aspect.

The Csv.la, though but very sHghtly increased in size, now shows quit-e clearly its muscular

character.

The Csv.lb is somewhat broader antero -posteriorly but is not appreciably thicker.

The Interhyoideus also is changed only in that it is broader.

The Dilator hyoidei is unchanged, as also are the two heads of the depressor mandibxdae.

The muscles of mastication present one particularly mteresting change. The depressor

labii superioris longus has become slightly shorter and it has acquired an insertion into the upper

surface of Meckel's cartilage in front of that of the temporalis, as well as having still its original

insertion into the superior labial cartilage. The temporalis muscle also is shortened sUghtly.

The masseter is definitely enlarged. The remaining muscles of mastication are unchanged.

The subarcuales recti and transversi are imchanged.

The single interbranchial muscle is now definitely composed of muscle fibres, and the second

and third interbranchials are recognizable at the same stage as this was observed in stage A.

The Coraco-branehialis now extends caudad to an insertion on the coracoid just medial to

the glenoid cavity.

The Levator hyoidei is thicker than in stage A.

The Superficial Dorsal Branchial constrictors are also more definitely developed muscles,

in that they are thicker and more compact.

The Constrictor Pharyngei is also thicker and now reaches nearer the mid-line.

There are now recognizable four muscles behind the branchial cavity. (These are semi-

schematically represented in Fig. 78.)

The first of these is the Omo-hyoideus (Fig. 78. Omo.). It is a narrow ribbon of fibres

which arise from the posterior wall of the cavity close to the ventral end of the fom-th branchial

cartilage and passes caudad to be inserted on to the scapula just laterally to the glenoid cavity.



TITE EVOLUTION OF THE SKULL—KE8TEVEN. 149

The second is the CucuUaris (Fig. 78, Cu.). This is now much increased in thickness and is

inserted on to the dorsal surface of the scapula laterally to the joint.

The third is the muscle which, in the adult, is the dorso-Iaryngeus. It arises under cover of

the origin of the cucullaria and runs ventrad on the surface of the posterior branchial wall to

terminate just laterally to the origin of the omo-hyoideus.

The fourth, and last, of these muscles (Fig. 78) arises from the ventral surface of the sktill

medially to the origins of the last two. It is a thin, relatively broad, baud of muscle fibres which

pass mediad and ventrad on the posterior branchial wall, near its dorsal limit, and ends thereon

ventrally to the pericardium. The point of termination of this band of muscle fibres is near the

middle of the curve of the fourth branchial cartilage but somewhat closer the mid-line. This

band of fibres ultimately gives rise to the muscles which I have designated cranio-hyoideus and
cranio-hyoideus anterior, two of the three posterior petro-hyoid muscles of Gaupp. These

muscles are already indicated by incomplete divisions of the band of fibres.

The superficial ventral branchial constrictor sheet (Csv.3) is now more definite, it appears

almost as a continuous sheet instead of as a wavy network of fibres as in stage A.

The Genio-hyoideus muscle has increased in width and almost reaches its fellow of the other

side at the mid-line. It is also much shorter and terminates behind in a short tendon which is

inserted into the hypobranchial copula.

The tiny genio -glossus, recognizable in earlier stages as a brightly stained tissue condensation,

now appears as a definite muscle. It arises from the inferior labial cartilage superficially to the

genio-hyoid on either side of the submentalis and terminates in an irregular brush of fibres amongst

the tissues of the floor of the mouth, passing dorsad between the two genio-hyoid muscles to

reach that tissue.

The Quadrato-abdominis muscle has disappeared.

The Infraspinatus and levator-scapulae muscles are recognizable. Though small, they

are already quite as in the adult.

The final stages in the metamorphosis of these muscles into those of the adult frog have been

studied in three later stages of Mixophyes and in a very complete set of stages in the development

of Lirnnodynaates. It has been possible to compare stages in the development of the smaller

Limnodynastea with stages A, B, C, D and E of the larger tadpole. This comparison revealed a
very complete similarity and enabled one to use these stages as " mile posts " in the wider

comparison.

The Csv.la gives rise only to the small compact submentalis of the adult.

The Csv.lb extends first caudad on either side of the mid-line giving rise to the C8v.lb^

then later, as the lower jaw lengthens backwards, a deeper layer of this muscle is carried back
by the elongating lower jaw, and it is this which gives rise to the Csv.lb^.

The Interhyoideus gives rise to the muscle which I have designated Csv.2, and which Gaupp
terms the subhyoideus. No change is found in this muscle until the hyoid cartilage commences
to assume definitely its elongated, curved and slender adult form. When this is first initiated

the interhyoideus appears to become broader at the expense of its thickness, and its origin is

carried dorsad, and caudad with the curving upper end of the stylohyal cartilage. This change

commences after the tail has shrunken to about one-third of its full size. The final stages in the

C.ph

Fig. 78.

—

Mixophyes tadpole, stage B.—Lateral aspect.

M
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development of this muscle are those during which it increases in thickness and becomes folded
on itself as described in the adult.

The Cav.3 appears to be entirely aborted. It is, however, possible that some of its anterior
fibres are incorporated along the posterior margin of the Csv.2.

The Dilator Hyoidei is another caducous muscle. As the point of articulation of the lower
jaw is carried posteriad the muscular antorbital process is gradually reduced in size, and just
before the last stages in this transportation the hyoid cartilage loses its articulation with the
inferior surface of the process and becomes attached loosely to the ventral surface of the auditory
capsule. The dilator hyoidei becomes progressively reduced in keeping with the reduction of the
muscular process, and finally disappears rapidly just prior to the alteration in the attachment
of the stylohyal.

The Depressor mandibulae is developed directly from the two heads already present in

stage A.

0 Ad.l.s.

Fig. 79,'—Four illustrations to show different origins of the same muscles in flalies.

The origin of the Pars Cephalognathica spreads so as to occupy the whole of the posterior
edge of the muscular process under cover of the levator hyoidei. When the process has been
transported caudad, this head of the muscle extends dorsad and caudad across the interval

between the process and the auditory capsule to reach the site of origin it has in the adult.

The origin of the Pars Notognathica also is carried caudad as the hyoid articulation to the
subocular arch is carried back. When the hyoid plate of the tadpole is transformed into the
stylohyal cartilage of the adult this head of the muscle loses its origin from the cartilage and
retains its superficial position, the origin being transferred to the subcutaneous deep fascia as
in the adult.

The muscles of mastication change their direction as the jaw articulation is carried backward
and slightly laterally.

The Depressor Labii Superioris Brevis has completely lost its identity in stage C of Mixophyes
in which the mouth is just beginning to extend back and along the side of the skull, and whilst

the superior labial cartilages still function as the upper jaw.

The Depressor Labii Superioris Longus retains its insertion into the upper labial cartilage

until that disintegrates and is absorbed. This takes place very rapidly just after the tail has
been completely absorbed and the tiny frog has left the water. During the change the animals
are very lethargic and lie hidden beneath stones and other cover at the water's edge. For this

reason I failed to observe the transition amongst the specimens of Mixophyes and was only
successful with the Limnodynastes by fortunate chance. Several specimens at this stage of
development were washed out whilst cleaning up the aquarium late in December, 1933.
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After the upper labial cartilages are absorbed, the long depressor of the upper lip becomes

partly incorporated with the TemporaHa but, even in the adult, it is still readily separable as a

superficial and lateral portion of that muscle.

The Pterygoideus and Temporalis alter only in their changed direction ; the former becomes

the Pterygoideus of the adult. The Massetericus retains its primitive origin from the muscular

process till that is aborted ; it then gains an origin from the inferior edge of the post-orbital bar

and from the inferior and anterior margin of the tympanic annulus.

The Quadrato-mandibularis (Masseter) and Masseter minima first maJce their appearance

whilst the last half of the tail i.s being absorbed, and they were found from the first in the situation

they occupy in the adult frog.

The whole of the subarcual muscles are caducous, and they are aborted when the branchial

skeleton is metamorphosed into the hyoid apparatus. A third subarcualis rectus and a second

subarcualis transversus are developed at the time the fore limbs are formed but before they are

protruded, and at this time the three interbranchial muscles are also fully developed.

The metamorphosis of the branchial skeleton is also accompanied by the complete abortion

of the levator hyoidei, and the superficial dorsal branchial constrictors.

At this time also the Constrictor Pharyngei extends further mediewi, meets its fellow of the

other side behind the larynx and some of its fibres obtain a point of origin on the posterior horn
of the hyoid skeleton.

The three petro-hyoid muscles also reach the adult condition as the branchial skeleton is

metamorphosed, whilst the hyo-glossus appears and reaches the adult form and the genio-

hyoideus becomes divided up izito the component parts of the adult during the same period.

The laryngeal muscles of the late tadpole consist of a dorao-lari»Tigeus and a Sphincter

Laryngei, this latter being incomplete anteriorly and dorsally.

In addition to these the posterior fibres of the constrictor phary ngei are inserted into the

same tissue as the ant-erior ends of the sphincter.

COMPARISON WITH NEOCERATODVS AND THE FISHES.

Watson {1926, pp. 194-5) wrote : "The extremely close resemblance between the Dipnoi
and the Urodela, a resemblance covering the respiratory and circulatory systems, the urogenital

apparatus, the brain, the skull, the histology and the embryology throughout, indicates them as

the first fishes to be considered in the search for the Amphibian ancestors.

" These resemblances are specifically between the Dipnoi and the Urodela, they appear
most strikingly in a comparison of Lepidosiren with a perennibranchiate Urodele, and are not
nearly so pronounced if Ceratodus be compared with a frog or a Ccecillian."

This insistence on comparison with adult fonns and the neglect of the larval stages of the
remaining Urodeles and of the Anura is peeuUar. Watson is probably correct in his statement
on a later page of the same work that the aquatic amphibians are in all probability descended
from teiTestrial forms. But that he should overlook the fact that the aquatic forms may be
regarded as having beezi arrested at one of the stages of development common to all Amphibia is

regrettable. Had he not done so he would have found the Dipnoi to be compgu-able with all the
recent Amphibia, with the possible exception of the aberrant Caeciliane. Even in the latter,

as we shall see later, the adult structures of the head indicate quite cleai'Iy that they too are

compai-able with those most primitive amphibiatis, the Dipnoi. Watson's description of Neo-
ceratodus as a modem fish " ie quite incomprehensible.

The muscles of the aniiran tadpole present a somewhat bewildering resemblance to the Dipnoi
on the one hand and to the fishes on the other.

Let us consider first the muscles of the mandibular segment. The aubment^ilis is unquestion-
ably completely homologous with the similarly named muscle of the bony fishes. Behind this we
find a very well defined intermandibularis equally unequivocably homologous with that of Amia
or Polypterus. On the other hand, this last muscle is as clearly homologous with the inter-

mandibularis of the Dipnoi. This is the more apparent when the t^adpole muscle is compared
with that of the 19 mm. larva of Protopterus {vide Edgeworth, 1926, plate IV, fig. 19). The
Dipnoans, howe\^er, have no aubmontahs muscle.

Whilst the muscles of mastication may be broadly divided into two main groups, those
arising medially to the rami mandibularis and maxillaris V, and those aiising laterally thereto a&
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in the Dipnoi, there has been a remarkable division of tlie latter group of muscles which can only

be compared with that which has taken place amongst the fishe-s.

We may begin by recognizing as probably completely homologous the muscle having its

origin medial to and in front of the nerve in all of these forms. It has been consistently designated

the PterygoideuB in ©very description.

Several modifications of the M. levator labii superioris were obser\'^6d amongst the Selachians.

These are apparently illtistrative of possible stages in the conversion of that muscle into the

pterygoid adductor of the lower jaw. These were observed and described in vwious members

of the Selaehii and confirmed, it appeared, m the Holocephali and Neoceratodus. At the time of

my study of the muscles of Callorhynchus (Kesteven. 1933) I was particularly struck with the

fact that the masticatory muscles of the generality of the bony fiahea might be divided into three

components, which were then designated adductor labii superioris, retractor anguli oris and

adductor mandibulae. The figures which were then published are reproduced again here (Fig. 79).

They depict four stagea in the change of the origin of the pterygoid muscle from anterior to the

orbit to behind it. In all four instances the ramus mandibuluris of the Vth nerve lies between

the parts of the pterygoid muscle below and the tempore-masseteric muscle superficially'.

. In the tadpole the Pterygoideus muscle retains its primitive origin medial to the nerve

and, as in the Dipnoi, it passes forward to its insertion on the lower jaw anterior to the point

where the nerve crosses the jaw. Rosombliiig in its origin also all those fishes which retain the

primitive origin of the muscle.

The Temporalis is either the adductor labii superioris or the muscle which, in the work on

CallGrhyncMis, I designated the retractor anguli oris. The insertion of this latter miiscle is, in

the great majority of the bony fishes, into the lower jaw and, per medium of a more or less definite

tendinous condensation of the maxillo-manchbidar fascia, into the maxillo-labial bone as well.

It now becomes clear that the origin of this muscle in the tadpole lateral to tlie nerve, and

its dual insertion into both Meckel's cartilage and into the superior labial cartilage should be

interpreted, in the light of our present knowledge, as indicating not only the complete homology

of the muscle with part, at least, of the M, tempore-massetericus of the bony fishes, but also the

complete homology of the superior labial cartilage of the cartilage of the tadpole and the maxillo-

labial bone of the fishes.

These homologies are of particular interest as confirming the views already expressed that

the labial bones of the fishes are not homologous with the maxillae and premaxillao of the

tetrapods.

The homologies of the remainder of the muscles of mastication of the tadpole with those of

the fishes are not subject to separate detenuination. The most that can be said at present is

that they are. as a whole, to be regarded as derivatives of the M. adductor mandibulae.

The recurrence of the division of the adductor muscles of the jaw into two groups by the

emergent rami of the Vth nerve, which was observed throughout the fishes, must surely be

regarded as inherited by both fishes and amphibians from a common ancestor. If this be a

reasonable assumption, it constitutes a complete justification for the opinion expressed in the

laat paragraph.

In the hyoid segment there are in the tadpole the interhyoideus, dilator hyoidei, the levator

hyoidei and the depressor mandibulae, and, of these, the first and laat give rise to adult muscles,

the other two are entirely caducous.

Comparison with the larval Protopterus leads to the suggestion that the muscle which is here

designated the levator hyoidei is that which Edgeworth terms the levator hyoidei. and if that

be so. and if Edgeworth's identification be correct, then that which I have designated dilator

is identifiable as the superficial dorsal hyoid constrictor. The interhyoideus is, apparently

without doubt, homologous with the similarly named muscle in the Protopterus larva.

It ia probable that the muscle which I have designated the Csv.3 is homologous with the

constrictor hyoidei of Edgeworth's description. Edgeworth accepts the statement of Rudge

that the muscle in question is innervated, in Protopterus, by the ramus hyomandibularis VII.

Though unaVile to state so definitely, I am of the opinion that in the tadpole the Cav.3 is innervated

by twigs from IX and X.

The superficial and deep ventral hyoid constrictors have been so exceedingly modified in the

bony fishes that comparison of the tadpole muscles with them is difficult. This is the more

ao in view of the fact that the whole of the interhyoideus muscle becomes, in the tadpole, converted

into a superficial constrictor in the adult, whilst in the bony fishes the primitive single muscle
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becomes developed into superficial and deep muselea. The very definite attachment of the

muscle in the tadpole, to the lateral end of the hyal cartilage, would appeal' to be evidence that

we have to deal with a true interhyoideus, as we know that muscle in the elaemobranch fishes,

and that the posterior portion of the pars primitiva, which gives rise to the superficial mxiscle in

the elasmobrancha, ia not developed in the tadpole at all.

If it should subsequently be shown that the Ctiv.3 is really a caducous C8V.2, then it will

also have been proven that the supei-ficial voniTal hyoid constrictor of the adult frog is developed

from the interhyoideus, and is a deep constrictor which has acquired a superficial situation in

replacement of the lost posterior portion of the pars primitiva ventralis hyoidea.

In the branchial segments we may first of all discuss and dismiss those muscles whose
homologies are apparently quite clear. Tlie musculi marginales are without reasonable doubt
completely homologous with the interbranchial muscles of the Dipnoi and Ela-smobranchs. The
subarcualia obliqui and recti are also fairly certainly homologous with the similarly named
muscles in the Dipnoi and bony fishes.

Although in the tadpole there is but one single slip representing the several present in both

the Dipnoi and the Elasmobranchii, there is no reason to doubt that this single slip is homologous
with one or other of the components of the coraco-branchialis.

The homology of the muscles which I have designated supei*ficial dorsal branchial constrictors

is by no means clear. In their situation on the wall of the branchial chamber, which is essentially

an opercular fold, they would appear to be hyoid muscles and comparable with the dorsal end

of the hyoid constrictor of the Holocephali and Dipnoi. On the other hand, they very definitely

do not appear to be innervated by the Vllth nerve and they are quite definitely placed more
deeply. They arise, not from a deep fascia, but from the edge of a cartilaginous shelf, the meta-
pterygoid process, which stands out behind the quadrate, and above the branchial chamber.

Now whilst this process is quite clearly not in any way homologous with that which overhangs

the branchial cliamber of the Dipnoi^ one cannot entirely overlook, and disregard, the fact that

it has come to occupy that situation. This gives rise to the suggestion that the muscles may be
the lovatores arcuum branchialium. It will be remembered that there is good reason to believe

that the branchial levators are to be regarded as the deepest portion of the primitive constrictor

sheet dorsally ; it is therefore not surprising that it should be difficult to decide, as the sheet is

progressively reduced, just which part remains. It may, however, be observed that in the most
primitive Elasmobranchs the branchial levators ai-e found to continue the deep constrictors

dorsad ; they are, as it were, the dorsal continuation of the interbranehial muscles. In the

tadpole the musculi marginales, which wo have seen to be homologous with the interbranehial

muscles of the olasmobranch fishes, are placed more deeply than those which I have designated

the superficial dorsal branchial constrictors.

In the Axolotl we shall find that the muscles which have been designated the branchial

levators are definitely more superficially placed than the muscuH marginales of the Axolotl.

There appears every reason to believe that these muscles of the Axolotl are homologous with the

muscles under discussion. In the Axolotl they arise from the fascia dorsalis, the deep fascia,

and therefore arise in similar manner to the superficial constrictors of the elasmobranch fishes.

Although the evidence is not conclusive, it is believed that the designation which I have

given these muscles is more eoiTect than it would be to designate them branchial levators.

RanA.

After the work on the development and adult anatomy of the cephalic musculature of the

Australian frogs had been completed I received ten stages in the later development and meta-

morphosis of Rana pipens from Professor H. W. Norris. I have again to express my gratitude to

him for his eontinnod assistance. My work on the Amphibia is based very largely on material

he has presented to me.

The youngest of these is a tadpole, fully grown, with small h'md legs and very small fore-

limbs tucked deeply beneath the surface. The most advanced has but a mere stump of a taU,

the mouth, relativ ely, is of adult size ; the last (almost amorphic) remnant of the gill filaments

remains as a strand of tissue in front of the pectoral girdle on each side. In short, metamorphnsis

is almost complete. The other eight stages ai^ ijitermediate between these, and each is slightly

more advanced than the one before it. They are in fact a thoughtfully selected series of the moat
instructive stages in the late steps of the development of the cephalic and eapiti-pectoral muscles.
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Being of large size these specimens were all good dissection subjects, and they were excellently

preserved. Befoi*e di*?ection they were carefully skinned and then stained with picric acid.*

These ten stages* have been proaerved, after dissection, in my collection and are marked

Rana pipem, Nos. 1 to 10.

Thoy are so ea*5entiaUy similar bo comparable stages in the development of the Australian

fro^ that it were almost mere repetition to describe them. This essential similarity permits

one to believe that the description which has been given on the previous pages of the development

and metamorphosis of the cephalic and capiti-pectoral muscles may be accepted as being applicable

to the Anura generally,

Tho metamorphosis of the mandibular muscles is very clearly presented in stages 4 to 10.

It is not-eworthy that all the divisions of the adductor miiscles of the lower jaw found in Mixophyea

and Hyla are to be found here with even greater ease than in those forms. The depressor labii

superioris brevis is better developed. In stage 10 all the rauaclea elevating the lower jaw of the

adult Australian frogs are quit« well developed.

The ventral constrictors develop just as in Mixophyea,

The levator hyoidei is rather weaker in Bana than it is in Mixophyea ; its evanescence is

presented in the four stages 5 to 8.

The migration of the two heads of the depressor mandibulae is quite clearly shown in stages

6 to 10, and in stage 9 the last semi-transparent remnants of the dilator hyoidei are to be seen

posterior to the tympanic annul us, superficial to the depressor. EarUer stages in its absorption

are seen ui atagoa 8 and 7.

The M. interhyoideua develops as in the Australian frog. Beliind the interhyoideus, and

separated from it by a marked interval, there is, in stages 1 to 6, the muscle which I

have designated the inferior branchial superficial constrictor. In Rana this muscle arises from

the dorsal fascia behind the skull at the mid-lateral line as a narrow ribbon. The fibres diverge

slightly, so that, at their insertion into a raphe at the mid-ventral line, the muscle is broader

than at its origin.

In no case can 1 detect any inner\'ation by twigs wandering caudad from the interhyoideus.

The muscle is entirely caducous ; its reduction and final disappearance without ever making

contact with the interhyoideus is quite strikingly presented in the stages 5, 6, 7 and 8.

The position of this muscle in this series appears to confirm my identification.

In Rana there is no question whatever that the muscles which I identified, in the Australian

frogs, as tho superficial branchial dorsal constrictors are completely caducoiLs. They are rather

more weakly developed than in Mixophyes, but are still at their full development at stage 5.

Now at this stage the crowding together of the branchial arches, characteristic alike of the Holo-

cephali, Teleostei and Amphibia, has placed the long axis of the gill slits riglit across the path

these muscle fibres would have to take were they to grow do\^^l to reach the outer ends of tho

fibres of the constrictor pharyngei, and moreover the first gill slit extends well posteriorly to the

posterior margin of the muscle fibres in question. From stage 5 to stage 10 one observes the

gradual closure of the gill slits and the absorption of the gill filaments. They close from before

backwards one aft-er the other. The two edges are brought close together and partial closure

results in a row of small perforations along the lijie of closure ; later the perforations are closed.

In stages 6 and 7 the gill clefts are almost completely closed and the gill filaments form a crowded

spongy-looking mass between the posterior margin of the interhyoideus and the pectoral girdle.

In stage 7 the superficial dorsal branchial constrictors have lost their staining properties to a

slight extent, as all the muscles do as they commence to be absorbed. The strand of muscle

fibres which is to give rise to the anterior petro-hyoid muscles is seen passing ventrad and mediad

behind and deep to the degenerating gill filaments. In stage 8 the dorsal superficial constrictors

have faded to a shadow and have acquired the semi-transparent appearance of late absorption

stages. The anterior petro-hyoid muscles are differentiated from the common strand. The

degenerating gill filaments form a narrower, more compacted, granular-looldng mass.

* Experience lias taught me tiiat dissection apecimens which have beeu staiucd in picric acid should be very

thoroucthly washed with several changes of spirit before being put away to keep. If this precaution is not taken they

tlarlten very much and tho difTerential staining U almost entirely lost, all the tissues turning a dark bronze-green.

I hiive also found tliut a ttetter differential colouring is obtained by staining with carnnno flrat and with picric acid

aflerwarda, tJian b obtained witli picr*>carraiue mixtiues, but great care mu^t be taken that the carmine stain is very

light ; for dissectiun purposes carniine A-ery readily overMtains in the absence of the picric acid.
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The development of the Omohyoideus in Rana is aa in Mixophyesy as also is the development
of the Cucullaria.

3, The Urodeic Larva. (Figs. 80-82.)

The following description and the illustrations are based upon a numerous collection of

Axolotls for which my thanks are due to Professor H. W. Norris. Not only have I to thank him
for the collection of AxolotLs and adult Amblystoma tigriniim, but he has also given me seta of
serial sections, cut in all three planes, of larvae from 6 mm. to 47 mm. in length.

The dissected specimens varied in length from 8 to 16-5 cm. and showed no noteworthy
differences in their musculature.

In larvae six to ten millimetres long there is not sufficient differentiation of the mesoderm
to permit of the identification of the muscle plates with any degree of confidence. In those

measuring thirteen to fourteen millimetres in length, practically all the muscles of the largest

lar\'ae are recognizable. The differentiation of the mesoderm into the muscles apparently

takes place very rapidly between the ten and thirteen millimetre lengths.

THE MUSCLES OF THE MANDIBULAR SEGMENT.

The Submentalis, Cev.la (Fig. 80), appears in the 13 mm. larva as a compact Httle bundle
of transverse fibres placed immediately behind the anterior tips of Meckel's cartilages. This
muscle alters with age only by increasing in size, at no time is there any median interruption of

the continuity of the fibres from side to side. The origin is from the perichondrium of Meckere
cartilage in the larva and from the periosteum of the dentary in the older specimens.

The Intermandibularis, Csv.lb (Fig. 80), is also developed in the 13 mm. larva, and has the

form it retains throughout life. On each side it arises from the cartilage, or bone, of the lower

jaw for almost the whole length of the lower jaw, forming a complete intermandibular sheet.

The fibres are inserted in the mid-line into a raphe.

Che. Csd. At. sc.

Fig. 80.—^The Axolotl.—Lateral aspect of the subdermal muscles.

The adductor muscles of the lower jaw are not so much differentiated as in the anuran
tadpole, only three being recogziizable.

The Pterygoideus (Fig. 80, Pt.) is the muscle which previous writers have designated

temporalis ; LightoUer alone has recognized that it was not correctly so designated, and he

recognized that it is really a pterygoid muscle.

The muscle has an extensive origin from the side and dorsum of the cranium in front of

the quadrate, and above and medial to the auditory capsule so far back as the posterior dorsal

ridge of the skull. In front the origin of the muscle extends forward of and above the orbit.

From this extensive area the fibres converge to a tendon which is inserted on to the inner and
upper edge of the mandible in front of the insertion of the temporaHs.

The Temporalis Muscle (Fig. 80, T.) arises from the surface of the quadrate and auditory

capsule between the depressor mandibulae and pterygoideus muscles. Its origin rises to a point

at the level of the lateral intermuscular septum a little in front of the origin of the superficial

dorsal constrictors and the apex of the area of origin of the depressor mandibulae. The fibres

are gathered to an insertion on to the outer surface of the mandible close to its upper margin
just a short distance in front of the joint. This insertion is effected by a very short tendon.
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The Quadrato-mandibularis arises from the quadrate and auditory capaule under cover of

the temporalis and laterally to the deeper portion of the pterygoideus. The insertion is into the

iimer surface of the upper edge of the mandible a short distance behind the insertion of the

temporalis, with the ramus mandibularis V, penetrating between the dentary and Meckel's

cartilage, placed between the two insertions. The fibres of the temporalis muscle have a general

direction from above ventrad, cephalad and laterad, but they do not tend cephalad as acutely

as the fibres of the underlying quadrato-mandibularis, which latter are thus recognizable from

those of the more superficial muscle by the difference in direction, as well as by the fact that the

ramus mandibularis V lies, in part of its course, in the cleavage plane between the two muscles.

The presence of this muscle has apparently not previously been discovered.

Innervation.—All three of the muscles of mastication are itmervated by twigs from the ramus

mandibularis V as it passes between them.

The Course of the Rami of Nkrves V and VII.

The situation of the main divisions of the Vth and Vllth relative to the skull and the muscles

ia of interest and will be quite briefly reviewed.

The V-VII ganglionic mass is found partly embedded in the anterior wall of the auditory

capsule close to the lateral wall of the neurocranium. From this ganglionic mass the two main

divisions, V and VII, depart, the former antero -laterally, the latter postero-laterally.

The Nervus Trigeminus.—The first ramus to leave the trunk of the nerve is the ophthalmicus

profundus. This runs forward along the inner wall of the orbit close to the floor. The maxillan,''

ramus and ramus ophthalmicus auperficialis next depart together. There is no reason to doubt

that the ramus raaxillaris is joined by the ramus buccalis VII in the Axolotl, as it is in Siren,

and that a ramus ophthalmicus superficiaUs VII joins the ramus ophthalmicus superficialis V.

Non-is designates the combined trunks " infraorbitalis " and " supraorbitalis " in Siren (1913,

p. 283).

The two nerves course alongside one another laterad and dorsad between the origin of the

temporalis muscle and the anterior wall of the auditory capsule, posterior wall of the orbit, and

come into view together beneath the skin high up behind the orbit. They turn forward at once

over the surface of the pterygoideus muscle. The ophthalmicus superficialis courses directly

forward above the orbit. The maxillary nerve turns ventrad across the muscle and then runs

forward along the upper margin of the upper jaw below the orbit.

From the point of departure from the common nerve trtmk of these last two rami the

remainder of the Vth nerve, the ramus mandibularis, coui'ses ventrad and slightly forward between

the quadrato-mandibularis deep to it and the pterygoideus superficial to it, then between the

quadrato-mandibularis and temporalis. Between the insertions of these two muscles it tiuiis

ventrad across the external, lateral, surface of Meckel's cartilage between it and the internal

surface of the dentary bone. It thus reaches the ventrimi of the mouth and breaks up into its

terminal branches, which radiate mediad and forward from this point.

The Nervus Facialis.—The rami ophthalmicus superficialis and buccalia are, without reason-

able doubt, incorporated with the last two rami of the Vth nerve.

The Ramus Palatini is given off close to the ganglion and courses straight forward beneath

the cranial floor after a short course ventrad, mediad and forward.

I have not found the ramus alveolaris which Norris describes, but do not regard my failure

as evidence of the absence of the nerve.

The main trunk gives off a relatively largo communicating branch, the lateralis components,

to the IX-X ganglion and then the large ramus hyoideus ; this, after a short course laterad and

ventrad between the otic process of the quadrate and the cephalic head of the depressor

mandibulae, turns backwards tlu-ough that muscle and reaches the surface of the interhyoideua

behind it and is distributed to structures on the ventrum of the mouth.

The two rami mentales are bound together for a short distance. After their separation

they course together laterad and slightly dorsad between the quadrate and the cephalic head of

the depressor mandibulae, and come into view beneath the skiji fairly high up along the exposed

margin of the quadrate. The ramus mentalis internus now runs down and forward along the

exposed edge of the quadrate and then turns forward along the lower jaw. The ramus mentalis

extemus curves backward around the margin of the depressor mandibulae and then runs ventrad

and slightly caudad on the surface of that muscle near its anterior margin. Finally it turns
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forward behind the insertion of the muscle and crosses the muscle in a cephalo-dorsad direction.

It crosses superficially to the ramus mentaUs internus behind the angle of the mouth and runs

forward in the upper lip to just in front of the orbit where it receives a commianicating branch

from the ramus maxillaris V-VII. I hav^e failed to find that branch of this nerve which, in

SireUf runs along the ventral border of the lower jaw, or, it may be, I iiave failed to find the

ramas mentalis internus, but if the latter, then the division of the ramus mentalis into two

branches certainly takes place as just described. I have traced these nerves in several specimens.

THE MUSCLES OF THE HYOID SEGMENT.

In the 9-10 mm. larva the hyoid mesoderm forms a complete plate in which the differentiation

into muscle plate and procartilage is not obvious, and in this respect it resembles the mesoderm
of the remaining cephalic segments. It is, however, believed that certain more closely gathered

strands of colls, which are slightly more granular and placed nearer the mid-line on each side, are

to be regarded as the ectoderm from which the cartilage will later develop. There is certainly

no division of the primordial muscle plate into its later components. In the 13 mm. larva

(Fig. 81) the hyoid musculature consists of (1) a thm sheet of transverse fibres which extends

from the posterior margin of the Csv.lb to the posterior edge of the opercular fold and extends

upward on each side to the dorsal limit of the fold, arising from the deep subcutaneous tissues

in this situation, and inserted into a median raphe ventrally, (2) a compact bundle of fi( res which

arise from the tissues dorsally to the end of the dorsal end of the hyoid cartilage and extend

forward and ventrally beneath that cartilage to be inserted into its anterior tip, and (3) the

depressor raandibulae.

The Csv.2 (interhyoideus of Driiner) is the continuous sheet, whilst the compact diagonal

muscle is the Interhyoideus (cerato-hyoideus externus of Driiner),

In the larger Axolotls one can distinguish two portions of the Csv.2.

The Csv.2a (Fig. SO).—The anterior and major portion of the ventral superficial hyoid

constrictor is very similar to the Csv.lb. It arises from near the dorsal end of the cerato-hyoid

cartilage behind the jaw, and its fibres pass ventrally and forward, from above and posterior to

the mandible, and then mediad and forward to be inserted into the median raphe. The great

obliquity of the more anterior fibres carries them forward deep to the posterior half of the Csv.lb

at their insertion. As these fibres come forward and ventrally from above and behind the

posterior end of the jaw they have a very deceptive appearance of arising from the inner surface

of the jaw itself.

The C8v.2b (Fig. 80).—This posterior portion of the hyoid constrictor aiisea from the super-

ficial surface of the interhyoideus muscle behind the mandible and also from the dorsal tip of

the first epibranchial cartilage. In the older larvae the two muscles are fused, but in the smaller

it is possible to dissect the C8v.2b free from the interhyoideus right up to the tip of the epibranchial

cartilage. The fibres of C8v.2b are parallel with those of C8v.2a and are inserted behmd them
into the median raphe. The most posterior fibres lie in the free edge of the opercular fold.

The Depressor Mandibulae in the 13 mm. larva presents (Fig. 81) a pars cephalognathica

(Pc.) which is a compact bundle of fibres that pass almost directly dorsad to their origin from
the coimective tissues above the postero-lateral corner of the auditory capsule, and a very short

and much smaller little bundle of fibres, the pars notognathica (P.n.). which arise from the cerato-

hyal cartilage just behind and a little above the posterior end of Meckel's cartilage. Both parts

are inserted into the posterior end of Meckel's cartilage.

In the larger larvae the muscle presents only a pars cephalognathica. This arises from the

dorsum of the skull behind the auditory capsule and in Vme with the intermuscular septum between
the dorsal and lateral trunk muscles. Some of the posterior fasciculi arise from the comiective

tissue of the gill cover ventrally to the superficial dorsal branchial constrictors, and in front of the

origin of the posterior fibres of Csv.2b. This, however, is only found in the largest specimens.

The insertion of the muscle is on to the outer surface and posterior end of the mandible behind
the joint. In the largest specimens (Fig. 80) tlie insertion is by a short stout t-endon on to the

extreme posterior end of the mandible.

The Interhyoideus (Figs. 80-82).—This is the muscle which has been designated cerato-

hyoideus externus by Druner (1903) and other observers. The muscle arises from the deep fascia

close to the dorsal end of the first epibranchial cartilage jvist posterior to the top of the first gill

oleft. It passes ventrad and cephalad in the opercular membrane, along the ventrxun of the
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ceratohyal, to bo inserted into that face of the cartilage from the angle thereof to the anterior

tip. The two muaclea do not meet in the mid-Une.

Innervation.—The muscle is innervated by twigs from the ramus jugularis of the hyoid trunk

of the Vllth nerve.

MUSCLES OF THE BRANCHIAL SEGMENTS.

The Superficial Dorsal Branchial Constrictor muscles (Fig. 80, Cad,) number four. They

are narrow bands of fibres which arise close together from the lateral intermuscular septum and

fascia dorsalis behind the depressor mandibulae. From their origin they pass with var5dng

degrees of obliquity to be inserted into the free edge of the opercular membrane between the

branchial septa. The first of these passes deep to the dorsal end of the Csv.2b to reach the base

of the first external branchia, the second and third reach the bases of the second and third external

branchiae without passing beneath any other muscle, the fourth, Cad. 6, ends in the free edge of

the membrane ; there is no foxzrth external branchia.

Innervation.—Twigs of the IXth and Xth nerves were traced to those muscles in the larger

larvae.

The Interbranchial Muscles (Musculi marginales) (Fig. 82, Mm. 1-3) or first, second and

third branchial muscles of Drxiner, arise from connective tissues close to the tips of the second,

third and fourth epibranchial cartilages and pass thence, parallel to the interhyoideua, to be

inserted, the first into the base of the first epibranchial cartilage, the second and third along the

length of the respective interbranchial septum, between the second and third epibranchial

cartilages and the free edge of the septum. The second is shorter and more slender than the

first, and the third than the second. Each of these muscles, at its insertion, is apparently in

continuity with one of the dorsal superficial constrictors, but closer examination discloses that

whereas the constrictor is i>laced quite superficially across the roof of the branchial chamber,

these are placed on the deep side of the opercular membrane and pass more deeply as they extend

ventrad and mediad.

Innervation.—These muscles are innervated also by twigs of the IXth and Xth ner\'es.

The Constrictor Pharyngei (M. transversus ventralis of LightoUer) (Fig. 82, C.ph.) appears

in the larger larvae as a single muscle, but in the smaller larvae, from 40 mm. to 13 mm., there

is a definite division of the muscle into anterior and posterior positions. According to Driiner

the muscle represents fourth and fifth interbranchial muscles.

In the larger larvae it arises on each side from a little more than the middle third of the

length of the fourth epibranchial cartilage and passes mediad to meet its fellow of the other side.

The insertion along the mid-line is into the posterior one-half of the elongated basibranchial

cartilage and into a median tendinous strand for a similar distance behind it. The muscle is a

good deal broader antero -posteriorly at its insertion than it is at its origin.

Innervation.^it has not been possible to find the motor nerves to this muscle in any of the

dissections. On the other hand, in a very fine series of horizontal sections of a 30 mm. larva

stained with iron haematoxylin, it has been possible to trace the nervus intestino-accessoriua

and to observe its division, and finally to follow the ramus intestinalis recurrens sufficiently far

to feel confident that the innervation of the muscles by this nerve in the Axolotl is probably aa

described by Norris (1913) in Siren lacertina.

The Dorso-laryngeus Muscle arises from the lateral intermuscular septum and fascia dorsalis

immediately behind the fourth dorsal superficial constrictor and superficially to the antero-dorsal

corner of the origin of the cucullaris. It passes ventrad and comes to lie parallel with, but deep
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(dorsal) to the posterior margin of the constrictor pharyngei and follows these around to be

inserted into the median raphe on the floor of the pharynx just in front of the larynx. The fibres

of this muscle are absolutely continuous from origm to insertion. Stained and cleared

preparations show no sign of any interruption across the muscle.

Inrisrvation.—This is probably by twigs from the nervus intestino-accessorius as in Siren.

Hypobbanchial Mttscles.

All these muscles are innervated by the ramus intostinalis recurrens. Norris (/.c.» p. 233)

points out that there ia here an invasion and capture of the territory of the primitive poat-trematic

rami of the branchial nerves by this nerve, which, he says, is accordingly much enlarged.

The Subarcualis obliquus 1 (Fig. 82, S.a.r.^).—-This is the muscle which, following Driiner,

writers have designated the cerato-hyoideus internus. I have made use of the above designation

in order to preserve in the nomenclature its homology with the muscle in the fishes and Dipnoi.

It arises from the ceratohyal close to the insertion of the interhyoideus, and passes backwards

and slightly laterad to be inserted on to the ventral surface of the enlarged base of the first

epibranchial cartilage.

Fig. 82.—'The Axolotl.—Ventral aspect of the branchial skeleton

and its muscles.

Innervation.—This is by a twig which leaves the post-trematic branch of the glossopharyngeal

nerve just before it passes beneath the muscle. Norris states that in Siren there is also a motor
supply to this muscle from the ramus intostinalis recurrens. I have not found this second motor
nerve, but would not imply that it does not exist.

The Subarcualis Obliquus 2 (Fig. 82, S.a.o.) arises from the outer end of the first cerato-

branchial cartilage and is inserted in two separate bundles of fibres into the proximal end of the
second epibranchial cartilage. This is the subarcualis obliquus of Driiner and others.

Innervation by the Xth nerve is as described by Norris.

The Subarcualis Rectus of Driiner (Fig. 82, S.a.r.) is clearly composed of three small muscles
which are confluent along their contiguous margins. They arise from the bases of the first,

second and third epibranchial cartilages and are inserted alongside of one another into the base
of the fourth epibranchial.

Innervation is the same as that of the last muscle.

The Hypobranchial Spinal Muscles.

The Genio-hyoideus is a narrow muscle which arises from the mandible just laterally to the
submentalis and passes directly caudad, beneath the superficial ventral constrictors, to be inserted

on to the anterior edge of the short cornu of the elongated rod-like basibranchial cartilage, and
to be then continued caudad by a similar but much shorter section which arises from the posterior

edge of the same cornu and is inserted into the first tendinous inscription of the rectus abdominis.
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The Claviculo-hyoideua (Fig. 80, Co-hy-br.) muscle has bean designated by previous writers

the orao-arcualis and the procoraco-aroualis ; I have preserved in my designation its homology

with the muscle in the Dipnoi and bony fishes.

The muscle arises from the inferior surface of the basihyal, the inner ends of the first and

second ceratobranchial cartilages, from the side of the elongated, rod-like basibranchial and both

surfaces of the small comua of that cartilage. The muscle walls-iii the pericardium below and

on both sides, it increases rapidly in bulk posteriorly, is interrupted twice by tendinous inter-

aoctions just in front of the shoulder-girdle, and finally merges completely with the metamerically

interrupted abdominal muscles, under cover of the shoulder-girdle.

The Genio-gloBSus muscle arises on each side from the mandible deep to the submentalis

just to one side of the symphysis. It is composed of a narrow ribbon of fibres which pass directly

caudad to be inserted on to the anterior edge of the posterior cornu of the basibranchial cartilage.

These two comua are so completely clothed by the coraeo-branchialis that the genio-hyoideus

appears to be inserted on to the ventral surface of this other muscle.

The Capiti-pectoral Muscles.

The Infraspinatus and Latiasimus Dorai muscles are included here in order to estabUsh the

position and relations of the Cucullaris and Attrahens Scapulae muscles.

The Cucullaris (Fig. 80, Cu.) arises from the lateral intermuscular septujzi and fascia dorsalis

at the level of the septum immediately behind the last superficial dorsal constrictor, its anterior

fasciculi being deep to the dorso -laryngeus muscle. The muscle is not very broad at its origin

and the fibres converge to a fine tendon which is inserted into the scapula just above the glenoid

cavity. This insertion is covered by the lower end of the infraspinatus.

The Attrahens Scapulae (Fig. 80, At.Sc.) arises by a fine tendon from the postero-ventral

edge of the crtmium just laterally to tlie origin of the lateral trunk muscles. The muscle expands

into a tlmi narrow ribbon as it extends directly backwards, with a slight inclination ventrad,

beneath the cucullaris and dorso-laryngeus to be inserted into tlie anterior margin of the supra-

scapula. At its insertion it is covered by the cucullaris.

The Infraspinatus {Fig. 80, S.sp.) arises from the suprascapula along its dorsal edge and

passes down to be inserted into the outer side of the humerus near the head of the bone.

The Latissimus Dorsi (Fig. 80, L.D.) arises from the fascia dorsalis at the level of the lateral

septum ventrally to the fifth, sixth, and seventh dorsal myomeres. From this relatively broad

origin the fasciculi converge to a thin broad tendon which is inserted on to the inner side of the

humerus opposite the infraspinatus.

COMPARISOX WITH THE ANURAN TADPOLE.

The muscles of the mandibular segment.—The ventral superficial constrictors differ oiily m
that the Csv.lb is moro extensive in the urodele than in the anuran lai-va.

In the identification of the pterygoidous I have been guided by the relation of the muscle

to the ramus mandibularis V. The muscle resembles that of the anuran tadpole in this relation,

but differs in that it is inserted in front of the temporalis. This is a return to the more primitive

situation of the two insertions relative to one another which was observed in the elasmobranch

and many of the bony fishes.

It seems probable that we should be correct to regard the temporalis muscle of the modele

larva as containing in its posterior portion the fibres which form the masseter of the later anuran

tadpoles. At no stage in the development of these muscles was a definite retractor anguli oris

or depressor labii superioris observed in the lu'odele larva, though in sections of the 13 mm.

larvae an antero-dorsal group of fibres of the temporalis have the appearance of being inserted

into the tissues of the lip at the aide of the mouth, but it is possible that tliis is only due to the

forward bulging of the belly of the muscle above and in front of its insertion. On the whole it

appears wiser to assinne that the anterior portion of the temporalis which functions for a while

as the depressor of the upper lip in the anuran larva is never so developed in the m odele.

The quadrate -mandibularis of the urodele must be accepted as representing the masseterieus

as well as the quadrato-mandibularis of the tadpole.

The superficial ventral constrictors in the hyoid segment present a partial return to the

condition of these muscles in the fishes.
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A typical Csv.2 is developed as in the elasmobranch fishes and Dipnoi. This forms a con-

tinuous sheet beneath the branchial arches juat as in the Dipnoi, but is not interrupted by any
skeletal structures on either side as it rises to its origin from the fascia dorsahs. In the older

Axolotls the extent of its origin is reduced by the relative backward growth of the lower jaw.

Deep to this Csv.2, there is developed the muscle which has been designated the cerato-

hyoideus externus. Although the muscle fails to reach its fellow in a mid-ventral raphe, its

development from the deeper and anterior portion of the hyoid muscle plate leaves no choice in

the matter ; we are practically compelled to recognize this as homologous with the interhyoideus

of the elasmobranehs and with part, at least, of the protractor hyoidei of the bony fishes.

4. Perenni branchiate Urodele.

Necturus (Figs. 83-84).

The following description is based on the dissections Necturus macidaius. This dissection

has been carried out with Wilder'a account of the muscles of the head of Siren lacertina (1891)

and Norris's account of the Cranial Nerves of the same species (1913) open beside me. It will

be found that, in the main, the muscles of Necturus are similar to those of Siren, and the Axolotl.

MUSCLES OF THE MAXILLO-MANDIBULAR SEGMENT,
The Submentalis is, relatively, a smaller muscle than in the Axolotl.

The Intermandibularis is essentially the same.

Wilder has confused the posterior portion of this with anterior part of the C8v.2a. He
describes an intermaxillaris anterior which includes the Csv.la, Csv.lb and the C8v.2a. The
gap which he describes between the fibres of his intermandibularis anterior laterally is quite

obvious in both the Axolotl and Necturus, but it lies between the posterior margin of the Csv.lb

aJid the anterior margin of Csv.2a.

The muscles of mastication are remarkably massive.

The Temporalis (Figs. 83-84) (Masseter of Wilder, and of Norris, who in the main adopts

Wilder's nomenclature).—The three portions which Wilder describes are not recognizable in

Necturus, nor is it possible to recognize any boundaries whereby one may determine the portion

of this muscle which should be regarded as homologous with the quadrato-mandibularis of the

Axolotl. The origin of the muscle is extensive ; it is from the whole of the lateral surface of the

skull behind the foramen for the V-VII nerve trunks. This area comprises the anterior surface

of the quadrate, where that lies upon the otocrane, the anterior otocranial wall medial to the

quadrate, and the lateral one-half of the dorsum of the skull. Medial to the muscle lies the

Fig, 83.~JV^c;wr«ft\—Lateral aspect of the more superBcial muscles. The
M. temporalid has been detached from ita origin and turned down.

pterygoideus muscle, and between them a strong fascial partition which Wilder designated the
ligamentum intermusculare anterius. The median fibres of the temporalis muscle arise from the
outer surface of this fascia almost as far forward as the posterior boundary of the orbit. The
fibres arising from the fascia form a small antero-median portion of the muscle which is separated
from the rest by a cleavage plane which, however, does not extend the full depth of the muscle.
The posterior, and main, mass of the muscle bulges backward and ventrally beyond the posterior
limit of its insertion and this portion covers, almost completely, but is in no way attached to.
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the depressor mandibulae. Deep within this part of the muscle there is a tendon, as described

by Wilder, into which the fibres are inserted. The fibres of the antero-median portion of the

muscle are attached to the median border of this central tendon towards its deep margin. The

tendon emerges from the anterior edge of the muscle immediately below the orbit and is inserted

into the tip of the low coronoid process of the mandible and then runs along the upper and outer

edge of the mandible, becoming blended with the deep fascia of the lower lip and perichondrium

of the jaw.

It is not found possible to define any clean or nearly clean cleavage plane in this muscle,

which would indicate tlie possible boundary between components comparable with the temporalis

and quadrato-mandibularis of the Axolotl.

Innervation.—The motor supply to this muscle leaves the main trunk of the Vth nerve

actually before the various rami have separated. Doubtless, microscopic examination would

reveal that it is a branch of the R. mandibularis.

The Pter^'goideus.—This muscle was described by Wilder as the temporalis. As in Siren,

two parts of the muscle can be recognized dorsally.

The Pars Posterior (Fig. 83, Pt.p.) is the smaller part. It arises from the dorsal median

intennuscular septum (ligamentura intermusculare mediale, of Wilder), the fascia covering the

anterior end of the dorsal trunk muscles and a small area of the dorsimi of the skull just in front

of the origin of these last muscles. The muscle has a central tendon into which the fibres ore

inserted. Those arising from the intermuscular septum are inserted into the median surface

of the tendon, those from the other origins into its outer surface. The muscle tapers as it passes

roatrad, laterad and ventrad ; from its anterior apex the tendon issues and continues in the same

direction to become attached to the imier surface of the tendon of the temporalis muscle in front

of all its fibres and just above and behind the insertion into the conoroid process of the jaw.

Innervation.—Just where the tendon ieauew from amongst the muscle fibres this muscle

passes directly dorsad of the foramen prootieum from which the Vth and Vllth nerves issue.

The motor twig to the muscle rises directly from the crowded branches of these nerves as they

issue from the foramen. Doubtless it comes from the R. mandibularis V, but this could not be

demonstrated by dissection.

Pars Anterior (Fig. 83, Pt.a.).—This is very much the larger part of the muscle and has an

extensive origin. It arises from the dorsvun of the skull from medial to the auditory capsule

posteriorly, forward, till its anterior margin lies above and medial to the anterior bormdary of

the orbit ; also from the sloping lateral surface of the anterior process of the parietal bone, which

extends forward laterally to the frontal to reach the low antorbital prominence. This latter,

however, really lies a little posterior to the anterior boimdary of the ej'e. A third area of origin

is situated below the second and extends neither so far forward nor so far back. This area is

the sulcus in frout of the ophthalmicus profimdus and optic foramina and the upper surface

of the OS transversum lateral to the sulcus.

The whole of the fibres are gathered to a short, relatively broad, tendon which is bound to

the inner siirface of the mandible for a short distance iu front of the joint. The anterior fibres

and anterior margin of the tendon pass below the eye to this insertion.

Innervation.—^This also ia by a nerve which was traced only to the closely packed branches

of the V-VIt complex in the opeiung of the foramen prootieum, again doubtless a branch of the

R. mandibularis V.

The deep portion of this muscle, that arising from the sulcus in front of the ophthalmicus

profundus foramen, is very certainly the muscle which Norris illustrates and identifies as the

pterygoideus (Norris, I.e., Figs. 10 and 11). Although it is separated from the rest of the muscle

by a slight gap at its origin, along which the deep ophthalmic and optic nerves run, it is not

possible to separate the fasciculi from those of the rest of the muscle without dividing the fasciculi.

It is not possible to regard this portion as a separate muscle, but it is of particular interest as

foreshadowing the division of the pterygoid into the partes internus and extemua which will be

fomid in the reptiles. It is probable that this is the muscle which Wilder describes as the pterygo-

maxillaris, although it ia markedly different from the muscle in Siren as he describes it. It is

very definitely not wrapped around the uiferior surface of the mandible at its insertion to become

subdermal as he describes. Norris depicts the ventral end of the muacle in Siren and shows it

subdermal (Norris, I.e., Fig. 11).

The ramus mandibularis V, when it leaves the foramen prootieum, tunis sharply laterad

and slightly dorsad and then turns ventrad through the temporahs muscle, a good deal closer
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to the deep surface than to the superficiaL It reaches the upper edge of the ramus of the lower

jaw behind the meertion of the temporaUs and then turns forward along the jaw. It follows

from this that the whole of the pterygoid muscle lies medial to the nerve. The composite

supraorbital is and infraorbital is truriks also issue from the foramen prootictira, they run directly

forward with but a very slight inclination dorsad on the lateral surface of the pterygoid muscle

medial to the ligamentum intennuKCuIare anterior, the one turning laterally at the posterior

boundary of the orbit, the other medially and dorsally, to pass one below and the other above

the orbit.

MUSCLES OF THE HYOID SEGMENT.
The ventral constrictor sheet is essentially similar to that of the larger Axolotl. It will be

remembered that in the smaller of those the Csv.2b could be traced dorsally to the upper end of

the cerate -hyoideus extenms, but that in the larger specimens this was not possible. In Necturus

the origin of the Cs\'.2b is from the fascia covering the cerate -hyoideus externuH, intorhyoideus,

along a line which rims horizontally caudad from the posterior end of the lower jaw to the root of

the first external branchia, that is to say, which crosses the interhyoideus juet where it turns

dorsad behind the angle of the jaw. Wilder (1891) designates the Csv.2 intermandibularls

posterior ". Driiner (1903) terms the Csv.2a the " interhyoideus and the Csv.Sb he calls the
*' cephalo-dorao-pectoralis " or sphincter colli.

Innervation.—Norris says that the branch of the R. mandibularis V which pierces the ramus

of the jaw divides into anterior and posterior divisions after its emergence on the inferior aiad

internal surface thereof. He further says that the posterior division im\ervates the posterior

portion of the interraandibularis posterior and the anterior portion of the interhyoideus. That

the interhyoideus should be innervated by a branch of the Vth nerve was quite unexpected and

a very careful search was made for this posteriorly trending division. It was found, on both

sides of my specimen, that the nerve divided, very soon after its emergence from the mandible,

into anterior and posterior divisions, but the posterior division passed almost directly mediad,

with but a slight trend caudad, and on both sides it was found to terminate before the very

definite break between the anterior margin of the Csv.2 and posterior margin of Csv.l was reached.

The ramus jugularis of the Vllth nerve was traced, just as Norris describes, on to the Csv.2

below the interhyoideus, cerato -hyoideus externus, and was found to send branches back to its

posterior margin as well as forward nearly to the anterior margin.

The Depressor mandibulae (Digastricus, Wilder ; Cephalo-dorso-mandibularis, Driiner).

—

This muscle is more compact than is that of the Axolotl, the two parts are well defined.

Pars Cephalognathica (Fig. 83, P.c).—^Tliis arises from the back of the suspensorium and

the otocrane ; it is a narrow muscle deeper than it is broad. Insertion is by a short tendon,

common to both parts of the muscle, into the posterior end of the mandible. The upper half of

the deeper sm'face of this muscle is closely knit to the levator hyoidei. Wilder apparently failed

to recognize this fact and describes the two together as the anterior portion of the digastricus.

Pars Notognathiea (Fig. 83, P.n.).—The origin of this more massive part of the mxiscle is

from the top of the first epibranchial cartilage and from a strong branchio-cephalic membrane
which forms the roof of the anterior part of the branchial chamber. This membrane is attached

in front to the postero-inferior edge of the suspensorium and otocrane medial to it and, extending

horizontally backward, is boimd to the upper half of the first epibranchial cartilage. The inferior

sixrface of the skull immediately in front of its line of attachment forms the roof of the mouth,

and this membrane carries the mucosa of that roof to the first branchial arch. The fibres of the

muscle pass rostrad and ventrad to their insertion.

Innervation.—The pars cephalognathica is iimervated by a branch fi-om the hyomandihular
tnmk of the Vllth which divides to supply this muscle and the levator hyoidei. The nerve to

the pars notognathiea comes from the ramus jugularis. I only find one such ; Norris describes

two in Siren.

The Levator Hyoidei (Fig. 83, L.hy.) is a small compact muscle which ai-ises from the back
of the otocrane and the branchiocephalic membrane deep to the upper end of the pars cephalo-

gnathica of the last muscle. The fibres are inserted into a thin tendon which is continued ventrad

to be inserted on to the back of the ceratohyal just below the tip.

Innervation.—This is, as already described, by the same branch of the truncus hyo-

mandibularis VII as innerv'ates the muscle which covers it.
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This muscle is of some interest on account of its presenting a partial fusion of the levator

hyoidei and the para cephalognathica of the depressor mandibulae. Although intimately knit

to the more superficial muscle it may be separated, leaving clean cleavage surfaces. The tendon,

however, is more closely bound to the deep margin of that of the depressor, though here also

there was found a very definite narrow band of lighter texture between the two, indicating quite

clearly the line of imion.

Edgeworth describes and illustrates this muscle in mm. embryos of Necturus, He
believed it to be a transient stage in the development of the depressor mandibulae (1911, p. 215).

It is also present in Siren (Driiner and Norris).

The Interhyoideus (Fig. 83, C-H.e.) (Cerato-hyoideus extemus, Milder, Norris and Driiner).—

This arises from the ventral surface of the ceratohyal, the area of origin extending from close to

the inner, and anterior, end of the cartilage back to behind the posterior end of the mandible.

The insertion is on to the spur of the first epibranchial cartilage just lateral to and below the

origin of the pars notognathica of the depressor mandibulae and from the branchio-cephalie

membrane just in front of the cartilage. The muscle is remarkably massive and bulges backward

beyond its surface of origin. The deep surface of the muscle is clothed by a membranous tendon

into which the fibres arising from the ceratohyal are inserted and wliich is itself inserted into the

branchio-cephalie membrane. The fibres inserted into the epibranchial cartilage arise from a

dense superficial aponeurosis.

Innervation.—By a branch from the ramus jugularis VII after that for the pars notognathica

of the depressor mandibulae has been given off.

The cerato-hyoideus internus (cerato-branchiahs) is not one of the hyoid muscles, it is

described below as the subarcualis rectus I.

THE MUSCLES OF THE BRANCHIAL SEGMENTS.

These have been described by Driiner and by Wilder ; the synonymy is as follows :

This work. Druner. Wilder.

Subarcualirt rectus (I) Ceratohyoidem internua Ceratohyoideua internus

Subarcualla recti II-IV Subarcualia recti Constrictor arcuum branchialium

Superficial dorsal branchial constrictors Levatores arcuum branchialium Levatores arcuum

Subarcualia obliqui Subarcualia obliqui Protractor arous ultimi

Interbrauchiales. Branciiiales. Bepressores Branchialium.

Mm. marginales liiterbranchialis III Hyo-trachealis

Constrictor pharyngei InterbranchiaUs IV Dorso-trachealis

Dorso-laryngeus Dorso-laryngeus A and B Dorso-laryngeus

The Subarcualis Rectus I (cerato-branchialis) arises from the posterior stirface of the median

end of the ceratohyal and from the basihyal alongside of it. The muscle is a small flattened

spindle of fibres which pass almost directly caudad with a slight inclination laterad to be inserted

into the distal end of the first ceratobranchial and median end of the first epibranchial.

Inyiervation (After Norris).—By a combined nerve formed by anastomosis of terminal motor

twigs of the post-trematic rami of IX and of the second branchial nerve, this latter being a branch

of the Xth.

The Superficial Dorsal Branchial Constrictor muscles are four in niunber ; they arise from the

fascia dorsalis along a curved line which commences in front at the postero-dorsal comer of the

superficial surface of the pars cephalognathica and extends caudad with a convexitj' dorsad to

the antero-dorsal corner of the suprascapula and infraspinatus muscle. The fibres of the first

muscle pass nearly horizontally caudad to be inserted on to the tip of the first epibranchial above

the origin of the pars notognathica.

Innervation.—This is apparently the muscle, of which Norris describes the iimervation,

under the designation second branchial levator. He describes the first levator as being iimervated

by the first brancliial nerve, ramus post-trematicus IX. This holds true for the deep levator of

the first arch. The first superficial dorsal constrictor is iimervated by a branch of the second

branchial nerve, Xth.

The Second Constrictor is inserted into the tip of the second epibranchial cartilage. Its

fibres have a direction aUnost directly ventrad and laterad. Like the other three the muscle ia

wider at its origin than at its insertion.

Innervation.—A branch of the second branchial nerve.
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The Third Constrictor is inserted into the tip of the third epibranchial. Its fibres have a

general direction laterad, ventrad and caiidad.

Innervation.—A branch of tho second branchial nerve.

The Fourth Constrictor is inserted into the strong membrane which, attaching the third

branchial arch to the body dorsally, forms the lateral part of the roof of the branchial chamber

between the last arch and the trunk muscles. Its fibres have a general direction nearly

horizontally rostrad.

Innervation.—This appears to be double. I find, as Norris describes, a twig from the second

branchial nerve and also one from the large truncus intestio-accessorius as it curves ventrad

beneath the muscle ; Norris also describes this second motor twig.

The Levator Arcus Branchialium I {Fig. 84, L.a.b.).—So far as I can ascertain, the true

character of this muscle has not previously been recognized. Apparently Wilder noted the

muscle, for he writes that the first levator has a direction, in Siren, different from that of the rest,

but that it had a much deeper origin and somewhat deeper insertion than the other muscles

escaped his observation.

Eig. 84.

—

Necturus.—The same as Fig. 83, but with the Mm. depressor mandiljulae

and interhyoideus detached and turned down.

The muscle arises from the postero -internal and dorsal corner of tho auditory capsule

immediately medial to and above the uppermost comer of the origin of the pars cephalognathica,

lateral to the posterior edge of the cranial origin of the first transverse spino-capitis muscle, under

cover of the lateral margin of the first longitudinal dorsal myomere and the origin of the first

superficial dorsal constrictor. The muscle is a relatively stout, short bundle of fibres roughly

square in cross section ; it arises by a very short flat tendon and swells very rapidly. The

direction from its origin is caudad, laterad and ventrad deep to the upper end of the pars noto-

gnathica, and under this muscle it contracts again, its fibres being inserted into a narrow flat

tendon which is inserted into the upper end of the anterior and external siirface of the first

epibranchial cartilage on a level with the top of the origin of the interhyoidous.

Innervation,—The ramus pre-trematicus of the IXth nerve passes laterad and ventrad deep

to the muscle and sends several exceedingly fine fibrils into its deep surface
;

just where these

end it was quite impossible to determine, they were much too fine to trace. The ramus post-

tromaticus winds caudad and laterad around its median and external surfaces and then passes

ventrad across, superficial to the tendon of the muscle. The motor twigs to the muscle are

given off as the nerve lies against the median surface.

The Interbranchial Muscles.—These are so essentially similar to those of the Axolotl that

no further description is called for.

The several small muscles related to the outer ends of the epibranchial cartilages which

were described by Wilder in Siren wore not found in Necturus.

The subarcualia recti, including the first (cerato-hyoideus internus) are essentially sunilar

to those of the Axolotl.

The Constrictor Pharyngei arises from the fascia dorsalis innnediately behind, and in contact

with, the fourth superficial dorsal constrictor, from the membrane into which that constrictor

is inserted, immediately ventral to its Ime of insertion and from the third epibranchial cartilage.

N
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There in little doubt that tloia extensive sheet represents the dorso-laryngeus and the third and

fourth interbranchial muscles of Driiner. The insertion is into a mid-ventral raphe, and extends

back so that the posterior fibres run directly transversely and ventrad from origin to insertion.

Innervation.—By twigs from the trimcus inteatio-aoce-:soriu8 of the Xth.

The Capiti Pectoral Muscles do not call for description ; they are similar to those of the

Axolotl.

5, Review of the Branchiate Amphibians.

Following the study of the anatomy and development of all the branchiate adult and larval

amphibians except the Caecilians, a general survey seems desirable.

The next section of this paper will bo devoted to the study of the adult anatomy of the

Anura, Caducibranchiate Urodelea and the Caecilians. In these we shall have left behind most

of those structures which, in tetrapods so far studied, have served us as identification marks

whereby to determine homologies as between these and the fishes. So far we have been studying

more or less fish-like animals, and in the Dipnoans and larval amphibians we believe we have

identified, in much modified form, not a few of the primitive muscles of the elasmobranch fishes ;

most of these wUl later be found further modified in the abranchiate amphibians and the higher

tetrapods.

Before passing to these more modified forms it is proposed to ireview again the muaclea, and

discuss the homologies adopted.

At the outset a general statement may be made, which applies to the arguments and evidence

generally, in order to save repetition later.

Throughout the whole of this work it has been accepted as a fact that muscles which are

innervated by the motor division of the same nerve are all of them to be regarded as having been

developed from the primordial muscle plate of the segment to which that nerve belongs. There

are, of course, exceptions to this generalization, and, where those exceptions are recognizaVjle,

they have been noted. In the great majority of instances the truth of the general proposition

has been specifically demonstrated. So much is that so, that one has felt justified in assuming

its truth in those instances where one met muscles whose liomologies were to be determined, but

whose development was not known in stages early enough to establish, beyond doubt, their

segmental origin ; the levator hyoidei of the anvu'an tadpole is an instance in illustration of this.

In such cases, however, one has never had to rely only on the innervation of the muscle

to determine its segmental origin. There has always been, in addition, the relation of tho muscle

to skeletal structures and/or a comparable muscle in one or more other forms to which one was

able to appeal.

The Muscles of the Mandibula-B Segment.

On the ventrum of the head it has been foimd that the mandibular muscles of the primitive

and larval amphibians are essentially similar to those of the fishes, and that there has been

surprisingly little alteration in tbe muscles when compared, not with those of the bony fishes,

but with the more primitive elasmobranchs. Already, in one or two of these, the ventral

mandibular superficial constrictor showed a dixasion into a submentalis and intermandibuJaris.

It wiJl be remembered that in not a few of the elasmobranchs this muscle, in its posterior portion,

extended dorsally superficial to the ramus of tbe lower jaw. This condition was pa-rticxilarly

noted by Ligbtoller, who designated it the Csv.lb or pars extramandibularis. There is no trace

of any pars extramandibularis in the amphibians we liave studied, nor, be it noted, was there in

any one of the bony fishes.

Of the dorsal mandibular muscles of the elasmobranchs there apparently remain in tho

amphibians only derivatives of the mandibular adductors. The levator maxillae superior (L.l)

and the first dorsal superficial constrictor (Csd.l) do not appear to havo persisted in any form at

alb* Ligbtoller is of the opinion that the L.l persists as the pterygoideus muscle of tetrapods
;

this question has already been discussed, and it will be returned to after we have described the

adult anatomy of the Amphibians.

* It may, however, be suggested that, since the extrinsic muscles of the eye-hall, levator bulbae and palpeliral

muscles, etc., are innervated by the Vth nerve, and by the mandibular ramus thereof, this is evidence tliat tliey are

derivatives of the mandibular muscle plate. So far the argument is probably sound, but it might be further argued

that their dorsal situation mdieates that they may be regarded as derivatives of the missing dorsal nuiscles. This

suggestion is tempting, but the question is complicated by the presence of both extrinsic eye muscles, and the two

dorsal muscles in certain of the Selachians.
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Further discussion of the rest of tho derivatives of the adductor mit&oles of the primitive

fishes is also reser\'ed till later.

The MuscrEs of the Hvotd Segment.

It will be remembered that in the elasmobranch fishes there wore, in this segment, superficial

dorsal and ventral constrictors, deep constrictors, dorsal (the interbranchial muscle, Csd.2a or
pars quadrate-hyoidea of LightoUcr) and ventral (the interhyoideus), and the levator hyoidei.

In the amphibians the hyoid muscles are depressor mandibulae, levator hyoidei, interhyoideus
(the cerato-hyoideus extemus) and the ventral superficial constrictor. In the Dipnoi there is,

in addition, a dorsal superficial constrictor and a retractor mandibulae, the depressor mandibulae.

The Depressor Mandibut,ae.

This muscle is of particular interest because it has generally been regaided as the forerunner
of portion of the digastricus of the higher vertebrates. Lightoller has recently expressed the
opinion that it is to be regarded as a composite muscle developed from the pars quadrato -hyoidea
and the levator hyoidei, the pars eephalognathica being derived from the levator hyoidei and
the pars notognathica from the pars quadrato-hyoidea ; a somewhat similar, but not so expHeitly
expressed, opinion was held by Driiner and by Gaupp.

It appears, however, that the pars eephalognathica may, itself, be a composite muscle.

LightoUer'a conclusions were founded on a study of the muscles of the AxolotI and adult
Megalobatrachusy in neither of which has any levator hyoidei been preserved. It woxild appear
that he was iinaware of the fact that a le\'ator was present in some, at least, of the perenni-
branehiate urodeles, and, so far as I am aware, there had been at that tune no record of its transient

development in the anuran tadpole ; I believe that my discovery of this muscle is a definite

contribution to the subject ; 1 can find no previous mention of the muscle.*

There appears no reason to doubt that I have correctly identified this little muscle, although
I have not been able to trace it back to the stage where it is separated from a primordial hyoid
muscle plate. It is very clearly innervated by the Vllth nerve and is attached on the one hand
to the skull and on the other to the upper end of the ceratohyal. Further, there is a veritable

levator hyoidei developed in Sireii and in Necturus.

It can be stated quite confidently that the levator hyoidei of the anuran tadpole is a caducous
muscle and that it takes no part in the formation of the depressjor mandibulae in the Anm-a.
I have been able to observe the development of the one and the gradual disappearance of the
other, and at no time does the posterior margin of the depressor come into contact with any portion
of the lev^ator ; there is always a considerable gap between tho two muscles.

On the other hand, I have observed in the 13-14 mm. larva of the AxolotI {Amhlyatmna
iigrinum) that a few of the deeper fibres of the pars eephalognathica of the depressor are inserted

into the tip of the ceratohyal. These few fibres may be regjirded as a very transient levator

hyoidei, but the pars eephalognathica Ls at this stage a well developed muscle, and these few
fibres form but a very small portion of the whole.

In Ncclurusy and presumably also in Siren, the levator hyoidei is related to the pars eephalo-
gnathica precisely as this little transient muscle is to the larger in the larx'^al AxolotI, and the two
muscles are iimervated by twigs of the one branch of the Vllth nerve. In Necturus, however,
the levator maintains its identity thi'oughout life, its tendon being bound to that of the cephalic

head of the depressor.

There is no levator hyoidei in the adult Anura, nor, so far as is known at present, in the
adult caducibranchiate and cryptobranchiate urodeles.

But if the levator is not a contributor to the cephalic head of the depressor mandibulae in

the Anura, whence comes the definite duality of the depressor ?

Since the muscle is very evidently not developed from the levator in these amphibians it is

to them one must look for the explanation of a duality of constitution which is exhibited in all

ampliibians, but which in some other forms appears conceivably d\ie to the incorporation of the
levators. Since the duality is clearly not due to the incorporation of the levator in the Anura
it is probably not due to that factor in those other forms.

* Edgeworth (1935, Figs. 417 and 419) reproduces two drawings from Luther in wliich this muscJe is shown and
designated Suspensorio-hyoideus.
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It will be remembered that in the amiran tadpole the pars notognathica arises from the

lateral end of the anterior edge of the ceratohyal and that this origin persists until, at meta-

morphosis, the ceratohyal becomes converted into the stylohyal.

Also it will be remembered that in the 13-14 mm. larvae of the Axolotl, this head of the

depressor was very much smaller than the cephalic head and took its origin from the ceratohyal

immediately behind tlie posterior end of Meckel's cartilage.

Now it will also be remembered that in the Dipneumona there is a retractor mandibulao

which is formed from the middle portion of the hyoid muscle plate. Edgeworth's description of

the development of this muscle has already been quoted. It is attached, in front of the doraal

portion of the constrictor sheet, to the auditory capsule.

Edgeworth quite definitely states that this retractor is not homologous with the depressor

mandibulae of the amphibia. With this statement I find myself unable to agree, in view of tho

fact that in the Anura, at least, the depressor is certamly not homologous, as he states, with the

levator hyoidei.

To my mind we have here the explanation we seek. To me it seems that the pars cephalo-

gnathica may be homologized with thin retractor of the dipneimionous dipnoaus, and perhaps with

those lateral fibres of the interhyoideus of Neocerntodus which arise from the mandible.

It further seems probable that this muscle is homologous with the pars quadrato-hyoidea

of the elasmobranehs. It was pointed out, when reviewing this muscle in the section describing

the selachian muscles, that the anterior part of the dorsal superficial sheet in the hj'^oid segment

was probably I'eally the deep constrictor forced to the surface by changes in the visceral skeleton

in its own segment and in that in front. In any case the pars quadrato-hyoidea is the most

anterior portion of the hyoid sheet, and it is just this portion which gives rise to the retractor

mandibulae of the dipnoans ; the posterior portion forms an interrupted dorso-vontral sheet

behind it.

Tliis homology, however, in view of the evidence, cannot be regarded as excluding the

possibility of the hyoid les^ator being a contributor to the cephahc head of the depressor in

tetrapoda other than the Anura. It is possible that in these last the articulation of the ceratohyal

to the raeta-pterygoid, by divorcing the levator from the rest of the muscle, introduced a

pecTdiarity into the history of these muscles wliich is not present in other tetrapods, in none of

which does the articulation of the ceratohyal and the suspensoniun occur.

The origin of the posterior part of the depressor from the ceratohyal in its early stages is of

importance in determining its homology. It is noteworthy that in the youngest Axolotls which

it was found possible to dissect, it was not possible to demonstrate the muscle at aU ; when first

it appeared it was a very narrow muscle immediately behind the jaw. As the dorsal portion

of the Csv.2b gi*ew smaller and smaller, this muscle increased in bulk. One gauied the definite

opinion that this posterior head of the depressor was developed by the transfer of the dorsal fibres

of the constiictor sheet to the mandible. Brmier was of the opinion that the depressor could be

diWded into a deep layer derived from the hyoid levator and a more superficial layer which he

derived from the eerato-lxyoideus externua. It is possible tliat ho observed the apparent decrease

in size of this last muscle, which takes place as the dorsal fibres of the more superficial constrictor

are transferred to the posterior end of the mandible, and concluded that it was an actual reduction

of the cerato-hyoideus which he observed. In my experience the interhyoideus muscle of the

amphibian is never caducous.

It is now suggested that the pars notognathica of the depressor mandibulae is derived from

the remainder of the dorsal portion of the superficial hyoid constrictor, the partes inter-

inscriptionalis and arcuata.

The phylogenetic history of the depressor mandibulae, under this interpretation, may be

regarded as being presented in two stages in the amphibians.

Stage one is the dipnoan, in which the anterior, deeper, fibres of the dorsal constrictor, the

pars quadrato-hyoidea, are modified to act as a retractor mandibulae, thus forming the primitive

pars cephalognathica.

Stage two is the more advanced, amphibian, in which the remaining fibres of the dorsal

constrictor are transferred inforiorly to an insertion on the end of the mandible and form the pars

notognathica.

Finally, it is not improbable that the levator hyoidei, which appears to have been lost entirely

by the abranchiate amphibians, may also be incorporated in the pars cephalognathica, in forms

other than the Anura.
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Edgeworth states that in certain Aniira {and Lepus) the lower end of the hyoid myotome,
after its separation from the interhyoideus, becomeH separated from the part above to form a
hyomaxillaris muscle which, later, gives rise to the inner portion (cephalic head ?) of the depressoi'

mandibulae. He further states that in the urodeles, Necturus and Triton^ a correspondmg
anlage develops into a hyomaxillaris ligament and that in the Selachii no hyomaxillaris anlage

is formed (1911, pp, 213-220).

Clearly there is some confusion here ; to begin, with, whereas there is a strong hyomaxillaris

ligament in the Axolotl, such a ligament in Necturus, and presmnably in Siren, is represented by
the conjoined tendons of the levator hyoidei and of the pars eephalognathiea and, moreover, there

is a well-defined and relatively large levator hyoidei muscle developed in these two genera. On©
is compoUed to assume that the levator in the Urodela was developed from a hyomaxillaris

anlage, as in the Anura.

My own study of the development of the depressor leads to the belief that both parts are

developed from anterior and dorsal portions of the hyoid myotome. At their first appearance
in the youngest urodelo larvae I have been able to recognize them in, there has been a well

developed C8v.2b extending dorsally behind them. Further than this in those forms there has
been a well developed Csv.2a ventral and medial to the two parts of the depressor.

The lower end of the hyoid myotome would be the mid-ventral portion, or the forerunner of

this, and the presence of perfectly typical Csv.2a and b surely indicates that it was not this

portion of the hyoid myotome which gave rise to the depressor in the amphibians.

Apparently that which Edgeworth describes was in reality the lower and anterior portion

of the dorsal part of the hyoid myotome ; maybe Edgeworth refers to the Chv.2 under the name
of "interhyoideus

Schultze describes five muscles in the upper part of the hyoid segment in anuran tadpoles
which he studied.

Their synonymy is as follows :

Schultze. This work.
Oi'bito hyoideua Bilator iiyoidei

Suspensorio-hyoideus Levator Iiyoidei

Cerato-hyo-angularis Pars notognathica \ ^ ^.^ ,

Suspcnaorio-angularis ^Pars notognutliica / I>^'P^^^««- nmndibulae

Massetcrieus (tadpole)

major
Quadrato-angularis Masseter minor y Adult

minimus }

The Interhyoideus and tuk Superficial Ventral Constbictor.

The ventral superficial hyoid constrictor sheet in the amphibians has been designated inter-

hyoideus, subhyoideus, cephalo-dorso-pectoralis, sphincter colli, posterior intermandibular,
and posterior mylohyoid muscle by different ^^Titers. The interhyoideus has been fairly

constantly designated corato-hyoideus externus.

LightoUer has homologized the anterior portion of the Csv.2 with the interhyoideus of the
selachians, and the posterior portion he regards as the homologue of the pars inscriptionalis

of the hyoi<l superficial ventral constrictor, and there is no dotibt that there is strong evidence
in support of such a view.

The anterior part of the Csv.2 in the urodeles arises on each side from the ceratohyal and the
fibres are inserted into a mid-ventral raphe deep to the Csv.l precisely as is the interhyoideus
in the selachians. Not only is this ao. but in the Anura the only superficial ventral comtri. tor
is certamly developed from a muscle which arises on each side from the ceratohyal and is inserted
into a mid -ventral raphe, is in fact developed from a veritable interhyoideus.

These facts would soom to settle the question quite satisfactorily ; but doubt is introduced
by the presence of the so-called cerato-hyoideus externus. This muscle is very definitely
developed from the deep surface of the anteiior portion of the ventral hyoid plate, as also is the
interhyoideus, not only in the selachians, but also in the teleosts. There is little room for doubt
that it is the interhyoideus which, in the teleosts, contributes the hyoid component to the pro-
tractor hyoidei. This lies deeply to the rest of the venti-al constrictor derivatives and its fibres
have a nearly longitudinal du-ection, similar to that of the cerato-hyoideus externus.
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It is demonstrable, then, that tho iiiterliyoideua muscle of the selachians was capable of

being modified so that its fibres have a nearly longitudinal direction, and its insertion transferred

from the deep surface of the Csv.2 to deeper structures. These modifications have taken place

in the teleosts.

It appears, therefore, that one must conclude that the cerato-hyoideus externus is homologous
Avith the interhyoideus of the selachians.

The alternative Ls to regard this auiphibian muscle as a quite new muscle, and to this on©
might be persuaded by the insertion of the anterior portion of the Csv.2a deep to the Csv.lb.

In this coimection it may be pointed out that the posterior portion of the Csv.lb (Csv.lb^) is

ifcaelf inserted deep to the anterior portion (Cnv-lb^) of the same muscle in the frogs.

In the Dipnoi there is an interliyoideus muscle deep to the superficial hyoid constrictor,

but there is no cerato-hyoideus externus.

Having in mind the fact that the Cav.2 of the porennibranchiate urodeles extends right back
to the posterior margin of the opercular fold, it seems that this extensive sheet may be regarded

as homologous with the partes interinscriptionalis and arouata of the selachians.

In the Anura there is no cerato-hyoideus externus. The interhyoideus has been modified

to act as a Csv.2.

The MtrscLKS of tue Branchial Seoments.

In the selachians the muscles of these segments were superficial dorsal and ventral constrictors,

interbranchial muscles, levators, epibranchial spinal muscles, epiarcualia obliqui, adductores

arcuiun Ijranchialium and coraco-branchiales.

In the amphibians generally, the following are seen : superficial dorsal constrictors, inter-

branchiales, subarouaha transversi, obliqui and recti ; in particular groups there are also one

single branchial levator, a single coraco-branohialis, and possibly a ventral superficial constrictor

sheet.

The Superficial DoiiSAL Coxstrictors and the Bkanchial Levator.

The discovery of a veritable branchial levator in Necturus may be regarded as providing

partial coiifii'mation of the identification of the so-called levators of the amphibians as the

homologiies of the supeificial dorsal constrictoi*s.

These muscles are four in number in ev^ery branchiate amphibian that has yet been studied.

They arise from the fascia dorsalis and are inserted into the subcutaneous fascia close to the

upper ends of the epibranchial arches. Both at their origin and at their insertion they are

definitely more superficially placed than are museuli marginales, and these latter are, apparently

beyond question, homologous with, the deep coiLstrictors of the branchial segments in the

selachians. In the selachians the levators are more deeply placed than the deep constrictors.

When to these facts is added the discovery of a branchial levator in just precisely the situation

of the levators in the Dipnoi and in the teleosts it would appear that we must conclude that,

except for this single levator, those muscles are not developed in any of the amphibians except

the Dipnoi. In these latter all five levators are developed, and they are deeply placed, as in the

teleosts and as in the elasmobranchs. It should be particularly noted that in the dipnoans the

museuli marginalea are continued dorsad to insertions on to the cartilaginous roof of the branchio-

pharynx, and that the levators are placed, each of them, deep to its own segmental M. marginalia.

Thk Ventral Branchial Muscles.

The various accounts which have been published describing the development of these muscles

are conflicting, and none of them agree with my own findings, so that their development is still

far from being properly understood.

It appears quite clear that the primordial brancliial muscle plates divide into dorsal, middle

and ventral portions in the amphibians as in the selachians. It is further clear that the dorsal

portion gives rise only to the superficial constrictoi's (le\^ators), that the middle portion gives

rise only to the Mm. marginaJes, and that from the ventral portion there are developed the various

ventral muscles.

The superficial constrictors in Amhlystoma very certainly give rise, at metamorphosis, to an

anterior portion of the cucullaris.

Tho Mm. marginales in all forms are completely caducous.



THE EVOLTJTION OF THE SICULL—KESTEVEN. 171

The fate of the superficial coiistrictors in the Amira is not so clear.

In the fourth branchial segment there is no M. marginalis developed in any of the ajiiphibiaiis

which has yet been studied.

In well advanced tadpoles of various anuran species I find the following unusciea : superficial

dorsal branchial conatrictors (the so-called levators), constrictor phaiyngei, omo-hyoidevi«,

cucuUaris, dorso-laryngeus, cranio-hyoideus and cranio-laryngeus.

Of the superficial constrictors there are quite certainly three, and, it may be, four. There

are no other muscles present which could possibly be interpreted as levators ".

Edgeworth (1911, p. 247) says that on the atrophy of the cerato-branehialia (subarcuolis

rectus I of this work) and Mm. raarginales, all four levators extend downwards, and their lower

ends become attached to the body and processus posterior medius of the hyoid bar.

Now, in the annra which I have studied the four muscles which are attached below as just

described are the constrictor pharyngei (petrohyoidei anterior), dorso-laryngeus, cranio-hyoideua

and cranio-laryngeus (petrohyoidei postoriores), and these are fully developed whilst stiU three,

at least, of the constrictors are short mnscles, and are not in any way changed from their early

form. Later these short muscles disappear without, apparently, contributing to the formation

of any other muscles whatsoever.

Edgeworth (I.e.) further says that in the 12 mm. larva oi Rana there is a downgrowth of the

foui-th levator forming the diaphi'agmato-branchialis lateralis of Schultze. Its upper end, he

says, becomes attached to the fourth bar, its lower end to the diaphragm, and that the cucuUaris

is formed early in metamorphosis from cells proliferated from the outer surface of this levator.

I find the cucuUaris quite extensively developed in tadpoles long before the development

of the pectoral girdle or fore limbs, and in slightly later stages a muscle, which subsequently

proves to be the omo-hyoideus, having just the attachments of the diaphragmato-branchialia

lateralis of Schultze.

It is possible that both these muscles are derived from the upper end of the fourth branchial

muscle plate.

The insertion of the constrictor pharyngei into the mid-ventral raphe and its situation

immediately behind the foiuth branchial arch leads one to identify it as the fourth subarcualis

transversus with some confidence, notwithstanding the fact that one has been able to ob.serve

it to grow downward from above. It may be suggested that there is incorporat-ed with it the

missing fourth M. marginalia, and that there has been no splitting off of the ventral moiety, which

in the other segments gave rise to the ventral muscles, so that in consequence the composite

muscle had to grow down to reach the mid-ventral raphe.

There is no muscle reaching the mid-ventral line behind this in the Ainu*a.

Driiner was of the opinion that in the Urodeles an atrophied fifth branchial segment is

present, and represented by nerve rami and muscles, behind the fourth. One notes, in conformity

with this suggestion, that in the urodeles, NecturuSf and the Axolotl, the muscle sheet which

occupies the situation of the constrictor pharyngei of the Anura is much more extensive.

It seems probable that the three posterior petrohyoid muscles of the Anura are modified

deri\^atives of this fifth segment, and that one of them represents the dorso-laryngeus of the

urodeles.

The history of the omo-hyoideus is of particular interest. There is little doubt that, in it-e

anterior part, which appeal's first, it is a derivative of one of the branchial muscle plates. Its

innervation in the adxilt by the first and/or second spinal nerve by way of the hypoglossal ner\'e,

is therefore a definite instance of the capture of a Xth nerve muscle by one of the spinal nerves.

THE CEPHALIC MUSCLES OF THE ABRANCHIATE AMPHIBIANS.
It is now proposed to review the adult anatomy of the various groups of the Amphibia,

excluding the perennibranehiato forms.

In all these the branchial skeleton has given place to the hyoid " skeleton which, variously

modified, acts as the support of the tongue tliroughout the higher vertebrata. This profound

modification of the visceral skeleton has naturally been accompanied by equally profoimd

modifications of the musculatiu'e, whose inception has already been studied in the branchiate

larvae and adult amphibians.
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Together with those which have just been studied, the further modifications which will be

met with constitute the connecting links between the primitive musculature of the fishes and that

of the tetrapods, and their comprehension is a necessary prelude to the proper understanding of

the cephalic musculature of the reptiles and the mammals.

1. The Adult Caducibranciate Urodeles.

The Adult Amblystoma.

(Fig. 85.*)

MUSCLES OF THE MANDIBULAR SEGMENT.

The Csv.la and b are similar to the muscles in the Axolotl as also are the muscles of mastica-

tion ; so much is this so that no further description is called for.

MUSCLES OF THE HYOID SEGMENT.

The Csv.2a and b are essentially as in the Axolotl. The ceratohyal has lost its connection

anteriorly and medially with the rest of the hyoid skeleton. It is now an elongated spathulate

cartilage with a ciu-ved cylindrical posterior end. This cylindrical portion curves dorsad behind

the end of the mandible and, at its tip, is attached to the hinder margin of the auditory capsule

behind, and somewhat higher than, the mandible. The C8v.2a arises from the dorsal surface of

Fig. 85.

—

Amblystoma. The muscles of the ventrum of the head.

this short posterior cylindrical section of the ceratohyal. The Csv.2b arises from the outer

surface of the depressor mandibulae. Actiially its origin is from a strong fancia, covering this

muscle, which is bound in front to the fibrous capsule of the maxillo-mandibular joint and behind

to the pectoral girdle. The gi'eater part of the fibres of the Csv.2b converge to be inserted just

behind the jaw joint.

The Pars Cephalognathica of the depressor mandibulae is similar to that of the Axolotl.

The Pars Notognathica is more extensive, and the two parts together now occupy most of the

* Tig. 85 is a slightly schematic illustration of the ventral musculature of Amblystoma. Besides the muscles

described in the text, the following structures are shown. The hyoid skeleton, 3rd C, its third cornu. The post-hyoid

ossicle, P-h.o., the coracoid of the left side turned away outward, Co., the lower end of thej^capula, Sc., the anterior

end of the rectus abdominis muscles. R.ab., the dorsal end of the ceratohyal cartilage curling to its attachment to the

back of the skull, C.hy. The anterior end of the hyo-glos3us muscle is represented as seen through the hyoid plate

and comua ; these latter are indicated, where they are dorsal to the muscles, by dotted outlines.
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position of the superficially placed dipper end of the interhyoideus and the superficial constrictors,

arising from the fascia dorsalis. This statement, it should be underBtood, is relative for, to judge

by the specimens at my disposal, there has been an actual condensation of structures in this area

so that the posterior end of the jaw is brought actually nearer the pectoral girdle and there is

much less dorsi-ventral depth.

The Interhyoideus (Fig. 85, I.hy.) now arises from the tip of the third process of the hyoid

plate. This is the longest of the four lateral prooossos ; its dorsal end lies above and behind the

point of attachment of the stylohyal to the skull. The origin of the interhyoideus is wrapped

right aroimd this cartilage, but the fibres curve so that they come to lie ventral to and in front of

the cartilage between it and the upper end of the flattened portion of the ceratohyal. The

muscle follows down the direction of the third process till it coinos to lie a little distance medial

to the posterior end of the jaw, where it turns more directly forward and gains the ventral surface

of the ceratohyal at about the nu'ddlo of its length. It is inserted on to the anterior one-third

of the length of this surface. The ceratohyal lies dorsal to the third process behind the jaw

above, and below tiiis it lies anterior.

Whether the Cerato-hyoideus anterior (Fig. 85, C.hy.a.), a tiny muscle which joins the anterior

tip of the ceratohyal to the ramus of the jaw just to one side of the submentalis, is a mandibular,

hyoid or hypobranchial spinal muscle cannot be stated. Nothing is known of its innervation or

development beyond the fact that, like the genioglossus of the Anura, it first makes its appearance

independently of any muscle except for its proxunity to the submontalis ; it may be a portion

of the genio-glossua.

No levator hyoidei is to be found ; this was, of course, not expected to be found.

MUSCLES DERIVED FROM THE BRANCHIAL MUSCLE PLATES.

Driiner found in the adult Amblystoma a cerato-hyoideus intemue, interbranchialea 4 and 5,

dorso-laryngeus, levatores arcuum branchialium 1, 2, 3 and 4, and a laryngeus ventralis.

In the specimens at my disposal no muscle was found which could be identified as a cerato-

hyoideus intemus.

Interbranchiales 4 and 5 and the dorso-laryngeus have been, it is believed, identified, as

also the *' levatores arcuum branchialium'*. Notwithstanding this agreement in the number

of the muscles it will be found that my description is radically different from that of Diiiner.

The superficial dorsal constrictors (levators of Druner) are believed to have given rise to a

cephalic head of the cucuUaris. This muscle, it will be remembered, arose from the fascia dorsalis

behind the dorso-laryngeus and with its anterior dorsal corner deep to that muscle ; this was

the condition in the Axolotl. In Necturus the superficial dorsal constrictors were foimd to

constitute an almost continuous sheet whose anterior part arises immediately above the pars

cephalognathica of the depressor mandibulae, and whose posterior margin is so closely related

to the anterior margin of the cucullaris that one has to dissect carefully to separate the two

muscles. The dorso-laryngeus is situated suxjerficially to this closely knit portion of both muscles.

In both Necturus and the Axolotl the anterior boundary of the cucullaris is just at the posterior

boundary of the superficial constrictors.

In the adult Amblystoma, the cucullaris (Fig. 85. Cu.) arises from a line which is precisely

that of the origin of the siiperficial constrictors in the Axolotl and in Necturus^ as well as from an

origin wliich is similar to the origin of the cucullaris in those forms. It is nearly three times as

wide at its origin as the muscle in the larva and in the other form.

This cucullaris of the adult Amblystoma separates itself into two portions as one liberates

it from its insertion. The anterior portion is that which arises from the line of origin of the

constrictors. This separation into anterior and posterior parts takes place, in every specimen

dissected, at the same Ime and extends down almost to the insertion of the muscle.

It is concluded that as the branchial slit is closed and as the branchial arches are meta-

morphosed into the hyoid skeleton the constrictors grew down along the branchio -pectoral

inemVjrane to a new insertion on to the scapula along with the cucullaris.

Innervation.—Though I cannot stato it as a fact, I believe that this interpretation of the

origin of the cephahe head of tlie cucullaris is further supported by its innervation. I find three

nerves entering the deep surface of the muscle. Two of thase come from a nerve which is believed

to Join the ramus inteat ino-accessorius just after its emergence from among the other branches of

the IX-X nerve complex. The nerve is very fine and I was unable to trace it in any dissection

without breaking it.
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The Dorao-laryngeus (Fig. 85, D.l.) and the Constrictor pharyngei (C.p.) present quite

altered outlines. In the Axolotl these muscles together formed, on each side, a triangular sheet

with its apex at the origin of the dorso-laryngeus and its base at the mid-line beneath the pharjTix.

In the adult this outline has been reversed, the apex now lies immediately ventral to the larynx,

where the posterior boundary of the larval muscles was, and the base extends from the point of

origin of the dorso-laryngeus forward, superficially to the cucullaris, along the same line of origin,

but not extending quite so far forward.

Along this line of origin one finds a variable nmnber, four to seven, of groups of fine strands

of faseiculi which pass ventrad and mediad deep to the upper end of the interhyoideus. These

reach the ventral surface of the pharyngeal mucosa behind the posterior comua of the hyoid.

Close to this point they are inserted into a transverse intersection, the posterior group alone not

being interrupted by the intersection. Contracted to a narrow ribbon they then pass directly

across to be inserted ventrally to the larynx.

The posterior, uninterrupted, group is constantly present ; it arises in the position of the

M. dorso-laryngeus of the Axolotl. This strand, right from origin to insertion, is separated from

tJie rest by a constant small uiterval ; it is believed to be the M. dorso-laryngeus.

The remainder of this narrow sheet of muscle fibres is homologized with the M. confitrictor

pharyngei of the Axolotl. The origin has been transferred from the last branchial cartilage to

a higher fixed point. Whilst tlius gaining in length, the muscle has lost in width.

Actually the transfer has not involved more than a short migration of the dorsal ends of the

fibres. Quite a short forward rotation, with some dorsal movement, brings the point of origin

in the Axolotl to the position of that in the adult.

The dorso-laryngeus is inserted on either side of tlie larynx, the constrictor pharyngei,

just in front of it.

Immediately behind the insertion of the M. dorso-laryngeus there is a short laryngeus

ventralis muscle (Fig. 85, L.v.). The fibres of this mxiscle arise from the submucosa behind the

larynx and curve rostrad and mediad to an insertion on each side of the posterior half of the

length of the sUt-like closed larynx.

Innervation.—This is from the tnmcus intestino-accessorius X.

It seems possible that Driiner's description of the muscles of the adult Aniblystoma really

applies to some other amphibian. Naturally I have been puzzled by the marked differences in

our two findings. To test the correctness of my own I lui\'e cleaned these muscles very com-

pletely, working under a relatively high power of the Greenough dissecting microscope ; I have

then carefully liberated them from their origins on both sides and have cut away the whole

thickness of the pharyngeal ventral floor, from in front of tlie larynx to behind the posterior

limit of the laryngeus ventralis, removing the muscles and larynx intact. The preparation was

then lightly stained with borax-carmine and studied after clearing in Spalteholz solution.

The above interpretation of the origin of the cephalic head of the cucullaris muscle and its

situation deep to the origin of muscles which must be regarded as derivativ^es of muscle primordia

more deeply placed than the superficial dorsal branchial constrictors once more raises the question

as to whether, after all, it would not be better, and more correct, to regard these last as levators.

It is admitted that their situation in the adult, deep to the constrictor pharyngei and dorso-

laryngeus, is contrary to that which should have been expected. On the other hand, in the larva

the dorso-laryngeus lies superficially to the trapezius at its origin.

Now, according to Edgoworth, the cucullaris is developed from one or more primordia split

off from the dorsal ends of the branchial muscle plates medial, that is deep, to the portions which

give rise to the superficial muscles. Volker, according to Addens (1928), has shown that in

Larus ridihundus the cucullaris is developed from split-off portions of the occipital myomeres.

It may be remembered that Edgeworth has aU-eady been quoted as stating specifically that the

cucullaris of Rami is developed early in metamorphosis from cells proliferated from the outer

surface of the fom-th levator.

All these descriptions of the development of the cucullaris ascribe its origin to primordia

more superficially placed than that of the dorso-laryngeus, which, however, is found superficially

to it. The dorso-laryngeus is uiiquestionably a deep constrictor.

Although the evidence is conflicting, and far from conclusive, I find, after my study of the

structures themselves, that the so-called "levators " of the amphibians appear to me to be

superficial muscles.
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THE HYPOBRANCHIAL SPINAL MUSCLES.

The genio-hyoideus muscle (Fig. 85, G.hy.) has increasefl in width and slightly in thickness,

otherwise it is as in the Axolotl.

The claviculo-hyoideus ia now quite clearly differentiated into three separate muacles, the

hyo-abdoininis, the hyoglossus, and the cmo-abdomino-hyoidGus..

Upon removal of the genio-hyoideus the last two muscles are brought into sight, the last

being superficial to the lateral portion of the hyo-glossus.

The Omo-abdomino-hyoideus (Fig. 85, O.A.hy.) arises from the third hyoid cornu close to

its attachment to the basihyal plate. At its origin it is a relatively thick muscle with an oval

cross section. The medial fibres pass directly caudad to be inserted into the first tendinous

inscription of the rectus abdominis, the lateral fibres swing laterally and caudad to be inserted

into the scapula just laterally to the glenoid cavity. The mtermediate fibres radiate between

these two insertions. In similar manner the fibres which are attached to the scapwia radiate

widely, the most posterior pass dii-ectly mediad and ventrad to the first inscription, the rest having

intermediate directions. When this muscle is dissected free and examined by transmitted light,

a tendinous uiscription is found running transversely across it just where the narrow anterior

portion definitely commences to widen out, and another inscription, which passes obliquely from

behind forward and laterad, commencing at the lower end of the inscription of the rectos abdominis

and ending a shoii; distance behind the lateral end of the first. Whilst these suggest a duality

of origin for the muscle—cephalic and spinal, similar to that of the omo-hyoideus of the Anura

—

since nothing is known of the early history of the muscle, one can but mention this possibility.

The muscle is fairly certaiidy homologous with part, at least, of the omo-hyoideus of the Frog.

The Hyo-glo9sus (Fig. 85, H.gl.) muscle arises actually as the ajiterior continuation of the

rectus abdominis ; it comes forward on each side of the pericardium. As it reaches the anterior

limit of the pericardium, its strands become gathered together to form a relatively stout romided

muscle. This continues forward under cover of the genio-glossus and medially to the omo-

abdoniino-hyoideus. Alongside of the origin of this last miiscle, the hyoglossus passes forward

dorsally to the inner end of the third cornu and ends by being inserted into the connective tissue

of the tongue just above the second comu.

The Abdomino-hyoideiis (Fig. 85, A-hy.) arises as the forward continuation of the middle

strip of the rectus abdominis. The two muscles lie side by aide dorsally to the posterior end of

ihe genio-hyoidei. They are short- flattened muscles which are inserted into the posterior edge

and ventral surface of the post-liyoid ossicle.*

The Genio-gloflsuB (Fig. 80, G.gl.) is a very thin sheet of muscle fibres which arise from the

inner suiface of the mandible, close to the upper edge, for a short distance on each side of the

symphysis and extend directly caudad, to end in the tissues of the tongue.

The Hyo-glossus Anterior (Fig. 86, H.gl.a.) arises by a very fine short tendon from the

anterior edge of the hyoid plate. The two muscles arise almost together at the mid-line. The

fibres pass caudafl and laterad and ternxinate in the substance of the tongue.

Innervation.—-All the hypobranchial spinal muscles are iimervated by the hypobranchial

nerve from the 1st and ITnd spinal nerves.

Plethodon and Diemyctylus,

(Fig. 80.)

Of these genera I had for dissection two specimens each of P. glutinosiis and D. viridescens.

All four specimens were in an excellent state of preservation, and permitted the dissection of the

muscles without difficulty. They were, however, all small and one was not able to determine

the mnervation of most of the muscles.

The two genera are described together because they are so essentially similar. Plethodon

m one of tho Loehriodont salamandrine m-odeles and, therefore, closely allied to Amblystoma
;

while Diemyctyhis is one of the Mecodonta, also a salamandrine. It is therefore somewhat

surprising to find that the former should so closely resemble the latter in its cephalic musculature,

and differ in quite important details from the more closely allied Amblystoma.

• The post-hyoid osfticle is a Binall triangular plat© of bone developed from the posterior ead and cornua of the

basibranchial cartilage of the Axolotl. Into its two anterior edges the genio-hyoideus is Inserted into its base, that

I)08terior continuation of these niuaclcs which U Inserted into the tendinoas inscription of the rectus abdominis. The

ossicle is bound in its place only by the muscles which are attached to it.
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THE MUSCLES OF THE MANDIBULAR SEGMENT.
The Submentalia (Csv.la).-—^Abnormal in both forms, this muscle is better developed in

Plethodon than in the other genus. It is represented by two small flat sheets of fibres, one on

each side of the symphysis menti. Each arises from the subdermal, inferior, surface of the

mandible, and its fibres pass caudad and mediad to be inserted into a delicate membrane. This

membrane is but ill differentiated from the deeper connective tissues anteriorly, but becomes

quite definite between the median ends of the ventral supei'ficial constrictor muscles behind

the Csv.la.

The Intermandibularis muscle (Csv.lb) is divided into anterior and posterior portions, in

Plethodon, by a small triangular gap. This division is not present in Diemyctylus.

The muscle arises from the median surface of the mandible a short distance above the ventral

edge. The line of origin commences a short distance posteriorly to the posterior margin of the

submentalis and extends back to an equal distance anterior to the jaw joint. The anterior

fibres are traiisverse in direction and, in Pletlwdon^ a few of these are apparently araphic. In

Diemyctyhis none reaches the mid-line, all being inserted into a narrow median raphe. The
posterior fibres are inclined caudad. In Plethodon the fibres are of varying length (see Fig. 86)

and the vei-y delicate raphe is so transparent that the genio-hyoid muscle is seen through it quit«

CSV. la

Fig. 86.

—

Plethodon. The muscles of the ventrum of tho head.

clearly. The membrane is, however, here quite unattached to the deeper structures. When
the muscles of one side are detached from their origin it is foimd that one can reflect the other

set, without rupturing any connections, by turning the freed set back across the mid-line.

It is to be particularly noted in this connection that the underlying anterior portion of the

Csv.2a is not attached to this median raphe in either of the genera.

Innervation.—It is quite impossible to speak positively on this. One can only record that

fibres of the Vth nerve alone were fomid related to the muscles.

Muscles of Mastication.

There are present here the same three muscles as in Amhlystoma. Except that they are,

relatively, smaller than m that genus no differences worthy of note were observed.

MUSCLES OF THE HYOID SEGMENT.

The Csv.2a arises from the posterior margin of the quadi-ate immediately beneath the

depressor mandibulae muscle. From this origin the fibres pass mediad, radiating rostrad and

caudad, with the middle fibres of the muscle directly transverse in direction. The most anterior

fibres run forward nearly parallel with the i-amus of the jaw and extend a long way forward

beneath the Csv.lb. The most posterior fibres trend caudad some distance and, in Plethodon,

lie deep to the Csv.2b at their origin and for a little part of their length.

The Csv.2b arises by a narrow, short and strong band of ligament from the lateral and

inferior surface of the mandible at and behind the joint. From this origin the fibres radiate
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caudad. The most medial fibres pass caudad and mediad, the most lateral more directly caudad,

in Plethodon. The muscle is better developed and larger than in the other genus and its thickened

medial margin lies superficially to the posterior fibres of the Csv.2a, whilst its more lateral fibres

have a direction directly caudad. In Diemyctylu.<i the medial margin of the muscle lies posteriorly

to the posterior fibres of the Csv.2a. Medially the two portions of the muscle form a continuous

sheet of fibres. Laterally, near the origin of the two portions, there is a small gap between them.

The most lateral fibres have a mediad trend so that tlieir insertion lies medially to the shoulder

joint, instead of, as in Plcihodon, laterally thereto.

The insertion of the muscle is into a sheet of membrane which lies, subdermally, over the

anterior portions of the shoulder girdle.

Innervation.—A twig of the Vllth was the only nerve observed related to either part of

the muscle.

The resemblance of the Csv.2b to that of Ichthyophis is very close, whilst the condition in

Di&myciylus, in which Csv.2a and b form a continuous sheet on either side of the mid-line, is

intermediate between the condition of the muscle in Plethodon^ Amhlystoma y and Notophlhalnmus.

The Cerato-hyoideus externus (interhyoideus muscle) is present in both genera, nxid may be

seen ia Plethodon, through the membrane into which the Csv.2a is inserted, medial to the anterior

part of the Csv.2a.

The Depressor mandibulae in both forms is a small muscle which arises from the squamosal

and posterior stxperior area of the skull. Whilst no actual separation into partes eephalo- and

noto-gnathica is visible, it was foimd that, in both forms, the muscle separated cleanly into a

smaller, anterior and deep, and posterior, more superficial, portion. There appears no reason

to doubt that these are the two " partes " of the muscle which have been found so well

differentiated in other amphibians.

MUSCLES OF THE BRANCHIAL SEGMENTS AND THE HYPOBRANCHIAL
SPINAL MUSCLES.

Whilst these present some departures from the types already described, they are not of a

kind or degree to call for detailed description.

Molga. (s. Notophthalamns.)

Material.—A single specimen of M . torosr/s, excellently preserved, which was received from

the American Museum of Natural History.

MUSCLES OF THE MANDIBULAR SEGMENT.

There is no M. submentalis.

The Intermandibularis muscle arises from the anterior half of the inner surface of each

mandible and meets its fellow in the mid-ventral raphe. The fibres are directly transverse.

The muscles of maatication are sharply divided into pterygoideus and temporalis.

The Pterygoideus is very imperfectly divided into partes posterior, anterior, and internus.

The pars posterior aiises fi'om the mid-dorsal intermuscular septum abo\e the potiterior end of

the skull and for a little distance beyond it posteriorly. The extreme posterior tip of the muscle

is very narrow and it lies medially to the anterior end of the longissimus dorsi muscle of its own
side. Pansing forward, the muscle gains in bulk and turns laterad to pass beneath the supra-

temporal bar ; as it does so its most anterior fibres have a nearly directly transverse direction,

but with a slight caudad inclination from tlieir origin. At this point there is a superficial <livision

of the muscle, but the plane of separation does not extend deeply. In front of it the muscle

arises from the intermuscular septum and dorsmn and side of the skull as far forward as the

middle of the orbit. The pars posterior has no attachment to the dorsum of the skull behind

the supraorbital arch, but when freed from itfl origin lifts off the skull quite cleanly. When it

is so detached and the fi*ee end carried forward and laterally, a deeper part of the muscle is found

below it, and from which it separates quite cleanl}^ for a little distance. These deeper fibres,

however, merge with the deeper fibres of the pars anterior and the whole of the fibres converge

to a short narrow tendon, which is inserted into the upper margiii of the inner surface of the

mandible a little way in front of the joint and deep to the insertion of the temporalis.

The M. Temporalis arises from the dorsum and anterior surface of the otic capsule and from

the anterior surface of the paiotic process and anterior edge of the quadrate, behind and lateral
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to the line of the supratemporal arch. The fibres pass laterad and ventrad to a relatively extensive

in3ertion along the upper edge of the outer surface of the mandible for a short distance in front

of the joint. Those fibres arising from the quadrate and parotic process close along side of it

are partially separated from the rest in a manner suggestive of the maasetericus minor of the

frog.

The Relations of the Branches of the Vth Nerve.

The Foramen prooticum is placed below and to the inner side of the posterior root of the

supratemporal arch.

The ramus mandibularia turns laterad and ventrad as soon as it separates from the other

rami and passes down to enter the lower jaw just intenial to the irtsertion of the temporalis.

To reach this destination the muscle penetrates the M. temporalis, but does not divide it into

superficial and deep portions. The Ramus maxillaris passes laterad and dorsad between the

Mm. pterygoideus and temporalis. Lateral to the supratemporal arch, just at its posterior end,

the nerve becomes superficial and runs ventrad and rostrad along the dividing plane between

the muscles. Following the anterior margm of the temporalis when the other muscle passes

back underneath it, the nerve next tunas rostrad aroxmd the lower margin of the orbit.

The Ramus ophthahnicus profundus runs forward between the pterygoideus muscle and the

side wall of the cranium.

THE MUSCLES OF THE HYOID SEGMENT.

The muscles of this segment present certain peculiarities which resemble the arrangement

of these muscles in the Caecilians, and, being intermediate between the conditions there found

and those of the Urodela, serve to assist in the comprehension of the caocilian muscles.

The Csv.2a presents two very definite portions wliich are here described as the partes

superficialis and profunda.

Pars Superficialis.—This arises, under cover of the origin of the depressor raandibulae, from

the inferior edge of the sulcus on the back of the parotic process and otic capsule. From this

origin the fibres pass directly transvei'sely and ventrally to an insertion into a mid-ventral raphe.

Pars Profunda.—This arises from the same edge below, i.e. lateral to, the superficial part of

the muscle and from the tip of the cerato-hyal, which latter is placed immediately behind the

upper end of the origin of the superficial part. At its origin this is a narrow thin ribbon and

curves ventrad, laterad and rostrad deep to the posterior end of the mandible, passing first deep

to the pars superficialis. Just medial to the mandible, a little way anterior to the joint, the

fibres are gathered together to form a fine rounded cord and the muscle becomes bound to the

lateral edge of the perimysium of the interhyoideus muscle which lies deep to it. The muscle

fibres then diverge rather widely ; those most laterally placed run forward and mediad and reach

almost to the symphysis, the median do not run forward so much. All the fibres are inserted

into a median ventral raphe deep to the Csv.l.

The C8v.2b arises from the superficial fascia in the neighbourhood of the insertion of the

depressor mandibulae. The fibres radiate widely. The anterior fibres have a direction nearly

transverse but with an inclination caudad. The most posterior pass caudad with an inclination

mediad. The former are inserted into a median raphe, the latter into the dense subcoracoid

fascia, by wliich it is boimd to the pectoral arch. The most posterior fibres are inserted well

out from the mid-line, almost below the humero -scapular joint, and the line of insertion of the

intermediate fibres curves from this point mediad and rostrad to the insertion of the anterior

fibres.

The Depressor Mandibulae presents no indication of the pars notognathica. The muscle

arises from the surface of the sulcus on the postero -dorsal area of the parotic process and the otic

capsule. No trace of division into antorior and posterior parts can be found, and none of the

fibres arise from the fascial stmctures behind tho head. The fasciculi are gathered to a quite

small area of insertion on the posterior end of the mandible, behind the joint.

The Interhyoideus is similar to that of Amhlystonm but the anterior end of the ceratohyal

is a good deal broader in this than in that genus, and in accord with this extra width of the

available area insertion, the muscle is much more spread out anteriorly than m the other form,

so much so that it appears to have an insertion into a mid-ventral raphe.
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THE MUSCLES OF THE BRANCHIAL SEGMENTS.

The Constrictor Pharyngei arises from the dorsal fascia almost in common with the Dorso

Laryngeus. The point of origin is immediately behind and above the postero-dorsal corner of

the origin of the depressor mandibulae and tinder cover of the posterior continuation of the

fascial coveruig of that muscle and the origin of the rhomboideus anterior muscle, but superficial

to that of the M. cucullaris. The two muscles curve, alongside of each other, ventrad and caudad

to be inserted at the mid-ventral lino. The constrictor pharyngei is inserted into the medial

raphe ventral to the larynx, the dor^o-laryngeus curves dorsad to be inserted into the anterior

end of the arytenoid cartilage at its dorsal edge.

The Hypobranchial Spixal Mfsclrs.

The Genio-hyo-coracoideus arises, on each side of the symphysis, from the anterior end of

the mandible. It is a narrow ribbon of fibres which extends straight back to be inserted on to

the aubcoracoid deep fascia, between the plane of insertion of the Csv.2b and the procoracoids.

As the muscle passes the first arcli of the hyoid it is bound thereto.

The Coraco-hyo-glossus arises as an anterior prolongation of the lateral portion of the rectus

abdominis deep to the humero-scapular articulation. The more superficial fibres are inserted

into the anterior arch of the hyoid alongside the hyoid plate. The deeper fibres are gathered

to form a romided muscle which passes forward above this arch and ends in a brush of fibres

in the substance of the small tongue. The two portions of the muscle cannot be cleanly separated,

except just as the glossal fibres dive above the cartilaginous arch.

The Capiti Pectorai. Mttscles.

The Cucullaris arises from the skull immediately behind, and deep to, the tip of the cerato-

hyal. It has the upper end of the origin of the pars superficialis of the Cav.2a superficial to it

and the origin of the attrahens scapulae muscle deep to it. The fibres pass latorad and ventrad

to be inserted into the anterior edge of the scapula just above the joint cavity.

The origin of the Attrahens Scapxilae has just been mentioned ; the fibres of the muscle

radiate from the point-like origin to be inserted along the anterior margin of the scapida and

supraacapula.

Spelerpes. (s. Pseudoiriton.)

I have had for dissection one specimen of the adult, received from the American Museum of

Natural History.

Tlxis genus reproduces, in the anatomy of its cephalic musculature, features already described

in other genera. To describe these in detail would serve no good purpose ; therefore, only those

features of particular interest will be described.

No submentalis muscle was found.

The Csv.2b has a much more extensive origin than in any other form studied. The line of

origin commences at the anterior margin of the well developed pars notognathica of the depressor

mandibulae and extends back almost to the transverse level of the shoulder joint ; this line,

moreover, is placed higher than is the origin of the muscle in other forms—it is placed mid-way

between the mid-lateral and mid-dorsal lines. The fibres of the muscle pass directly ventrad to

be inserted into a mid-ventral raphe. The muscle extends so far back as to cover the procoracoids

and the anterior part of the coracoids.

The tiny muscle which was described in Amblysioma under the name of Cerato-hyoideus

Anterior is in this genus very well developed. It arises from the mandible close beside the

symphysis and passes caudad and slightly laterad along the lateral margin of the ceratohyal

cartilage till it lies beneath the posterior end of the mandible. Tt is inserted along the lateral

edge of the ceratohyal.

This muscle is of interest because that in Amhlystoma is so small that one questioned the

wisdom of recognizing it as a separate mascle ; this establishes its individuaUty.

The Laryngeal inuscles are essentially similar to those of the Axolotl ;
this is of interest, a&

it is the perpetuation of a larval condition.

The muscles of mastication are more differentiated than those of any other LTrodele studied.

The Pterygoideus presents for description three parts.
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The Pars Posterior arises as a fine point behind the posterior limit of the skull between the

longissimus dorsi and the mid-dorsal intermuscular septum, and along the septum so far forward

as to permit of the most anterior fibres passing laterad and ventrad with bat a little inclination

rostrad to the insertion. The lateral surface of the muscle is clothed by a strong fine tendinous

perimysium into which the great majority of the fibres are inserted. This perimysium tapers

and becomes thicker as it extends forward and finally, as a narrow tendon, is inserted into the

apex of the coronoid process of the mandible.

The Pars Anterior arises from the dorsum of the skull in front of the last part. The muscle

tapers to a short tendon wliich is inserted into the coronoid process just behind and medial to

the other tendon. The most posterior fibres arise a little way posterior to the orbit, and these

have a direction rostrad, laterad and ventrad. The most anterior fibres arise medial to the

centre of the orbit and their direction to their insertion ia caudad, laterad and ventrad.

The Pars Interna arises from the side wall of the skull beneath the pars antenor. There

is a very definite cleavage plane between the two muscles and the fibres of the pars interna run

caudad and laterad nearly horizontally, but with a slight inclination ventrad, converging to a

short tendon by which they are inserted on to the upper edge of the inner surface of the mandible

deep to all the other muscles of mastication just in front of the joint.

The Temporalis muscle arises from the antorodorsal surface of the otic capsule, parotic

process and quadrate. Its fibres pass ventrad and slightly laterad to be inserted along a short

length of the upper edge of the outer surface of the mancUble bebind the coronoid process.

The Quadrato-mandibularis ia a small muscle which arises from the lower end of the quadrate

and the skull under cover of the temporalis. Its fibres converge to be inserted into the upper

edge of the inner surface of the mandible behind the tendons of the pterygoideus partes anterior

and posterior. The general dii*ection of the muscle is, from its iiAsertion, laterad and rostrad and

very slightly ventrad. This muscle passes dorsally to the tapered thin posterior end of the pars

interna of the pterygoideus, the two crossing almost at right angles close to their insertions.

The R^:lations of t:he Rami of tite Vtii Nebve.

The three rami of the nerve issue from the cranium under cover of the origin ofthe temporalis.

The R. mandibularis turns at once laterad and ventrad between the temporalis and the quadi ato-

mandibularis ; the main nerve phmges between Meekors cartilage and the dentary, but just

before so doing it gives off" a branch which rmis forward along the outer surface of the mandible.

Where it enters the rnandible the nerve lies between the temporal and quadrato-mandibularis

insertions.

The Ramus Maxillaris passes forward against the wall of the skull till the anterior margin

of the temporal muscle is reached ; it at once turns laterad around the lower surface of the pars

posterior of the pterygoid muscle, and then turns forward across the superficial face of that

muscle.

The Ramus Ophthalmicus Profundus passes forward against the side wall of the cranium

under cover of the origin of the pter>'goideus muscle and the anterior portion of the origin of

the quadrato-mandibularis

.

2. Adult Anura.

The Frog, (Figs. 87-89.)

The following description of the muscles is based on a study of numerous specimens of

Hyla cerulea, IJ . aurea, Lminodijna.-iteti pcronii and L. tasntanictisis, and a single adult Mixophyea

fasciolafus. The similarity of tlie muscles in all five forms was very close. Except in the

depressor mandibulae of Mixophyes^ no differences worthy of note were observed.

I have departed from the nomenclature of Gaupp's edition of Wiodersheim's " Anatomie

des Froches '\ where it appeared desirable to reflect in the designations the homologies of the

muscles with those of the fitches. This has only been done where it seemed reasonably certain

that the homologies in question were correct.

The Submentalis, Csv.la (Fig. 87).—This ia a compact muscle whose fibres extend from one

mandibvilar ramus to the other immediately behind the symphysis, without any tendinous

intersection.

The Intermandibularis, Csv.lb.-—This is the muscle which Gaupp terms the submaxillaris ;

it is, apparently beyond question, homologous with the intermandibularis of certain of the bony
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fishes and with the Csv.lb of the elasmobranchB. The simple Csv.lb of the younger tadpoles was

fo\md to give rise to a broad intermandibular sheet, in which a posterior portion, later developed,

was differentiated from an anterior.

The Csv.lb^ {Fig. 87) is the anterior portion of this sheet. The fibres arise from the inferior

margin of the mandible, in its more transverse, anterior, part, on either side of the Csv.la. They

pass obliquely caudad and mediad and are mserted at the mid -line into a median raphe.

The Csv.lb'* (Fig. 87) is the posterior portion. These fibres arise from the inner surface of

the mandible close to the dorsal edge and pass towards tho mid-line with a slight obliquity

forwards, and are inserted into the median ventral tendinous intersection. The anterior limit

of the origin of this portion is above the middle of the width of the last portion, the posterior

limit is a little in front of the posterior end of the mandible. The greater part of the line of

insertion lies deep to that of the last portion.

The Interhyoideus, Cav.2 (Fig. 87).—Gaupp designated this the " Subhyoideus Its

development indicates that it is homologous with the interhyoideus of the fishes.

This muscle arises from the upper, posterior, end of the anterior coniu of tho hyoid (stylohyal)

close to its attachment to the otocrane. Where this musclo arises, the portion of the stylohyal

is situated dorsally and medially to the posterior end of the lower jaw, so high up and far toward

the mid-line that the muscle appears to be coming from the postero -medial and dorsal area of

the otocrane lateral to the origins of the levator scapulae superior and the rhomboideus anterior

Fig. H7.—Ht/la. The ventral constrictor niusck'S.

muscles. From this, comparatively narrow, origin the muscle widens out and becomes folded

on itself. The anterior fibres cross the posterior intermandibular area behind the Csv.lb^ to

be inserted, in series with that muscle, into tho mid-ventral raphe. The line of contact is very

clearly marked by a transverse branch of the submaxillary artery, and the two muscles are Cjuit©

freely separable. The anterior fibres, moreover, are not parallel with those of the mandibular

sheet. There is a tolerable gap between the two muscles at the posterior margin of the Csv.lb*

close to the mandible, through which the artery maizes its way. The posterior margin of the

gap is formed by the anterior fibres of Csv.2 ; these come into view from above and lateral to

the posterior fibres of Csv.lb and, therefore, have a slight inclination caudad, as though coming

from an origin on the mandible beneath the Csv.lb.

This definite break in tlie continuity between the mandibular and hyoid sheets is of interest.

In a majority of the fishes and other amphibians which we have studied, these two ventral con-

strictor sheets becom.e intimately blended along their contiguous margins. In those forms,

however, the hyoid sheet is developed from a primitive superficial sheet and the interhyoideus

lies dorsally to it. In the Frog there is, apparently, no primitive superficial hyoid sheet and the

superficial constrictor of the adult is developed from the interhyoideus. This probably accounts

for the definite break between the two, and tho break provides evidence of the correctness of

the interpretation here presented.

It has been stated above that the interhyoideus is folded on itself. Those fibres which arise

from the highest point run obliquely forward toward the mid-line beneath those arising below

and in front of them. They are not attached to the more superficial fibres. When the head is

strongly doi'si-fiexed the muscle becomes unfolded, and the posterior fibres are exposed. The

posterior limit of the muscle can now be observed to extend from their origin to the mid-ventral

line, passing dorsally to the posterior end of the mandible and slightly in front of it on each side,

o
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This line corresponds very closely with the line of fusion of the posterior margins of the opercular

folds to the ventnim of the throat at the metamorphosis of the Axolotl to the adult Amhlystoma.

In both the Amhlystoma and the Frog there is a narrow membranous sheet cormecting the peri-

mysium and the skin along the posterior margin of the superficial hyoid constrictor. In the

former it marks the Hne of closure of the branchial chamber. It may be designated the " poat-

opercular myo-integuniental fascia ".

When the head of the frog is slightly ventri-flexed, the fold of the Cav.2 passes behind thie

fascia and the anterior margin of the muscle comes to lie almost directly beneath it.

L. SC.£ L. GG.l I. Sp.

Fig. 88.

—

Mixophyes.

Innervation.—The break between the mandibular and hyoid ventral constrictor sheets

enables one to state with the utmost confidence that the former is innervated by the Vth nerve

alone, and that this nerve does not send any twigs backward across the interval. The com-
munication between the Vllth and IXth nerves debars one from speaking with equal certainty

about the innervation of any of the muscles innervated from the hyoid trunk of the Vllth.

One can, however, assert with confidence that the Csv.2 is innervated only by twigs which are

all traceable to the ramus jugularis of the hyomandibular trunk of VII.

The Depressor Mandibtjlae.

The Pars Cephalognathica (Fig. 88, P.c.) arises from the postero-lateral and superior corner

of the auditory capsule immediately above the centre of the tympanic annulus, and from the

superficial perimysium of the pars lateralis of the temporalis muscle dorsally and medially to that

point. From this origin the fibres pass ventrad, laterad and caudad, to be inserted on to the

outer side of the mandible immediately behind the joint.

The Pars Notognathica (Fig. 88, P.n.) arises from the fascia dorsalis superficially to the

suprascapula and the infraspinatus muscle, this origin extending from the anterior margin of the

suprascapula back as far as the anterior margin of the superficial oblique abdominal muscle.

By the fascia dorsalis the origin of the muscle is carried to the mid-dorsal line, but the dorsal

margin of the muscle itself is nearly coincident with that of the suprascapula beneath it, except

posteriorly, where it falls to a lower level between the fascia of origin of the abdominal muscle

superficial to it and the latissimus dorsi muscle deep to it. From this wide origin the fibres

converge to be inserted on to the posterior end of the mandible, behind the pars cephalognathica.

A broad ribbon at its origin, this muscle becomes a narrow, and thicker, muscle at tis insertion.

Innertyaiion

.

—Both parts of the depressor mandibulae are iimervated by twigs from the

ramus jugularis of the hyoid trunk of the Vllth nerve.

Edgeworth (1911, p. 217) states that in " Rana, at metamorphosis, the orbito-hyoideus

extends upwards on the atrophy of the processus muscularis of the palato-quadrate, the lower
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end of the orbito-hyoideus gains a new insertion to the hind end of the lower jaw. The cerato-

hyo-angularis, suspensorio-angularis and quadrate -angularis asaurae a more vertical position on

rotation of the palato -quadrate, and form the inner portion, whilst the original orbitohyoideus

forms the outer portion, of the depressor mandibulae

Edgeworth, apparently, bases the whole of his descriptions on the study of serial sections.

I have found that such study, even when carried out on sections cut in all three planes, is liable

to be most misleading. The closest study fails altogether, at times, to discover the cleavage

planes between muscles whose component fibres are parallel or only slightly inclined to one

another. It is, therefore, more than probable that the development of this muscle in Rana

is similar to that in the frogs I have studied.

Edgeworth adopts the nomenclature of Schultze.

The synonymy is as follows :

When it is remembered that the pars cephalognathica extends upward and backward aerose^

the Hiu:face of the processus muscularis under the dilator hyoidei and, in later stages, nearly

parallel with it, it is readily understandable that the increasing bulk of this muscle should have

been mistaken, in serial sections, for the other in a new situation and with new attachments.

This description of the development of the depressor mandibulae by Edgeworth caused me to

review again, and with added care, my own dissections. I am quite confident that the pars

cephalognathica of the early tadpole gives rise to the main part of the same muscle in the adult.

That sjme few fibres of the caducous dilator hyoidei may persist and contribute to the adult

muscle is not impossible, but I can find no evidence of this.

If I have not correctly identified the quadrato-angularis, then the muscle is not present

in any stage of the development of the several frogs I have studied. The error of regardLing

this as one of the components of the depressor series probably comes from the fact that it arises

very low down on the quadrate and is inserted directly above the joint on to the superior edge

of the mandible. When first found in ray tadpoles it had a more vertical direction than it has in

the adult.

The six muscles which were fomid in the later tadpoles are all recognizable in the adult.

The Ptei-ygoideuB (Fig. 88, P.t.) arises from the dorsum and side wall of the skxill behind the

orbit and in front of the temporalis mtiscle, it is for the most part covered by the lattor muscle,

but appears superficially between it and the orbit close to the mid-line dorsally. From its origin

the muscle tapers rapidly as it passes ventrad, laterad and slightly caudad, beneath the temporalis

and tei'minates in a fine ribbon-like tendon which continues the dnection of the muscle as it lies

against the lower edge of the anterior wall of the auditory capsule. It passes across the dorsal

sm-face of the os transversum, pterygoid bone of authors, in contact with the anterior surface of

the quadrate, and is inserted near the inferior margin, on the inner side of the mandible just in

front of the joint.

The Temporalis muscle (Fig. 88, T.) must be described in two parts. The Pars lateralis

is the depressor labii superioris longus of the early tadpoles, and it constitutes a superficial and
lateral portion of the muscle. It arises from the whole of the dorsum of the otocrane, extending

medially over the top of the curve and down a short distance on the posterior slope. From this

origin the muscle passes cephalad, ventrad and laterad. Its outer margin lies in contact with
the inner surface of the post-orbital descending limb of the squamosal and the quadrato-jugal.

Its insertion is a fleshy one on to the outer and upper surface of the mandible in front of the

tympaixic annulus.

The Pars medialis is the temporalis of the tadpoles, the two portion.-i are very easily separated

and leave perfectly smooth surfaces after separation. The origin is from the antero-superior
medial comer of the otocrane and from the dorsmn of the skull medial thereto, between the
last muscle behind and laterally and the pterygoideus in front and medially. It is a slightly

smaller muscle than the other division of the temporaHs ; its direction is paxallel to the other.

The insertion is, by a short ribbon of tendon, into the mandible medial to the lateral division.

Orbito-hyoideus

Cerato-hyo-angularis

Suspeusorlo-angularis

Quarlrat<:)-angularis

E(igewortli-Schultze. This work.

Dilator hyoidei

Pars iiotoguathica

Pars cephalognathica

Massetericus minimus

The Mt^scles of Mastication,
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The Masseter Major {Fig. 88, Mas.).—This is the raaaseter of the tadpoles. It arises from the

inferior edge of the post-orhital bar and from tlie tympanic annulus. The muscle is a quite thin

sheet of short fibres which descend almost vertically to be inserted on to the upper edge and
outer surface of the mandible behind the temporalis. The anterior portion of the muscle, arising

from the squamosal, is the thicker and there is here some convergence of the fibres into an arcuate

insortion into the upper surface of the mandible immediately behind that of the temporalis.

Behind this the mnaclo is thinner and the insertion is carried, by a short fascial sheet, down the

outer surface of the mandible almost to the inferior margin.

The Masseter Minor, the quadrato-mandibulai-is of the tadpoles.—This is a short triangular

muscle which arises from the edge of the quadrate below the quadrato-jugal and is inserted

into the inner edge of the upper surface of the mandible. The most anterior fibres of this muscle

pass ventrad nearly vertically, with a slight inclination cephalad. The posterior fibres pass

cephalad with a slight inclination ventrad.

The Masseter Minima.—This muscle has not, so far as T am aware, been previously described

in the aduU. frog ; it is apparently the quadx-ato-pngularis of Schultze's description of tadpoles.

It is a small flattened narrow muscle, pointed at both ends, which arises from the tip of

the quadj-ate and inner surface of the extreme posterioi* end of the quadrato-jugal and passes

forwar.l along the upper surface of the posterior end of the mandible, between the masseter

muscles, tti an insertion itmnediately behinil that of the masseter major, on to the upper surface

of tho mandible.

Innervation.—All tlieae six muscles of mastication are innervated by twigs which they receive

from the ramus raandibularis V as that nerve passes among them on its way to the ventrum
of the mouth.

Tho course of tho ramus mandibularis V'' is as follows. WTien it leaves the common trunk it

passes dorsad, laterad and cephalad between the temporalis on its outer side and the pterygoideua

medial to it, and comoa into view as a subcutaneous structure between these muscles some little

distance behind the orbit. It turns more directly laterad and may cross the temporalis and
pass out of sight again at its lateral margin by rimning beneath the descending limb of the

squamosal, or it may reach the same position benea,th this bone more directly by penetrating the

pars lateralis of the temporal nmscle. Beneath the squamosal it turns caudad and perforates

the masseter major, and continues for a short distance between this muscle and the masseter

minima. It next turns cephalad again, passes over the last muscle and turns ventrad external

to the ramus of the mandible and the masseter minor. Finally it perforates the posterior fascial

insortion of the masseter major and tm-ns mediad and cephalad to reach the ventrum of the

mouth.

Deep Corstrictobs, ArpARENTLY Innervated oni.v by the IXth
AND XtH NeKVES.

The Constrictor pharyngei (Petro-hyoideus anterior, of CJaupp) (Fig. 8J), C.]>h,) arises on

each side from the stylohyal cartilage high up behind the origin of the C3\'.2, and from tbe otocrane

above and medial to this. From this restricted area of origin the muscle coursas round on tho

under side of the pharynx, beneath the pharyngeal mucosa. The muscle widens considerably

as it passes toward the mid-ventral line, and is inserted ou to the lateral edge of the hyoid plate,

from the root of the posterior cornu forward to that of tho anterior cornu.

The three muscles which Gaupp designated posterior petro-hyoid are, probably, together

homologous with the dorso -laryngeal and last interbranchial of the Axolotl and perennibranchiate

urodoles generally. It will be remembered that in the tadpole with the fully developed branchial

arches there is but a single muscle and that all three of tho muscles we have to describe here are

developed later than that one.

The three muscles arise together from the back of the skull between the temporalis above,

the otoscapularis laterally, and the rhomboideus anterior medially, but slightly ventral to all

three. From this origin they pass caudad, mediad and ventrad, superficial to the cucuUaris and

levator scapulae inferior, but deep to the levator scapulae superior. For purposes of description

I have designated two of them cranio-byoideus and cranio-Iaryngeus respectively ; the third

is the dorso-laryngeus.

The Cranio-hyoideua {Fig. 89, C.h.a.), having reached the ventrum of the pharynx, turns

more directly transversely than the cranio-laryngeus behind it, leaving a triangular gap between
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their ventral endn. Nearly, but not quite, parallel to the hinder margin of the constrictor

pharyngei, and a little way behind it, this muscle passes to the body of the hyoid just behind

its middle eornu, and is inserted thereon.

The Cranio-hyoideus {Fig. 89, Cr.hy.) is inserted to the outer edge of the posterior cornu of

the hyoid (the thyreohyoid) dorsally to the insertion of the hyoglossus, and near the posterior

end of the cornu a little distance caudad to the point where the last muacle gains the dorsal

surface of the body.

The Dorso-laryngeus (Fig. 89, D.l.) may, perhaps, be the homologuo of the dorso-Iaryngis

of Druner's description of the LTrodela ; if so, the other two muscles will bo regarded as added

muscles differentiated from the single primordium present in the tadpole. It lies almost in

contact with the posterior margin of the last muscle, but is continued past the insertion of the

other and is inserted on to the lateral cartilage of the larynx immediately posterior to the point

where that is bound to the end of the posterior hyoid cornu.

Innervation.— It has been quite impossible to satisfy myself that I have successfully separate<l

the components of the nerve tangle. I thei-efore content myself with the statement that 1 have

found none other than branches from these nerves reaching any one of these four muscles. I

believe that the constrictor pharyngei is innei-vated by the IXth and the others by the Xth
nerve, but I cannot be certain. The question must bo decided by the study of appropriately

stained serial sections, or by stimulation of the nerves.

The Hypobbanchial Spinal Muscles.

The Genio-hyoideus presents three very definitely defined portions. Gaupp illustrates

these three portions, but fails to describe them separately.

The Genio-hyoideus pars lateralis (Fig. 89, G.h.l.) is a narrow ribbon which arises from the

inner surface of the mandible towards its dorsal edge just lateral to the origin of the submentalis
;

it passes thence directly caudad to be inserted on to the outer edge of the middle cornu of tlie

hyoid. As it passes back it lies beneath the loop of the stylohyal. A large branch of the hypo-

glossal (1st spinal) nerve passes forward along its dorsal surface. At its insertion it has the

dorsally folded lateral margin of the sterno-hyoideus medial to it.

The Genio-hyoideus pars intermedins (Fig. 89, G.h.i.) is a similar ribbon-like muscle which

arises just medial to the last, but closer to the lower edge of the mandible under cover of the

Fig. 89.

—

IJyla. Muscles of the veiitniin of the heiid. C!.hy., M. crauiohyoideus
;

C.hy.a.,

M. craniohyoideus anterior; S.ni., M. RUbinent»]is
;

G.h.Tii., M. geiiiobyoideus medialiti

;

G.h.i., M. geniohyoidens intf^riJiediiis
; G.li.l., M. fjeniohyoideiis lati^ralis ; T.a.v., M. thyro-

aryttnioidcus vpiitrnlis.
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submentalis. It passes caudad to be inserted on to the perimysium of the hyoglossal muscle,

a small median bundle of fasciculi gaining an insertion on to the posterior margin of the hyoid.

The Genio-hyoideus para inedialis (Fig. 89, G.h.m.) is a third narrow ribbon which arises

from the upper, inner edge of the mandible right alongRide of the symphysis, separated from the

origin of the pars intermedins by the origin of the genio-gloss us. Jt passes back to be inserted

in like manner t© the last part, but superficial to it. By the perimysium of the hyo-gloaaus

muscle, the insertion of these last tvi'O is carried back to the antero -lateral margin of the larynx.

The Genio-glossus muscle (Fig. 89, G.gl.) arises from the imier surface of the mandible

between two genio-hyo-laryngeal muscles. It is a relatively short and stout mupcle which passes

caudad, dorsad and slightly mediad, to terminate in a brush of fibres which extend through the

coimectivo tissues of the tongue for two -thirds of its length from the anterior tip.

The Hyo-gIo3SU8 (Fig. 89, Hy.gl.) is a surprisingly massive muscle which arises from the

posterior comu of the hyoid throughout its length and passes forward ventrally to the body of

the hyoid, and then turrts doisad and breaks up into brushes of fasciculi. Three main divisions

of these may be recognized, a median and two lateral. The median fasciculi are inserted in the

tough submucous tissue along the mid-line of the tongue from close to the base, right forward

almost to the tip, with those of the genio-glossus on either side. The fasciculi of the two lateral

groups end in the same tissue along the margin and lateral area of the tongue outside tlie genio-

glossus.

Since the antero-lateral corner of the larynx is bound to the posterior hyoid cornu, this

muscle, when antagonized by the genio-glossiis and genio-hyoideus, is capable of pulling the

larynx forward and assisting in dilating it.

Innervation,—Tliese raiisoles are umervated by the hypoglossal nerve. Whether the spinal II

components of the trunk of tliis nerve reach these muscles or not, is impossible of determination

by dissection.

The Capiti-Pectok.^ Muscxes.

Including the Omo-hyoideus, thei*e ai'e five of these to be described.

The Rhomboideus Anterior (Fig. S8, Rh.a.) arises from the posterior margin of the skull

supei ficially, on either side of the mid-lino and medial to the auditory capsule. The fibres pass

directly backward to be inserted into the dorsal margin of tlie suprascapula. The longest fibres

are medial, and are inserted farthest back along the dort^al edge of the stiprascapula.

This muscle appears quite early in the development as a delaraination of the first doi*8a1

myomere which later grows backwards and gains an insertion on to the suprascaptUa.

Innervation.—The muscle is innervated by a twig which it was found impossible to trace

back through the doi-sal trmik muscle, from which it emerged beneath the muscle. It is probable

that the twig came from the second spinal nerve, as in Eana.

The Levator Scapulae Superior (Fig. 88, L.ac.s.) arises from the back of the slnill medial to

the auditory capsule, vontrally to and behind the posterior limit of the origin of the temporalis.

At its origin the muscle is fleshy and nearly cylindrical in section. From its origin it extends

caudad, modiad and dorsad, and is inserted on to the anterior margin of the scapula just below

the supi'ascapula. At its insertion the fibres are somewhat spread out. so that the muscle is here

flattened.

Innervation.—This muscle is imiervated by the second spinal ner\^e. The motor branch to

this nerve leaves the main nerve before it combines with the first to foi*m the ventral spinalis

(Hypoglossal) trunk to the hypobranchial spinal musolos.

The CucuUaris (Fig. 88, Cu.) is the Trapezius of Edgeworth (1911) and the Capiti-scapiilaris

of Furbringer (1875). The muscle arises from the poatero-superior margin of the auditory

capsule beneath the origin of the pars cephalognathica of the depressor raandibulae, behind the

temporalis and lateral and slightly dorsal to the levator scapulae superior. It passes from its

origin ventrad, latorad and caudad, to be inserted on to the scapula just above and lateral to the

glenoid cavity.

Innervation.—^This is by a twig v/hich was traced back to the main trunk of the Xth nerve,

distal to the point where the communications with the IXth nerve are effected.

The Levator Scapulae Inferior (Fig. 88, L.se.i.) arises from the back of the skull beneath the

superficial levator of the scapula. It extends backwanls and slightly laterally to be inserted

on to the deep sui'face of the scapida uiiderneath the insertion of the same muscle, extending

backwards across the deep surface of the scapula for a little distance.
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The Omohyoideus (Fig. 89, Omo.) is included here because of its origin, at least in part,

from a cephalic muscle, and because it is one of the muscles innervated by the hypoglossal nerve,

formed by spinal nerves I and II.

It arises from the ventral surface of the body of the hyoid, medially to the middle cornu,

and passes caudad, laterad and sHghtly dorsad. It crosses the dorsal surface of the scapula

diagonally, above the glenoid cavity. At the posterior edge of the bone it curls round its posterior

surface and becomes inserted, under the tendons of the infraspinatus and latissimus dorsi, on to

the posterior surface of the scapula.

Innervation.—This ia, as already stated, by the hypoglossal nerve.

3. Adult Caecillans.

The Cepfmlic Muscles of lehthyophis glutinosa.

(Figs. 90-92.)

Material.—This consisted of two very well preserved specimens of J. glutinosa which I

received from Dr. J. Pearson, now Director of the Tasmanian Museum ; and a collection of seta

of serial sections of several of the Caecilians from Prof. H. W. Norris, of Grinnel. I wish to tender

my grateful thanks to these gentlemen for this assistance.

The serial sectiona originally formed part of the material on which the work of Norria and

Hughes was based when they wrote their account of the Cranial and Anterior Spinal Nerves of

the CaeciUan Amphibians. Prepared and stained primarily for the study of the nerves, they

were counterstained with a carmine preparation and are beautiful slides for general study.

p.c.

Sa.r

Gov. I C'3T.2a. Oav.2b

Pigs. 90-Q2.—Icktfivophis. G.a., M. genio-abdominis ;
Pt.i,, M. pterygoideus intcrnus.

It may be of interest to record that, notwithstanding the perfection of these slides, it was

not found possible to determine the details of the cephalic musculature by the study of them

alone. I had the slides in my possession long before I received the complete specimen, and had,

as I thought, made a complete description of the muscles. On receipt of the complete specimen,

dissection was imdertaken with a view to seeing the muscles actually in their relation one to

another, and not with the intention of checking the description already prepared. It was with

no little surprise that these relations were foimd to be different from those visualized from the

sections. In several instances the boundaries of juxtaposed muscles had been wrongly located.

This was in those instances where the direction of the fibres was nearly parallel.

A return to the sections, after the dissection, fully confirmed the later findings.

I may remark that, in the com-se of the study of the muscles in the serial sections, I very

naturally also studied their innervation, and, as was to be expected, foimd it always to be as

described by Norris and Hughes. Particularly have I studied the remarkable Csv.2b in this
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connection and find that there is certainly only the one motor supply to this muscle, namely,

that described by Norris and Hughes from the ramus jugularia of the hyomandibular division

of the Vllth nerve.

THE MUSCLES OF THE MANDIBULAR SEGMENT.*

Unfortunately I have not been able to consult the work on Ichihyophis by the brothers

Sarasin. I give below the synonymy of the muscles from Wiedersheim (1879) and Norris and

Hughes. These latter authors, for the most part, contented themselves with referring to the

muscles in the course of their description of the nerves. I have been able to determine their

synonymy with some certainty by actually identifying the muscles in the slides by comparison

of their illustrations with the sections they illustrated.

Wiedersheim. Norris and Hughes. This work.

Masseter Masseter

Masseter Temporalis Pterygoideus

Pctrygoideus Pterygoideus intcrnUB

Not described Levator quadrati Levator quadrati

hiteniiandihiilaris Intermandibularis Intermandibularia

(anterior part only)

The Intermandibularis {Figs. 90, 91, Csv.l) muscle alone represents the superficial constrictor

sheet of the mandibular segment, there being no submentalis. Each muscle is a triangular

sheet which arises from the inner surface of the mandible well back towards the joint. The

fibres diverge widely as they pass towards the mid-line to be inserted into the median raphe.

The most anterior pass almost directly rostrad, reaching nearly to the symphysis, the posterior

fibres nearly transversely but with an inclination caudad.

The Pterygoideus muscle arises from the lateral wall of the cranium and from its roof under

cover of the temporal roofing bones. The anterior limit of the origin is placed medial to the

orbit, the posterior lies to the inner side of the auditory capsule. Ifc appears that none of the

fibres arise from the deep surface of the temporal roof, but that the dorsal limit of the origin is

the line along which the temporal squame of the parietal meets the descending limb of the bone.

The inferior line of the origin of the muscle is but a little below this. The insertion is by short

tendon, to which all the fibres converge, into the inner surface of the mandible towards its upper

edge in front of the joint.

The Masseter arises from the ventral surface of the temporal roof and from the medial surface

of the lateral ascending process of the quadrate. From this origin the fibres pass to be inserted

into the upper edge of the mandible behind and slightly external to the insertion of the

pterygoideus.

The Levator Quadrati lies deep to both of these muscles ; it is a narrow strip of short fibres

which arise from the ahsphenoid region of the side wall of the cranium beneath the origin of

the pterygoideus anteriorly, and medial to the masseter posteriorly. The fibres pass ventrad and

very slightly laterad to be inserted into the anterior process of the quadrate.

The Pterygoideus Internus (Fig. 92, Pt.i.) arises from the postoro-median edge of the os

transveraum (pterygoid bone, of Wi dersheim and Sarasins). The area of origin is quite small,

but the muscle expands very rapidly as it passes caudad and laterad, so that it is a relatively

bulky muscle as it lies beneath the mandible at its insertion, on to the inferior surface thereof,

below the joint.

The Relations of the Rami of the Vth Nerve.

The Gasserian ganglion lies in a fossa above the posterior end of the origin of the levator

quadrati, and the ramus mandibularis passes ventrad to the foramen in the gonial by which it

gains the canal in the mandible so directly that one may trace the whole of this course of the

nerve in one single transverse section SO^x thick. As it enters the gonial it has the insertion

of the pterygoideus in front of it and to the inner side, and that of the masseter behind and

external to it. As it pa8.sea down from the ganglion the posterior end of the pterygoid muscle

lies deep to it and the masseter superficial to it.

* Nothing is Itnown of the development of any of tlie nmscica of the Oaecilians ; their segmental origin is therefore

asstinicd from their innervation.
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The Ramus ophthalmicus profundus and the ramus maxillaris run directly forward between

the origin of the levator quadrati below them and that of the masseter above. The former

maintains this position close against the cranial wall all the way to the orbit, the latter soon

becomes separated from the former by passing superficially to the pterygoid. It continues

forward between the pterygoid and the masseter to the anterior boundary of the muscles.

THE MUSCLES OF THE HYOID SEGMENT.

The synonymy is as follows :

Wiedersheiin. Norris and Hughes. This work.

Intermaxiliaris posterior part Interhyoidcus (of the urodelcs) Interhyoidcus and Csv.2a.

Omo-huinoro-niaxiUarH Omo-humero-maxillaris Csv.2b

Cephalo-dorso-maxillaris Depressor mandibulae Depressor mandibnlae

Levator hyoidei Mot found

Oerato-hyoidcus-externus „ „

The Ventral Constrictor sheet innervated by the VTIth nerx'^e presents three divisions.

The Interhyoideus (Fig. 92, T-h.) is a relatively narrow band of fibres which arise high up

along the ceratohyal, deeply placed beneath the post-articular projection of the mandible and its

muscles, the pterygoideus intemus and the Csv.2b. From that origin they pass ventrad, mediad

and rostrad, to be inserted into the mid-ventral raphe deep to the posterior portion of the Csv.lb

(the intermandibularis).

The Csv.2a (Fig. 92) is a broader sheet of fibres which arise from a fascia which covers the

trunk muscles behind the origin of the interliyoideua. These Csv.2a fibres arise further doraally

than the interhyoideus fibres. At their origin they lie deep to the anterior end of the thyroid

gland. For the greater part of their length the 2a fibres are hidden beneath the C8v.2b ; they

pass mediad, parallel to the interhyoideus fibres to be inserted into the mid-ventral raphe behind

them.

The Csv.2b (Fig. 92) arise from the outer edge and postero -ventral surface of the post-

articular portion of the lower jaw. From this origin the fasciculi radiate widely. The most
anterior have a direction mediad and ventrad with a slight inclination rostrad. The most
posterior, those arising from near the tip of the gonial, have a direction almost directly caudad,

with a slight inclination ventrad. These latter are inserted into the fascia dorsalis juat below

the mid-lateral line as far behind their origin as half the length of the head ; the anterior fibres are

inserted into the abdominal fascia at the mid-ventral line superficially to the Csv,2a fibres. The
intermediate fibres are inserted along a curved line joining these two extremes.

The Depressor mandil)ulae presents two clearly defined parts.

The Pars Cephalognathica (Fig. 90, P.c.) has an extensive origin from the dorsal surfaces of

the squamosal and parietal bones. The insertion is into the anterior edge and surface of the

post -articular portion of the gonial. The foremost fibres pass directly caudad from origin to

insertion just above the joint, the most posterior pass ventrad and rostrad to their insertion at the

top of the anterior edge of the gonial.

The Pars Notognathica (Fig. 90, P.n.) is a somewhat larger muscle than the last. It arises

from the fascia dorsalis abo\ e the Csv.2b. In outline the muscle is triangular, the apex being at

the insertion into the tip of the gonial. The inferior fibres of the muscle are the longest ; these

run parallel with the dorsal fibres of the Csv.2b. The most anterior fibres arise almost at the

mid-dorsal line and pass rostrad and ventrad to their insertion.

I have been unable to find a levator hyoidei in any of the caecilians which I have been able

to study. Norris and Hughes illustrate a levator hyoidei in a lato larval stage of Ichthyophis.

Unfortunately I have not been able to study any larval stages of these amphibians. Apparently

the levator hyoidei of the larva is either a caducous muscle or it becomes converted into the pars

notognathica of the adult. I have been unable to find any other muscles than those just described,

which are innervated by the VIIth nerve. The illustration given by Norris and Hughes (1920)

leads me to believe that it is portion of the pterygoideus internus which they have so identified.

This, of course, is innervated by the Vth nerve.

Discussion.—^The same muscles that were found in the Urodela are present in the Caecilia

in the hyoid segment, though not arranged in quite the same manner.

The situation of the interhyoideus and its insertion into the mid -ventral raphe is a more
primitive arrangement than has been met in any other amphibian, and is, indeed, a return to the

elasmobranchian condition.
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The origin of the Csv.2a is rather more deeply placed than we have found it in other

amphihians, hut not stifficiently so to raise any doubt as to its correct identification. It will be
remembered that in the urodeles this origin is carried deeply by the attachment of the stylohyal

to the back of the cranium. In the caecilians there has been a remarkable elongation of the
neck region, and one of the results (or causes) of thia has been that continued backward trend of
the dorsal ends of the branchial cartilages which we find correlated with the more posterior

situation of the origin of the Csv.2a. One remarks that, in the urodeles the thyroid gland is

placed just behind and superficially to the origin of the Csv.2a, as it is in the caeciUans.

The imiervation and the origin of the C8v.2b are the two features of this muscle in the
caecilians which lead us directly to its identification. Here, as in other amphibians, the muscle
arises from a superficial fascia by which it is bound to the posterior end of the superficial surface

of the mandible immediately below the pars notognathica of the depressor raandibulae. Its

wide insertion and long posterior extension must be regarded as resultants of the elongation of
the neck region.

Although I have identified one of the muscles of Ichthyophis as the interhyoideus, attention

should, perhaps, bo drawn to the fact that this is not tho muscle which Norris and Hughes identify

as the cei'ato-hyoideus externus. This muscle they illustrate in a section of a larval Ichthyophis.

That which they identify thus is placed more superficially than is the interhyoideus of my
description. It is, of course, possible that tho muscle may have been more superficially placed
in the larva.

MUSCLES OF THE BRANCHIAL SEGMENTS.
Tlie Subarcualis Rectus I (Fig, 92, Sa.r^} (Cerato-hyoideus internus of Norris and Hughes).

—

This is a short muscle which arises, dorsally to the genio-abdominis, from the posterior edge of

the oeratohyal cartilage for the greater part of its length. The fibres pass caudad and laterad

to be inserted into the anterior edge of the first ceratobranclual cartilage. This muscle extends

further out, laterally, than do the other straight subarcual muscles, and, moreover, its fibres have
a definite obliquity.

Subarcuales Recti IT and III (Fig. 92, Sa.r.2 and 3) are two short muscles placed between
the first and second, and second and third ceratoliranchial cartilages above the genio-abdominis ;

they are inseparable from, and their fibres run absolutely parallel with, those of the larger muscle.

The muscles were not noted by Norns and Hughes.
Subarcualis Rectus IV.—Behind the third ceratobranchial cartilage there is a thin layer of

short longitudinal fibres which arise from the posterior edge of tho inferior surface of the cartilage

just as do tlie fibres of i-ecti IT and III from the other cartilages. These fibres are inserted

irregularly into the rather dense comiective tissue which lies between and below the laryngeal

muscles. The commingling of these fi -res and those of certain of the laryngeal muscles was
remarked on by Norris and Hughes,

Ipnervation

.

—This is by a branch which continues forward that ramulus of the laryngeua

recurrens which innervates the constrictor phaiyngei.

The Constrictor Phaiyngei {Hyopharyngeus internus of Norris and Hughes) is doubtless

the homologue of the transversus ventralis 4 which gives rise to the constrictor pharyngei in the

urodeles. It arises from the posterior margin of the greater part of the length of the third (the

lant) branchial arch on each side and its fibres pass directly mediad to be inserted into a mid-
ventral raphe and, in part, into the trachea.

The Dorso-laryngeus is apparently represented by two portions.

The Pars DorsaUs (Figs. 91, 92, D.l.d.) [Levator Arcuum Branchialium of Norris and Hiighes)

arises from the fascia investing the trmik muscles deep to the inferior margin of the pars noto-

gnathica of the depressor mandibulae and the posterior origin of the Csv.2b. From this origin

the fibres pass ventrad and caudad, coavei-ging to be inserted into a tendinous condensation of

tissues by which it is bouxid to the extreme tips of the second and third branchial arches.

Pars Ventralis (Hyo-pharyngeus of Norris and Hughes) arises from the inferior surface of the

posterior edge of the fourth arch, third branchial, and its fibres pass mediad and caudad to meet
the other muscle in the mid -line dorsal to the larynx. The muscle is incompletely divided into

a more median and a lateral portion at its origin.

Norris and Hughes also describe a Dilator laryngis, a Sphincter laryngis and a Laryngeus

ventralis.
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There is a little doubt as to whether I have identified the Dilator correctly. I find a very

definite and quite separated bundle of fibres arising fj'ora the third branchial cartilage out near

the most lateral limit of the pars \ entrali8 of the dorso-laryngeua and passing across ventrally to

the other muscles, and obliquely to their fibres, to an insertion into the arytenoid cartilage.

Norris and Hughes depict the dilator between the constrictor pharyngei and the pars ventralis

of the dorso-laryngeus.

The Sphincter forms an almost complete collar for the entrance to the laryirx. Its fibres

are inserted into a mid-dorsal raphe. Its weakest point is ventrally, where it is apparently fused

with the tiny Laryngeus ventralis of the larva.

In addition to these, T find a muscle which appears to be the Interbranchialis 4 which these

authors describe in Herpele. It is a narrow thin muscle which arises from the tip of the last two
branchial arches by a fine tendon and, widening slightly as it passes caudad and mediad, is

inserted a little distance behind the larynx into the tissue at the side of the trachea. The muscle

ia certainly not a fourth interbranchial ; it may perhaps be derived from a fifth arcli, or it may
be an anterior slip of the rectus abdominis.

The Hypobranchial Spinai. Muscles.

The Genio -abdominis (Fi/^s. 91, 92, G-d.) (Thoracicohyoideus of VViedersheim and of Norris

and Hughes) arises from the mandible just to one side of the symphysis. Tlie fibres pass back

to be inserted on to the anterior edge of the first ceratobranchial cartilage. From the posterior

edge of this cartilage the muscle takes a second origin and continues caudad to an intersection

placed below, and attached to, the third eeratobranchiaJ. Behind this interBection the muscle

ia continued to become fused with the rectus abdominis.

The dorsal surface of the muscle is practically continuous with the interarcual muscles

between the branchial cartilages.

The Genio-hyoideus (Fig. 92, G-hy.) muscle arises from the mandible dorsal to the genio-

abdominis and, being wider than this last, may be seen lateral to it, before the more superficial

muscle is removed. It is inserted into the anterior edge of the ceratohyal cartilage and to the

central piece which connects this to its fellow^.

4. Review.

The several short discussions which have been introduced in the cour.se of the description

of the cephalic musciilature of the abranchiate amphibians renders a lengthy tovIow of their

features xmnecessary.

The Ptekvgoideits Muscle.

A final review of the evidence on which this muscle was identified as the pterygoideus in

the Elasmobranch fishes is advisable before passing- to the higher vertebrata.

The most recent discussion on the origin of the pterygoideus muscle with which I am
acquainted is that in Dr. Lightoller's work on *' Probable Homologues in other Vertebrates of

sorae of the Elasmobranch Constrictors and Levators ".

I am deeply indebted to Dr. Lightoller, not merely for permission to read his typescript,

but for the present of a copy of it, together with a set of his illustrations. I found his work
exceedingly valuable, and I owe not a little to his stimulating criticisms of my own work as it

progressed.

He and I have approached the same problems from rather different angles, and, after

numerous discussions, have agreed to differ on certain questions. One of these ia the origin

(evolution) of tlxe pterygoideus. That we should be unable to see eye to eye on this question

may be regarded as one of those numerous instances which illustrates the importance of the

personal factor in equations of this kind.

Now it is unquestionable that the levator maxillae superior of Carcharinus is very similar

to the pterygoideus of the amphibians, but it is believed that this similarity is more apparent

than real. This muscle is situated behind and lateral to the mandibular and maxillary rami of

the fifth nerve, whilst the pterygoid of the amphibians is situated medial to and in front of these

nerves.

It may also be pointed out that the levator maxillae superior could, apparently, only attain

to its insertion on the kiwer jaw by means of the subdermal fascial layers, so that a mandibular
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adductor derived from this muscle should have its insertion superficial to that of the muscles

derived from the elasraobraneh adductors, whereas the insertion of the pterygoideus in th©

tetrapods is always deep to the other muscleg of mastication.

Another line of comparison offers further support for the interpretation of the origin of the

pterygoideus muscle which is hero advanced.

In such bony fishes as Amia, Poljjpterus, Qirella and Platycephalus, the more typical members

of the Teleosts, the position, origin, insertion, and relation to the rami of the fifth nerve, of the

muscle which I have identified as the pterygoideus are all such as to satisfy this identification

completely.

In addition to this muscle there is, lying deep to it and also posterior and dorsal, one which a

consensus of opinion, seemingly correctly, regards as the homologue of the elasmobranchian

levator maxillae supei'ior. The muscle in question is the levator arcus palatini. In the

Chondrostei, the levator maxiUae must be regarded as truly represented by the M. protractor

hyomandibulae.

If these last identifications are correct then, clearly the pterygoideus muscle of the bony

fishes caimot have been derived from the first levator also.

Still another objection to regarding the pterygoid as derived from the levator is the relation

of the ramus maxillaris of the fifth nerve to the muscle m the amphibians. Always this nerve

is superficial to the muscle. Since the levator maxillae superioris is placed entirely behind the

fifth nerve in the elasmobranchs, it is difficult to imderstand how it can have found its way, not

only in front of the ner\^e but deep to it, in its alteration to become the pterygoideus. It may be

pointed out that the ramus maxillaris is entirely a sensory nerve, and, therefore, not subject to

transportation by any miiscle to which, otherwise, it would have supplied motor twigs.

On the other hand, the relation of the muscle which I have identified as the pterygoideus

in the elastnobranchs, to the branches of the fifth nerve is the same as that of the pterygoideus

in the amphibians and remains constantly so in all the changing forms that have been passed in

review in the preceding pages.

The ramus ophthalmicus profimdus may pass forward either superficially to the muscle,

or in rare instances deep to it, both in the elasmobranchs and amphibians.

The ramus maxillaris in every instance passes forward superficially to the muscle.

The ramus mandibularis either passes behind the muscle or it crosses aiiperficially to it

between origin and point of insertion.

The diagram (Fig. 93) is mtonded to illustrate the relation of the pterygoideus muscle to

the maxillary ramus of the fifth nerve as the muscle changes its situation. A, represents three

elasmobranchian situations for the origin and insertion of the muscle ; the nerv^e passes forward

superficially to the muscle. In B, we have the m^lscle arising behind the orbit, but in front

of and above the exit of the nei-ve, as in several amphibians. In C, we have illustrated the

condition in the Axolotls ; the nerv e has to run backwards beneath the nmscle to reach its

posterior margin, aroimd which it turns in order to pass forward. In D, we have the pterygoideus

medius and intemus of the reptiles illustrated. In E, the temporo-masseteric mass is illustrated,

lying superfieiaUj' to the nerves. In F, the temporo-masseteric muscles deep to the pterjgoideus

externus are shown by the dotted lines, and the ramus maxillaris is indicated as running forward

to the anterior margui of these and then turning back so as to curve around the posterior margin

of the pterygoid muscle, as in C. This last illustrates the fact that the more superficial muscle

is really deep to the nerve which, itself, is deep to the more deeply placed muscle.

It is of interest to note in this connection that in the AxolotI the posterior extension of the

pterygoideus muscle is correlated with a posterior transportation of the proximal portion of the

ramus maxillaris. This, instead of coursing straiglit forward, as it does in those amphibians in

which the M. pterygoideus does not extend its area of origin back to the otic capsule, passes

from the foramen prooticura first dorsad and caudad and then turns forward over the posterior

margin of the muscle. Actually this moans that the nerve passes first backwards and then curls

dorsad around the inferior margin of the raiiscle in order to pass forward to its destination.

The significance of the partial division of the pterygoideus muscle into partes intemus and

extemus in Necturus, its division into three parts m PseurJotriton^ and the presence of a

pterygoideus intemus muscle inlchfhyopkis will be discussed after the muscles have been described

in the Reptilia and the Aves.
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THE MUSCLES OF THE HYOID SEGMENT.
The dorsal muscles of the segment have been suificiently discussed, but some further con-

sideration of my interpretation of the ventral muscles is desirable.

LightoUer, apparently misled by Driiner, regarded the interhyoideus—M. ceratohyoideus

extemus—of the amphibians as an interarcual caducous muscle and dismissed it completely

from his discussion of the amphibian ventral constrictors. This resulted in his acceptance of

Driiner's identification of the fore part of the superficial ventral hyoid constrictor as the

interhyoideus.

I have shown that the " cerato-hyoideus externus " is a hyoid muscle, that it develops from
the hyoid muscle plate, and has, in the 13 mm. larva of the Axolotl, no relation to any other

than the hyoid segment. Norris and others have shown that the muscle is innervated only

by the seventh nerve. The muscle is not caducous, but persists as a functional muscle in the

adult of every amphibian in which it is developed.

E. P.

Fig. 93.—A diagranimntic preaentation of the relation of the muscles of mastication to

the branches of the fifth nerve.

I have foimd, further, that the primitive origin of the superficial constrictor of the hyoid

segment is not in any part from the ceratohyoid, as in the adult, but entirely from the sub-

cutaneous tissues dorsal to the upper end of that cartilage and along a line which commences
in front of and ends well behind that upper end. The origin of the anterior part of the muscle

from the ceratohyoid in the adult and older larvae is a secondary origin.

Unquestionably the appearance of the anterior part of the Csv.2, that which Lightoller and
I designate Csv.2a, is very much, if not exactly, that of the interhyoideus of the elasmobranchs,

but, it is believed, this resemblance is a parallelism and not a true homology.

In Notophthalamus the division of the Csv.2a into a pars superficialis and pars profunda,

the latter arising in part from the cerato-hyoid cartilage, and running obliquely forward deep to

the Csv.l, makes the resemblance to the elasmobranchian condition more perfect.

It is noteworthy that in the earliest stages no part of the ventral hyoid musculature arises

from the ceratohyoid cartilage, that in this stage—the 13 mm. larva of the Axolotl—the superficial

constrictor sheet is quite continuous, and the interhyoideus, deep to it, arises from the tissues

close to the dorsal end of the ceratohyal. In all the adult urodeles studied one finds the anterior



194 MEMOIRS OF THE AUSTRALIAN MUSEXTM.

part of the constrictor sheet passing deep to the posterior end of the mandible to gain an attach-

ment to the dorsal end of the ceratohyal, whilst the dorsal end of the interhyoideus has been
forced, or has moved, back to gain an attachment to the dorsal end of the thyreoid cartilage,

developed from the last branchial cartilage.

Comparison with the muscles in the Anura seems to lend further support to the identification

of this anterior part of the superficial constrictor as the interhyoideus. In these forms the

muscle which Gaupp designates the subhyoideus, and which is correctly identiOed as the inter-

hyoideus by LightoUer, is developed from a muscle which, m early larval stages, arises from the

ceratohyal cartilage on each side and meets its fellow in a mid-ventral raphe. There can be
no question that this is a veritable interhyoideus.

But the position is complicated by the fact that there is no muscle developed in the Anura
which may be identified as the superficial constrictor.

In these amphibians the Csv.l presents three very definite parts, (1) a submentalis, and
(2) an intermandibularis posterior, whose fibres are oblique to and underlie (3) a pars anterior,

just as the anterior fibres of the C8v.2 underlie those of the Csv.l in the urodolos. On the other

hand, the fibres of the interhyoideus do not underlie the M. intermandibularis in the Anura.

The interhyoideus of the Anm-a, then, resembles the anterior part of the Csv.2 of the Urodela
in its origin from the upper end of the stylohyal, but differs in that it does not gain an insertion

deep to the Csv.l.

In the Anura there is no cerato-hyoideus extemus.

It is surely only reasonable to conclude that there is no cerato-hyoideus externus, because
the muscle deep to the constrictor which gives rise to it in the urodeles has here given rise to a

superficial constrictor.

Again, in the Anura the superficial hyoid constrictor sheet is one muscle, and one only,

whereas in the Urodela the constrictor sheet is always sharply divided into two, recalling the

partes arcuata and inscriptionalis of the elasmobranchs.

Lightoller has suggested that the cerato-hyoideus extemus may be, in part, a ventral

extension of the pars quadrate -hyoidea of the Csd.2. Whilst the origin, dorsal to the raid-

lateral line, supports this suggestion, it may be said that there is no evidence in its development
to indicate a duaUty in its composition.

Finally, if the cerato-hyoideus extemus be not homologous with the interhyoideus of the

elasmobranchs and with portion of the protractor hyoidei of the bony fishes, then it must be
regarded as an entirely new muscle. In view of its large size and importance functionally, this

does not appear a reasonable interpretation. It seems more reasonable to regard it as a muscle

inherited but modified.

Appendix.

The Laryngeal Muscles of the Amphibians.

Mixophyes Tadpole. (Fig. 94.)

The laryngeal muscles here described are those of a tadpole of full size, but before the

formation of the pectoral limb girdle. It is the same as the youngest stage of which the cephalic

musculature generally was described.

For the study of these muscles, the lar^ a was cut transversely behind the branchial cavity

and all the structures were carefully dissected ofi" the posterior wall. The heart and pericardium

were then removed. The whole branchial structure was then freed from the cranixun dorsally,

and opened along the mid-dorsal line. It was now found possible to cut free the posterior part

of the ba.sket and remove it completely. This portion was then stained and studied, after

clearing and mounting in Canada-balsam, spread right out flat.

The Dorso Laryngeus (D.l.) reaches the larynx, coming from above and laterally to it,

behind the most posterior fibres of the constrictor pharyngei. Just before the muscle reaches

the outer margin of the sphincter laryngei it turns on its edge so that the most anterior fibres

reach the dense procartilaginous tissue .sm'rounding the laryngeal aperture on the dorsal surface

thereof and along the anterior half of the length of the sht-like closed aperture. To reach this

insertion the fibres pass dorsally to and m front of the anterior half of the sphincter.

The Constrictor Pharyngei (Cph.) apparently acts as a subsidiaiy dilator of the larjmx.

A posterior fasciculus of its fibres diverges from the rest of the muscle a little distance above and
behind the larynx and passes to the anterior and deeper edge of the sphincter, and the fibres are
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inserted into the same raphe to which the fibres of that muscle are inserted. Actually, right

at their termination these fibres are in series with those of the sphincter.

The Sphincter Laryngei (Sph.) would perhaps be better termed a laryngeus ventralis. The
muscle is in two halves ; each arises in the mid-line behind the larynx and curves round it to be

inserted into a raphe in the mid-line in front. The posterior raphe is exceedingly thin, so that

it is only under higher magnification than one uses for dissection that one discovers the inter-

ruption in the continuity of the fibres. The anterior interruption, on the other hand, is quite

an obvious gap between the two muscles. It is this division into two halves -which suggests that

this is really a laryngeus ventralis and not a true sphincter.

The division of the muscle strongly suggests that it is derived from two muscle plates, and,

as it is a ventral muscle, the suggestion presents itself that it is a ventral " rest " of a fifth branchial

segment.

C.ph.

Fig. 94.

—

Mixophyes tadpole, stage C.—The laryngeal muscles.

Neciurus.

The Dorso-laryngeus and the Constrictor pharyngei are as in the Axolotl, except that the

latter lies entirely dorsally to the lai-ynx and trachea, meeting its fellow in a median raphe above
the trachea behind the larynx.

The Laryngeus Ventralis is a triangular little sheet of muscle which arises from the fascia

behind the constrictor pharyngei and ventrally to the dorso-laryngeus. At its origin the muscle
is very narrow, but as it passes mediad and rostrad towards the mid-line its fibres radiate and are

attached to the dorsal edge of the arytenoid cartilage beneath the median end of the fibres of
the dorso-laryngeus.

This last muscle is peculiar and imlike any other amongst the many forms studied.*

Its point of origin is quite a distance from the mid-line ; actually it is at about the junction

of the middle and median thirds of the distance between the mid-line and the margin of the last

branchial cartUage.

The Sphincter Laryngei is a very small muscle, just a few fasciculi which arise from a dorsal

raphe at the anterior end of the arytenoid cartilages and pass roimd to be inserted beneath
them, but not meeting in a median raphe ventrally.

Amphiiimu.

I have not been able to dissect Amphiuma ; the following description is based upon a study
of several excellent sets of serial sections. For these my grateful thanks are tendered to Professor

H. W. Norris. These sections formed portion of the material Professor Norris worked on when
he wrote his account of the cranial nerves of Amphiuyiia means (1908). There are several sets

of transverse sections and one very fine set of sagittal sections. Whilst it was not found possible

to determine the whole cephalic muscular anatomy with sufiicient certainty that it was entu-ely

correct, this want of certainty does not apply to the description of the laryngeal muscles except
as to the origin of the two sheets which are inserted dorsal to the larynx.

This condition recalls thjit of the 7 mm. larva ot lAmnodynastes peronii. Here the post<?rior fibres of the sphincter
appear to be inserted into the loose connective tissue on each side of the larynx a little distance from it ; it

also resembles somewhat the thyreo-arytenoideus ventralis of the adult Hyla.

The laryngeal muscles of Pscudotriton and Siren are essentially similar to those of the Axolotl except that,

according to Wilder (1891), in Siren the laryngeus ventralis is a longitudinal muacle.
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The structure of the arytenoid cartilage is more complex thaji in other amphibians.

The anterior tip of each cartilage lies alongside of the laryngeal fissure and is here a thin

rod of fibro-cartilage ; a little further back it becomes flattened, and extends more deeply. This

added depth is of hyaline cartilage. A ridge next appears on the outer side of the hyaline portion

so that the cartilage comes to be triangular in cross section. The ridge rapidly subsides again

posteriad, but almost at once the cartilage divides into a ventral and a dorsal arm. The ventral

is the shorter and is formed entirely of hyaline cartilage, and tapers to a point rapidly. The

dorsal, fibro-cartilaginous, arm is continued backwards and fuses with a succession of tracheal

cartilages whose separate identity is manifested only by the fact that they project shghtly both

dorsally and ventrally aroimd the trachea, but fail to meet in the mid-hno either above or below.

In the 51 mm. larva the laryngeal muscles are very simple. A laryngeus dorsalis reaches

the larj-nx from an origin high up on the fascia dorsalis and its fibres pass rostrad and ventrad

to their insertion into the connective tissue condensation around the larynx close to the dorsal

margin of the embryonic cartilaginous arytenoid. The Constrictor pharyngei has a dual origin :

the more dorsal is from the deep, subdermal fascia immediately behind and lateral to the dorsal

tip of the last branchial cartilage, the more ventral is from tlie dense connective tissue behind

the tip of that cartilage. The fasciculi from these two origins meet behind and medially to the

last cartilage and are continued mediad to be inserted into a mid -ventral raphe ventrally to the

larynx and trachea.

The laryngeus ventralis and constrictor laryngei are both present ; neither extends more

than half-way round the larynx.

In the adult the same muscles are present but they have been rearranged.

The Dorso-laryngeuB arises from a connective tissue condensation which is situated a little

higher than, and just behmd, the tip of the last branchial arch. From above this point, there

radiate dorsad the fibres of what is probably a pars dorsalis of this muscle, the appearance being

very much that of the pars dorsalis of the muscle iii Ichthyophis. From its origin behhid the

last branchial cartilage, the dorso-laryngeus passes rostrad and ventrad. The muscle is somewhat

broader than that of Ichthyophis and also stouter. The more posterior fibres are iziserted into

the ridge of the arytenoid, but the great bulk of them are collected into a rounded muscle which

courses forward alongside of the dorsal edge of the cartilage just above the ridge till the most

prominent point of it is reached, when the muscle tapers suddenly and is inserted into that point.

In sagittal sections this muscle is very definitely divided into a dorsal and a ventral bmidle

of fibres between its origin and insertion, and it is believed that the more posterior fibres are

those which, behind their msertion, are gathered together to form the ventral bundle. This

suggests that there is here a dilator larjaigei, as in Ichthyophis, but the fibres are so completely

devoid of any dividmg fascial or perimysial plane at both origin and insertion that it is not possible

to assert the duahty of the muscle.

The Constrictor Pharyngei is a thicker and broader muscle than the dorso -laryngeus. It

arises behind and below the other from the connective tissue aroxmd the dorsal end of the last

branchial cartilage. It is not nearly so broad a sheet of fibres as is the muscle in the Axolotl,

bemg more like that of the adult Ambhjstoma, though relatively thicker. The msertion is into a

mid-ventral raphe below the larynx and anterior end of the trachea. Its course is parallel and

ventral to the dorso-laryngeus, but its anterior fibres reach foi-ward only so far as the posterior

margm of that muscle, whilst the posterior fibres are placed further back. I do not find any

fibres of this muscle to have an insertion other than into the ventral raphe.

The Sphincter Laryngei.—The fibres of this nniscle arise from a median raphe dorsal to the

larynx, commencing immediately behind the apex of the lateral ridge of the arytenoid cai-tUage.

They are placed between the longitudinal portion of the dorso -laryngeus and the cartilage as they

pass aromid the larynx to be inserted into the mid-ventral raphe between the larynx and the

constrictor pharyngei. These fibres have a slight inclmation caudad from above down.

The Laryngeus Ventralis.—This name has been applied to a well differentiated muscle anterior

to the sphincter. Its fibres arise from the mid-ventral raphe in front of the constrictor pharyngei.

They pass dorsad with a slight inclination caudad to be inserted into the submucosa on each side

of the larynx.

Ainhlystoma. (Fig. 95.)

The Arytenoid cartilages are simple, elongated plates of cartUage enlarged at the anterior

end.
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The Dorso-laryngeus (D.l.) and Constrictor Pharyngei (C.ph.) have already been described.

SufBce it here to say that the dorso-laryngeus curls dorsad, just as it reaches the lateral margin
of the sphincter, in order to reach the dorsal edge of the tip of the arytenoid cartilage in front of

that muscle, where it is inserted.

The Sphincter Laryngei (Sph.) presents a relatively wide interval between its two halves

doraally ; ventrally they meet one another at the mid-ventral raphe.

Fig. 95.

—

Ambhjstoma.—The laryngeal muscles.

The Laryngeus Ventralis (L.v.) arises from the raid-ventral line below the anterior margin

of the sphincter and winds round the outer surface of that muscle from in front caudad and dorsad,

to be inserted into the arytenoid cartilage behind the sphincter.

In this amphibian, as in Hyla, there is a deep slip of the rectus abdominis which takes its

origin anteriorly from the submueosa a short distance posterior to where the dorso-larjmgeus

leaves the ventrum of the pharynx to pass dorsally and laterally beyond it. This slip recalls,

strongly, the so-called intei'branchialis 4 of the Caecilians.

In the 13 ram. larva it is not possible to recognize a laryngeus venti'alis differentiated from
the sphincter.

In the well-grown Axolotl the laryngeus dorsalis—dorso-laryngeus—is a wider sheet of fibres

and it lies for the most part ventrally to the larynx and trachea. A few fibres, comparable in

number to those present in the adult muscle, along the anterior border of the muscle only find

their way to the dorsal edge of the aiytenoid cartilage in front of the sphincter,

Molge.

The Constrictor Pharyngei (Fig. 96) is here reduced to an oval strand of muscle fibres which

pass around the lateral fornix of the pharynx auJ across its floor to reach the ventrum of the

larynx. Here the fibres are spread out just suificiont:l,v to permit of the formation of a complete

muscular layer below the larynx and are inserted into a mid-ventral raphe. Just where the

muscle roaches the ventrum of the pharynx it is interruiited by a tendinous intersection, very
similar to timt whii.:h interrupts this i^tiuselo in. AinhUjstoma. It is exceedingly fine and only

visible when the dissected muscle is viewed by transmitted light after staining and clearing.

C.ph.

Fig. 00.

—

Mohje.—The laryngeal muscles.

The Dorso-laryngeus passes from its origin alongside the last muscle till it has almost reached

the larynx. It now leaves the otlier muscle, turning dorsad and very slightly rostrad, passing

across the anterior face of the sphincter laryngei, and is inserted into the anterior end of the

arytenoid cartilage near its dorsal edge.

The vSphincter Laryngei arises from the mid-ventral raphe below the larynx and cur\'es

round it with an inclination rostrad to be inserted into a mid-dorsal raphe above it. A bundle of

I*
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these fibres appear to have a shghtly more obhque direction than the others, to be inserted a
little distance from the mid-Une amongst the connective tissues beneath the mucosa. These
perhaps represent a Laryngeus Ventralis muscle.

Ickthyophis. (Fig. 97.)

The muscles of the larynx in the adult Ickthyophis are slightly different from those of the
larva, as described by Norris and Hughes. They have already been briefly described.

The Hyopharyngeus intemus (C.ph.) has been already described as the homologue of the
constrictor pharyngei (transversus ventralis 4). This muscle is perforated by the larynx. It
arises from the median edge of the last branchial arch and its fibres are inserted into a median
raphe, except where they are attached to the larynx or trachea as that passes through the muscle.
The anterior fibres have a direction mediad and caudad at a sharp angle ; the most posterior
pass almost directly mediad, with only a slight inclination caudad.

Fig. .—Ickthyophis,—The laryngeal muscles.

The most anterior fibres are in front of and ventral to the larynx
; those next to these ai-©

inserted into the arytenoid cartilages as they penetrate the muscle obliquely from in front caudad
and ventrad, behind these the fibres are inserted into a median raphe dorsal to the trachea.

The Hyopharyngeus (Hy.ph.) has been identified as the pars ventralis of the dorso-laryngeus.
The muscle lies entirely dorsally to the larynx and trachea. Its fibres arise from the same edge
of the last branchial cartilage as the last muscle and pass obUquely caudad and mediad to be
inserted into a mid-ventral raphe dorsal to the trachea and larynx. These fibres are imperfectly
divided into posterior and anterior portions, the latter arising from the more central, or ventral,
the former from the more lateral, or dorsal, portion of the branchial arch.

The Dilator Laryngis (D.la.) arises from the tip of the last branchial arch and pass mediad
with a slight inclination rostrad to be inserted into the arytenoid cartilage towards its posterior

end. In the adult, this muscle lies posterior to, and is not overlapped by, the hyopharyngeus
ventrally, but it would appear that such an overlap is present in the larva. It is possible that
this is a specialized portion of the Dorso-laryngeus pars ventralis.

The Sphincter Laryngei (Sph.).—I have adopted this name rather than increase the synonymy
of these muscles, but as it is not a continuous circular muscle the name is probably incorrect.

Constrictor laryngei would be more appropriate.

The muscle is in two halves ; each half arises from the strong connective tissue ventral to

the larynx and curls round it to reach its fellow in a mid-dorsal raphe. The ventral gap between
the two muscles is, as in Mixophyes, quite appreciable.
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The Laryngeus Ventrails, which Norvis and Hughes describe in the larva, in not distinguish-

able in the adult. This has been determined, like ail the other features of Ichthyophis, by careful

comparison of the entire specimen and the serial sections.

AVhilst it proved possible to dissect all the muscles described, the dissection was further

checked by separating the whole of the muscles, together with the larynx and anterior part of

the trachea and ventral laryngeal mucosa, and then, after staining and clearing, studying tliem

again.

The " Interbranchialis 4 " (I.br.) which Norris and Hughes describe in Herpeh is present

in the adult Ichthijophis.

Hyki. {Figs. 98, 99.)

The three ptery-hyoid muscles and the Constrictor Pharyngei have already been sufficiently

described (p. 184).

The arrangement of the remaining muscles is quite unlike any that have been previously

described, and the identification of the muscles of those simpler fonns in this complex laryngeal

mechanism is by no means a simple matter.

Figs. 98-99.—J7i/7rt.—Laryngeal muscles. C, Cricoid cartilage ; T.a.d. & T.a.v., Mm. thyreo-
aryteuoideus dorsalis and ventralis

;
T-c.l., Thyreo-cricoid ligament

;
V.c, Vocal cords.

The Sphincter Laryngei (Sph.).—This name is applied to a muscle which almost completely
surrounds the larynx towards the ventral edge. The muscle arises from the perichondrium of the
arytenoid cartilage a httle behind the anterior end thereof, and is inserted into a median raphe
posteriorly. The muscle is incompletely divided into two portions ; some of the dorsal fibres

arising anteriorly are inserted into the perichondrium a short distance from their origin, whilst
some of those inserted into the posterior raphe do not extend quite half-way towards the anterior
origin of the muscle, but are inserted like the short- anterior fibres.

The Laryngeus Ventralis (L.v.) arises from a median raphe anterior to the larynx and passes
around it dorsally to the Sphincter to be inserted into the median posterior raphe.

The Thyreo-arytenoideus Ventralis (T.a.v.) arises in common with the laryngeus ventralis.

Its fibres pass caudad and dorsad to be inserted along the median and ventral margin of the
ossified thyreoid cartilage.

The Thyreo-arytenoideus Dorsalis (T.a.d.) arises from the median and dorsal edge of the
thyreoid bone and pass :\s dorsad and mediad to be inserted on to the lateral surface of the
arytenoid cartilage above the laryngeus ventralis.
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To attempt the identification of these muscles without detailed knowledge of their develop-

ment is to some extent speculation, but there is evidence which justifies the speculation, and

seems to indicate that the nomenclature adopted is probably correct.

It is necessary, first of all, to recognize that the anterior end of this larynx is the ventral

end of the more simple larval larynx, and that the dorsal surface is the posterior end.

With this recognized, one cannot but remark that the dorso-laryngeus of the branchiate

amphibians is inserted on to the arytenoid cartilage hi front of the constrictor laryngei. We
further recall that we have had reason to believe that the dorso-laryngeus is interrupted at the

tips of the branchial cartilages in the caecilians.

With these facts in mind, one suggests that the dorso-laryngeus in Hyla has been inteiTupted

at the thyreoid cartilage and that its pars ventralis is the muscle which has been designated the

thyreoarytenoideus dorsalis, its pars dorsalis being that which has been designated the dorso-

laryngeus.

The laryngeus ventralis is here thought to have been divided into laryngeus ventralis and

thyreo-arytenoideus ventralis.

In view of the fact that in the tadpole, prior to metamorphosis, a few of the posterior fibres

of the constrictor pharyngei are intimately related to the antero -ventral portion of the larynx,

there is justification for suggesting that the cianio-hyoideus and cranio-hyoideus anterior are

portions of the constrictor pharyngei.

THE SKULLS OF THE AMPHIBIANS.
1. The Dipnoi.

The skull of the dipnoans is peculiar by reason of the very complete retention of the

cartilaginous t;ase in the adult, more complete than, and more maBsi\-c than, even any elasmo-

branch presents us with.

That of Nmceratodm was very fully described by myself in 11)31, and that of Lepidosiren by

Bridge in 1893. It is believed that the reproduction of the illustrations which accompanied

those doscriptions is sufficient for the present piu'poses (Figs. 100-109).

lii- IV. V. vL

103

I'igH. ]{iO-103.—Neoccratodus. Figs. 100-102. Tlu-ee viows of the chondrocraiiiuni. Fig. 103. Side

view witli tlie dermal bones in place.
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Before proeeediiig farther, however, it will be convenient, with these illustrations before us,

to discuss the significance of the three big bones on the base of the skull and that on the side of

the skull which I identified as the squamosal bone,

The parasphenoid, lying upon the base of the skull in the middle, is at once recognizable.

As compared with that of the fishes, it is markedly reduced. The lateral wings, which are of

almost universal occiurence in the fish skull, are missing.

On either side of the parasphenoid is the bone which has been designated pterygo-palatine.

These occupy essentially the position of the pterygoid bones of such reptiles as the chelonians

and cotylosaurians. When compared with the fishes, the three bones together will be observed

to occupy almost the position of the parasphenoid.

The designation pterygo-palatine is either one of convenience, a cloak to cover ignorance,

or it is an implication that we have here a bone which is a combined palatine and pterygoid.

Whilst the evidence in favour of a palatine component is far from convincing, its situation and its

manner of development, as a membrane bone applied to the base of the skull, are, it is believed,

sufficient to satisfy all the demands of an identification as the pterygoid bone, homologous with
that of the reptiles and embolomeran amphibians. The so-called pterygoid bone of all other

amphibians develops as a membrane bone in relation to the palato -pterygoid arch, and may or

may not make contact with the side of the base of the skull and the edge of the parasphenoid

bone which covers that base.

Figs. 104-105.

—

Nt'ocerolodus. Outlines of tlie bones, seen from above and from below.

Now, the dipnoan amphibians resemble the rest of the group in that the pterygoid bones
make contact with the parasphenoid medially. This is a particularly interesting relation, because
it at once suggests that the pterygoid bones are homologous in the two divisions of the group.
The appearances here are entirely deceptive. There is, in the dipnoans, no palato-pteiygoid

arch or process, and the bones are developed quite differently. I would not wUlingly lay myself
open to a charge of dogmatizing and, therefore, explain that the appearances are regarded as being
"entirely" deceptive because, for me, the evidence of development outweighs mere adult
topographical relations ; since the pterygoid bone of the dipnoan amphibians develops differently

from that of the remainder of the amphibians, it is deemed to be a different bone in the two groups.

This belief is further siipported by the resemblance of the dipnoan bone to the pterygoid of
many reptiles, both in the manner of its development and in the topographical relations in the
adult. The topographical relations of the adult bone in the Embolomeri are much more nearly

those of the reptiles than those of the amphibians, and in them the parasphenoid is probnbly
entirely absent.

In the fishes, one seeks in vain for any bones which may be compared with the pterygoids of
the dipnoans. One is, once agaui, stmck by the fact that the parasphenoid of the fishes occupies
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the position of all three, so that one could readily reproduce the dipnoan condition by cracking

free the lateral wings of the parasphenoid. Unquestionably, the lateral portions of the para-

aphenoid as seen in the fish have, in the dipnoans, been replaced by the pterygoids.

The question now arises : Is this a replacement by some other element, or is it the result of

the failure to fuse of three centres of ossification of the complete bone ?

The latter seems the more probable explanation ; it is simple and calls for none of the

complicated series of changes which must have preceded replacement by some other element.

What were those complicated changes ?

Firstly, it coidd be assumed that the replacement was by an entirely new centre of

ossification. The possibility of this is at once admitted, but if this new centre developed on an
already fully encased skull, it is difficult to understand why it should have arisen. On the other

hand, if it appeared at the lateral edge of the parasphenoid on a largely cartilaginous skull, why

Figs. \06-l09~Lepidosimi (from Bridge, 189S),

should it have invaded an area already adequately protected by the parasphenoid, and in doing

so surely introduce instability into an area of bone to which important muscles of mastication

were almost certainly attached ?

Before passing to consider another possible method of replacement it should be noted that a
" new centre " hypothesis must imply a homology with the pterygoids of the remainder of the

amphibians.

A second possibility is to assume that one of the bones of the palatal arch has come to occupy

this situation.

In the fishes, with the exception of the Holocephali, the palate is hung to the skull by the

hyomandibular bone or cartilage.

The Holocephali themselv^es, in a number of features, provide the evidence that the inception

of the monimostylic suspension, characteristic of the amphibians, antedated the development

of the piscine bony palate, possibly without any stage of hyoid suspension. If we grant that the

evidence under this head is inconclusive, it is still difiicult to accept the theory that one of the

bones of the palatal arch has migrated back and taken up this position on the base of the skull,

as against the more simple explanation of the origin of the bono by the splitting of the

parasphenoid

.
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There are no recognizable transitional stages in the progression of the palatal element.

Therefore, if we adopt this hypothesis, it is left to our imagination to decide whether we prefer

to believe that the palatal element became attached to the base of the skull anteriorly and grow
backwards, or that it, in effect, crawled up the mandibular arch and became attached posteriorly

and then grew forward.

If the bone is to continue to be regarded as the homologue of the pterygoid of the remainder

of the amphibians, except the Embolomeri, one or other of these hypotheses must be accepted.

Some workers may elect to make the choice, but for me it appears a useless and fruitless exercise

of the imagination.

There is, in my mind, little room for doubt that the pterygoid bone of the dipnoane

is homologous with that of the embolomeran amphibians and with that of the reptiles, and in

these we can see the reduction of the median remnant of the parasphenoid.

E

Fig. 110.—A. MegalicMhys. B, likizodopsis. C, Osteolepis. D. Amia. E, Polypterus (from
Wellburn and Gregory, Traquair, Gregory and Allis).

Entering the realms of pure speculation, one could offer a possible mechanical explanation

of the gradual extinction of the central portion of the parasphenoid bone by the mediad growth
of the lateral portions, once the bone had been split, and indeed this may also explain why it was
8o split.

The deeper portions of certain of the muscles of mastication are, and probably were, attached

to the lateral area of the ventral surface of the parasphenoid. It is at least possible that, by
early attachment to the perichondrium, these muscles penetrated the ossific membrane and
determined a line which was not so readily ossified, and in time split the bone into three parte.

Once the bone was split it is, at least, not unreasonable to suppose that, with increasing strain

on the origin resulting from increasing size and strength of the muscles of mastication, there
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would have been increased need of strong attachment of the bone of origin to the skull. This

need could have been met by increased area of attachment of the bone to the skull.

In conclusion, it is believed that the pterygoid bones of the dipnoan and embolomeran

amphibians are homologous, on the one hand with the lateral wings of ihe parasphcnoid bone of

the fishes, and on the other with the pterygoid bone of the reptiles, and that tho so-called pterygoid

bone of the remainder of the amphibians is not homologous with these.

The squamosal bone of the dipnoans is of interest as an important Imk in the probable

evolution of the tetrapod bone from one of the bones of the cheek armat i.ire of the fishes.

In Neoceratodus the bone presents a dorsal squame, which is in series \vith the other subclermal

bones that form the roof of the temporal fossa, and a descending limb which is fitted to the upper

surface of the quadrate cartilage. The homology of this bone with those of the higher vertebrata

was, it ia believed, sufficiently established in the commimication of 1931. At that time it was

not known that the bone in Neoceratodus resembles completely that tif such anm*an forms as Bufo

and Calyptocephalus.

Before proceeding fiuther, I would stress again a point of view stated previously (1931,

p. 256) :
" Any attempt to homologize the cranial elements of the fishes, dipnoans and [other]

amphibians can only be made under the assmnption . . . that, having evolved from a common
ancestor, the same inherited [evolutionary] potential pi'oduced the same cranial elements in

all.'^

This attitude permits one to discuss and suggest homologies in vai'ious fonns without, of

necessity, implying that any of the elements are derived directly from any other.

It appears probable that the squamosal of the tetrapods has been evolved by the inodification

of a bone comparable to the preoperculum of the fishes, with, perhaps, the addition of one or two

of the cheek plates in front of it.

In Figs. 110 and 111, I have arranged a series of side views of skulls to convey my ideas in

this connection. The squamosal and its assumed homologues have been stippled in each drawing.

Fig. 111.—A, Neoeeratodui. B, Loxonma. C, Sej/mouria. (B and C from Embkton and Atthey,

and Gregory.)

The fish bone from which the squamosal is deemed to have been derived is that one of the

cheek plates which was attached to the quadrate and hyoraandibular. So long as the hyo-

mandibular remained this bone gained only fibrous or no attachment to the skull. Any attach-

ment other than fibrous would have impeded the mobility of the hyo-cranial joint. When the

hyomandibular was absent and the quadrate was firmly attached to the skull, the squamosa!
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also gained attachment to tlie skull, whilst still retaining its relation to tho qnadrato. Both itn

position in the roof of the temporal fossa and its attachment to the qtiadrato arc, then, primitive

featiu'ee and are preserved in Neoceratodus, some anurans, and a large number of fossil amphibians.

Whether the subdermal roofing flange of the bone wliieh is piesent in somo chelonians and other

primitive reptiles is a secondary growth or a persistent primitive feature it is not possible to say.

In the great majority of the higher vert-obrata. ihe quadrate-attached is the only primitive

portion persisting, an<i to this iiave been added various expaiuiod flanges which may or may not

contribute to the completion of tho cranial wall and roof.

Th\ ng (1906) demonstrated the close association of the squamosal bono and the quadrate

cartilage in the embryonic mammal, a relationship which is explained by the foregoing suggestiouB.

2. The Skulls of the Euamphibia.*

The Skull in the Amira.f

(Figs. 112-114.)

In several features the skidl of the Aiiura is more primitive than that of any other amphibian

tj^pe. Of these, two are outstanding : the platybasic " elasmohranchian fomi of the cavum
cranii and the form of the synptorygoid (parasphenoid) covering of the basis of the cranium.

The uniformity of the skull tliroughout the Anura is such that it wore largely a waste of time

to describe any one of them in detail ; all are essent ially similar to the much figvn*ed and described

skull of Rami.

There is an extreme simplification of the ossific puttcrn of this skull as compared with that

of the bony fishes. There are but two ossifications of the primoi'diat cartilage on each side in the

parachordal region, the prootic and the exoccipital, and in the trabecular region only one.

In the young skulls the two ossifications of the parachordal region ar© separate, not only

from those of opposite sides but also from one another.

In the aduJt skull these four ossifications are completely fused and have in their extension

encased tlie auditory capsule in one continuous mass of bone, in which no sutures arc re(H)gniz:abIe.

Not only is this so, but the anterior, prootic, ossification has invaded the side wall of the ca\'Tim

cranii in front of the incisura prootica, giving rise to a veritable alisphenoid lamina.

The ossification of tho primordial cartilage in the trabecula region is more diffuse at its

inception, so that it is hardly possible to regard it as a paired process. In the ultimate result

there emerges a relatively extensive bone which encircles the caviun cranii. The antero -posterior

extent of this area of ossification, the sphenethmoid bone, is subject to fairly wide variation.

It may extend back sufficiently far to articulate with the anterior margin of the alisphenoid

lamina of the parachordal ossification, the prootic, and it may extend so ftu* foi-ward as to

contribute to the formation of the posterior walls of (he nasal capsule. Tho full range of these

variations is presented within the single genus Hyla, and cainiot be regarded aa being of any
phylogenetic significance.

Of the covering bones, commencing with those on the ventral surface, the extensive

synpterygoid, parasphenoid, is one of the most st riking features of tho skull. This largo single

covering bone of the basis cranii is found, elsewhere than in the amphibians, only in the fishes.

Its presence is one of the j>rimitive features of the amphibian skull.

The palatine bones are developed along the posterior margin of the inferior aui-face of tho

lateral expansion of the ethmoidal cartilage behind the nasal capsules. Usually these are but
narrow splints and are devoid of any palatal extension, but at times, and notably in Pelohates,

they extend well over the palatal surface of the ethmoid cartilage and may even reach ant<;norly

to the internal nares. In no anuran skull do those bones articulate with one another at the

mid-line, nor are they found between the nares.

• The term Euamphibia is used here, in a difFerent soiiso from that in which it has been used in the past, to inohide

the Anura, Urodela, Apodcs and Stcgocephalians, except the Kinboloiiieri. A justiflcatiou for this proctidure is

offered in section 3 of " PhyJngciiy of thii Amphibia ", pp. 232-236.

t It mlglit havo liiuni tliouslit advisable to deal first with those very ancient amphibians, the " Kmboionienis "

forms from the Lower Carboniferous roeks. They are, Imwcver, reserved till Uie end of tiie section, wlien it will be

found that tlieir peculiar si)eeiidizations arc such tiiat they form a very lltting iutro<iiictiou to the section of the work
dealing with the Skulls of the Ki ptiles. Not only is this so, but any discussion of the fossil forms must rest upon a

knowledge of tho recent, which, alone, we are attle to dissect and U) dieariicidate and thereby determine beyond <loubt

the relations of tlie bones to one another and to the solt atructm-efi. i'or tliis reason none of the fossil forms will be
discussed till the recent have been passed in review.
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The Prevomers are of variable extent. Typically they are situated medially to tho internal

naros, supplying the medial and a large part of both anterior and posterior margins to those

apertures. They may or may not articulate with palatine laminae of the maxilla. Occasionally

these two bones articulate at the mid-line, and commonly they are articulated to the anterior

margin or inferior surface of the anterior portion of the ethmoid ; exceptionally, as in Calypto-

cephalus gayi (Parker, 1881) they articulate with the fore-end of the synpterygoid.

Figs. 112-114.—Bu/o (from Parker, 1881).

The dorsimi of the skull is more or less completely covered by two pairs of bones which

have been designated fronto-parietals and nasals. In Pelobates fuscus (Parker, 1881) the four

bones are fused to form a remarkable solid cuirasse, but in the great majority of instances the

bones are quite separate and distinct.

The Fronto-parietals cover more or less completely the occipital and sphenoidal regions

but may meet at the mid-line only over the former region, and in front thereof may diverge,

leaving an area devoid of bony covering between their divergent ends and the posterior boundary

of the sphenoid bone. The area in question is that of the dorsal fontanelle, and here the cavum
cranii is enroofed by membrane only.

The Nasal bones are variable in their relation to the other pair of roofing bones and in their

extent. Most typically they are developed around the anterior margin of the incomplete

cartilaginous tectum nasi and spread forward over the nasal capsules. In this typical form the

nasals are not in contact with any other bones. Extending further back, they come to lie in
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contact with the anterior portion of the sphenethmoid, and further backward extension leads to

sutural contact with the anterior margin of the fronto-parietal. In. e.g. Calyptocephalus gayi

and Biijo (Parker, 1881) the nasal bones are particularly extensive ; they extend forward almost

to the margin of the external nares and backward, covering the sphenethmoid bone completely,

to Huture with the fronto-parietal, and then, expanding laterally, they make sutural contact

with the ascending lamina of the maxilla. In Bujo agua the nasal bones extend back ao far aa

to give the impression that in this form the skull is roofed by paired parietals and frontals and
that, as in the Chelonia, the nasal bones are absent.

Actually the designation of the nasal bones is rather a matter of mutual agreement than
of definite identification. There are no relations to any structures which permit one to assert

that the bones would not be as correctly designated prefrontals as similar bones are designated

in the Chelonians. The fronto -parietals occupy the area which the frontals and parietals in the

reptiles occupy, but smce we have no evidence of two centres of ossification, one only of those

bones is really present. The decision as to whether the single bone is a parietal which has grown
forward or a frontal which has invaded the region of the parietal is simply evaded in the designa-

tion adopted. It seems probable that, of the two alternatives, the former Is the more likely.

The nasal bones certainly appear to be placed too far forward to be regarded as frontals, but

actually they do not, in the Anura, extend ao far forward as the prefrontals of the Chelonia.

The Septomaxillary bone ossifies in membrane in relation to the dorsal surface of the solum

nasi. There is some variation in its situation, but in the generality of instances it is placed at

the posterior and lateral margin of the external naris. The bone is in all probability a true

dermal roofing bone of the dorsal aeries and the homologue of one or other of the several present

in the roof of more primitive vertebrates. It is not, however, possible to indicate which of those

it does represent.

The so-called Pteiygoid bone, which I would regard as the Os transversum, is a triradiate

bone related to the inner surface of the posterior end of the cartilagmous maxillary arch, the

ramus of the quadrate, and the antero-inferior surface of the auditory capsule. The homologies

of this bone will be discussed at some length in a later section. For the piesent it will suffice to

draw attention to the fact that it develops first as a membrane bone in relation to the posterior

end of the cartilaginous maxillary arch (pterygoid process) and later grows backward to attain

the adult relations. It is in sutural contact anteriorly with the posterior end of the maxilla,

and, finally, it forms the anterior and median boundary to the space through which the muscles

of mastication pass from their origin to reach the lower jaw. This space may be conveniently

designated the via masticatoria, and in the Anura it is bounded medially by the " ptejygoid

laterally by the quadrato-jugal, and posteriorly by the quadrate and its encasing bones, the

postero-lateral ramus of the " pterygoid " and the descending ramus of the squamosal, when
that ia present.

The Squamosal bone is particularly well developed in the genus Bnfo (Parker, 1881), and in

these forms it is strikingly similar to that of Neoceratodus. There is the same splint-like descending

ramus on the antero -lateral siu-face of the quadrate, and an expanded dorsal body, which sutures

with the fronto-parietal and contributes to the formation of an incomplete roof to the temporal

fossa. The squamosal also, in the great majority of the Anura, contributes to the boimdary of

the tympanum dorsally.

The quadrate-jugal bone, probably more correctly designated quadrato-maxillaris, since no
jugal bone ia present, sutiu-es only with the quadrate and the maxilla.

The prootic and alisphenoidal regions of the skull of Hyla will be found described with greater

detail in a later section of this work dealing with the serial homologies of the Alisphenoid bone.

The facial and trigeminal ganglia lie partly within the cranial cavity on a depression on the

floor of the cavity with the prominence of the anterior semi-circular canal behind and above the

recess. Portion of the ganglia, however, protrudes through the foramen prooticum. In front

of the foramen there is an alisphenoidal extension of the prootic ossification. This has arisen by
extension of the ossification into the crista trabeculae from the otic centre, and is very definitely

not contributed to in any way by an ascending process of the quadrate.

The alisphenoidal lamina is perforated by the foramen for the internal carotid artery. It

will be observed that in the Urodeles and in the Apoda this carotid foramen is placed further

back.
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There is no bony or cartilaginous bar between the l)rancheH of the fifth nerve as they pass

away from the incisura prooti{3a.

The Skull in the Vrodela.

(Figs. 115-117.)

The endochondral ossifications of this skull are essentially similar to those of the Anura.

The two ossifications, however, are less extensive, and the sphenethmoid is usually represented

by paired bones which do not meet one another at the mid-line. They have been designated

orbitosphenoids by some wi'iters.

There are four pairs of dermal roofing bones, parietals, frontals, prefrontals and nasals.

The squamosal bone in the great majority of the genera is a simple splint applied to the

lateral and dorsal surface of the quadrate ramus, but in exceptional instances is expended in the

temporal roof and may make sutural contact with the parietal and with the frontal.

p. lax.

"Fifjs. \^?)-W:.Siehoklia (from Parker, 1882).

The quadrato-jugal is absent, and, except in a few instances, in which the maxilla is extended

far back, there is discontinuity in the maxillary arcade between the posterior end of the maxUla

and the quadrate. In some fonns the maxilla is reduced almost to complete extinction. The

premaxiila commonly presents ascending processes which suture with the nasals between the

external nares. The maxilla, when well developed, may suture with nasal, prefrontal and

frontal, laterally to the external nares.

On the ventral surface of the skull the most extensive bone is the synpterygoid. This is

not " T "-shaped as in the Anura. but tapers forward from its broadest point, below the auditory

capsules, to its trimcated anterior end. Actually the width of the bone is subject to greater

variation than in the Anura ; it is widest in such forms as Cryptohrarichus and Menopoma and

narrowest in the English Newt (Molge).

The Prevomers are very extensive bones. Developed at first in the same situation as those

of the Anura, they, in late stages of larval and early adult life, grow backwartls on either side of

the mid-line, lying below the anterior portion of the synpterygoid.

The Palatine bone is evanescent. It appears in early stages of development in the situation

of the palatine in the Anura but disappears later.
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The Pterygoid " bones are subject to very wide variation in their size. Again Crypto-

branchus may be taken as one extreme and Molge as the other. Jn the former genus the bone
bears resemblance to that of the Anura, but with the wide angle between the two auterioi' rami

filled in and the bone extended forward to form an extennive floor to the temporal fossa. As in

the FrogvS the via masticatoria its boimded medially and anteriorly by this bone. In Molge the

pterygoid is reduced to a short splint with an expanded base which lies upon the ventral surface

of the pterygoid process of the quadrate. In the former genus the pterygoid sutures with the

lateral edge of the synpterygoid for some distance, in the latter genus it sutures with no bone

at all.

The development of the pterygoid " is a matter of importance, as its homology with the

similarly-named bone in the Embolomeri and Reptiles will be questioned later.

It may be stated that throughout the recent Amphibia the so-callod pterygoid develops as

an epichondral ossification in mcmbi-ano in relation to the pterygoid process of the quadrate ;

later it extends so as to cover part of the ventral surface of the auflitory capsule and to sutxu'e

with the synpterygoid. Parker, very significantly, wrote of Siren (1882), The suspensorium,

having no pterygoid outgrowth, and no correlated pterygoid bono, is naked below emphasizing

this constant relation.

With but rare exceptions, the quadrate presents well developed ascending, otic and basal

processes by which it is articulated to the otic and prootic region of the cavurn oranii. The
ascending process* rises in front of and lateral to the prootic foramen and fuses with the crista

trabeculae. In the gi'oat majority of the genera the greater part, if not the whole, of the quadrate

remains unossified, as also does the prootic portion of the crista.

The otic process* may or may not fuse with the upper part of the otic capsule ; in the

majority of genera the fusion is very complete.

The basal process is attached to the anteroventral and lateral corner of the otic capaule and
is confluent with the ototrabeeular bar in this position.

Immediately behind, and slightly above, the articular surface of the quadrate there is

conunonly a posteriorly projecting stapedial process with which the outer end of the stapes

articulates.

Opposite the stapedial process there arises a pterygoid process of very variable length,

absent altogether in some forms ; in most it is continued forward close to the trabeculae, but
lateral and ventral to them, to fuse with the antorbital cartilage.

The foramiiia for the exit of the fifth and seventh nei'ves are found on the inner side of the

cranial cavity near the anterior end of the otic capsule.

The Gasserian ganglion lies entii-ely within the cavmn cranii in a recess boxmded by the

otic capsule behind, the crista trabeculae in front, and the auditory and ascending processes of

the quadrate latei-ally. Its three branches leave the cranium through the foramen prooticum.

The maxillary and mandibular rami pass on their way posteriorly to the ascending process, whilst

the ophthalmic division insinuates itself between the ascending process and the crista trabeculae,

passing forward to the inner side of the process.

The geniculate ganglion lies, for the most part, within the ci-anial cavity though portion

of it may be insinuated along the facial canal. This latter perforates the fore-end of the otic

capsule, and through it the ramus hyomandibularis reaches the outer surface of the otic capsule

behind the stapedial process of the quadrate. The ophthalmic branch of the nerve passes through
the foramen prooticum along with the maxillary division of the fifth. The palatine division

penetrates the floor of the cranium, passing close to or through the carotid foramen to reach the

anterior division of that canal along which the palatine terminal branch of the vessel travel i.

The Skull of the Caecilians.

(Fig. 118.)

In their cranial characters the Caecilians present the same similarity one to the other that

was observed in the Anura. In the complete cranial roof they present striking similarity to

certain of the Stegocephali, and this similarity is also present in the palatal architecture, though
not so markedly, and yet, perhaps, it is more genuine.

• Watson has confused these two procesrics ; for he writes of the Upiior Tiiassic StereoapondyJs that tliej' have
" an otic process of the palatoqtiadratc cartilage, which articulates with the prootic region of the skull " (1919, p. 5S).

It Ls the ascendmg process of the Urodelos wlilch articulates with the prootic region of the skull.
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Apparently the endochondral ossifications are similar to those of other Amphibia, but

their development is not so well known, so that it ia not possible to speak confidently here.

As in the Urodela there are paired parietal, frontal, prefrontal and nasal bones, but they are

of somewhat diiferent proportions. The parietals and frontals are similar, but the prefrontals

are smaller and the nasals larger. A closer examination, however, discovers that the parietal

and frontal bones extend laterally beyond the cavxim cranii and contribute to the formation of a

temporal roof which is completed by an extensive squamosal. Except in one species of Caecilia

the squamosal bone sutures with the frontal and the parietal, though in several the suture with

the latter bone is interrupted by a narrow fissure posteriorly. The squamosal bone does not

extend down the short quadrate ramus as it does in the Urodeles and Anura but reaches only the

otic (?) root of the quadrate.

Fig. 118.

—

Ichthyofhis (from Wiedersheim, but

slightly modified to show more clearly the true

relation of the os transvei sum to the pterygoid

bone.)

Fig. 119.

—

Capitosaums (frora Zittel).

Fig. 120.

—

Eryops (from Broom).

Fig. 11\.~DipUfU8 (from Watson).

There is some variety in the bones of the skull roof anterior to the orbit. The prefrontal

may be replaced by a process of the maxilla which extends upward behind the nasal to reach

the frontal bone. In Ichthyophis this process is present as well as the prefrontal bone. Ichthyophis

is also peculiar in having an adnasal between the nasal and the premaxilla and in the possession

of a circum-orbital bone.

Whilst this skull roof presents a stegocephalian "completeness", it is possibly only a

parallelism, and comparable with the occasional complete roof found in certain genera of both

Urodeles and Anura.

The stegoeephaUan similitude of the palatal aspect of the skull is due largely, if not entirely,

to the double arch of teeth. These are situated, as to the external set, on the premaxilla and

maxilla, and as to the internal set, on the prevomers and the palatine. This arrangement of the

teeth is almost characteristic of the Labyrinthodont stegocephalians ; it is found in

Embolomerous, Rachitomous and Stereospondylous forms.

Not only is tliis so, but such an arrangement of the teeth in two complete arcades is not

found elsewhere.

The Prevomers are large, resembling those bones in the Urodela.

The Palatine bones are extensive and form the anterior, lateral and posterior boimdariea of

the choanae. These apertures are placed relatively farther back than in either Anura or Urodela

and are bounded medially by the prevomers.
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An extensive palatine bone comparable with that of the G^rmnophiones is found elsewhere

amongst the amphibians only in certain of the Stegocephalia, e.g. Eryops, Orthosaarus^ and

Capitosaurifs.

An Os Transversiuii has not been recognized in the palate of the Gyinnophiones.

The 90 -called Pterygoid is a short, narrow, flat bone which extends from the pterygoid process

of the quadrate to the posterior extremity of the palatine ; it lies in the floor of the temporal

fossa, and forms the antero-median boundary to the via masticatoria. It is the homologue of

the anterior arm only of the " pterygoid " of the Anura and the Urodela.

The quadrate is completely ossified and consists of a compact body which bears the articular

suiface on its lower face, and a glenoid cavity, on its posterior surface, into which the head of tho

stapes fits. Attached to the upper edge of the lateral siu*face of the body is a tympanic flange,

of variable extent, which extends upwards, and both backwards and forwards, and sutures

anteriorly with the lower edge of the squamosal bone. To the lower and imier corner of the body

there is attached a tapering pterygoid process of variable length. The bone is attached by

fibrous tissue only to the outer edge ;,nd upper surface of that part of the parasphenoid which

extends laterally beyond the basis of the cavum cranii. The line of attachment extends from

almost the postero-lateral corner of the parasphenoid to about tho middle of the length of the

orbit, and is along the medial surface of the body of the quadrate and the ventral surface of

its pterygoid process. There is no trace of the basal and otic processes, nor of the ascending

process. The ascending process was expected, for it is well developed in the chondrocranium of

early embryonic stages.

The parachordal cartilages are to be seen imbedded in bone at the infero-lateral angle of the

cavura cranii, but it is quite impossible in the youngest specimens at my disposal to find, in the

transverse sections, any line of demarcation between the very extensive parasphenoid and the

ectochondral bone which this enca,sement of the parachordals indicates must be present. Nor
can one find, either in adult specimens of tiie prepared skull or in transverse sections, any indica-

tion of suture or duality of origin in the side walls of the cranium. These arise almost at right

angles from the basis and are interrupted only by the vascular and nerve foramina. Immediately

at the anterior boundary of the otic capsule, on the imder surface of the floor of the cranial cavity,

there is the carotid foramen ; this enters the caviun just behind the pituitary body, as determined

by study of sections, there being no trace of pituitary fossa in tlie adult skull. Just as this canal

reaches the cranial surface of the floor it gives off a branch which turns forward and laterad.

The palatine bi-anch of the facial nerve and the abducent nerve both ent-er this canal at the point

of departure of the anterior branch, reacliing this situation by passing caudad through a small

canal which perforates the anterior margin of the prootic foramen. The fifth and seventh roots

leave the cranial cavity together through the prootic foramen ; both their ganglion and that of

the ophthalmicus profundus lie entirely external to the cranial wall in a recess which is bounded,

as described by Norris and Hughes (1918), behind, by the body of the quadrate medially and
posteriorly, and by the tympanic lamina of the bone laterally, with the prootic ossifi^cation above

tho ganglia. In front, the recess is bounded by tho muscles of mastication, the parietal and prootic

bone superiorly and the lateral flange of the parasphenoid and the pterygoid process of the

pterygoid bone inferiorly. The various branches of the two nerves depart from this recess

without any bony or cartilaginous structure intervening between them, excepting only the

palatine whose eoui'se in this immediate neighbourhood has just been described.

In the sphenoid region my younger sections show tho trabcculae and taenia marginata

both encased in bone without sutures or other indication of any interruption in the ossification

below the suture with the dermal roofing bones*

The Skull in the Stegocephalia,

(Figs. 119-124.)

The most completely known portion of the skulls of the Stegocephalia is the outer surface

of the roof. The dermal bones are more numerous than in any of the recent groups. Besides

parietals, frontals, prefrontals and nasals there are commonly present more or fewer of the

following : post-pariotals, tabulars, supratemporals, mtertemporals, postfrontals, postorbitals

and lachrymals as well as jugal, quadrato-jugal and squamosal bones.
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The general shape and position of these bones will be sufficiently gathered from

the illustrations.

The illustration of the Dipnoan skull has been added for comparison. It is worthy of note

that except for the fact that the parietal is undivided, this primitive amphibian presents all the

bones of the dermal shield of the stegocephalian skull except the jugal and quadrato-jugal.

Comparison with the dermal pattern of the embolomerous skull (p. 213) reveals an equally close

resemblance.

Maxilla and premaxilla are always present and well developed.

The ossification of the oto-oceipital segment of the primordial cranium appears to have been

as variable as in the Anura and Urodela combined.

A separate *' epipterygoid " bone has been described in isolated specimens of both rachitomous

and stereospondylous skulls. It is, however, very probable that further investigation -will show

that the fragments so identified are but portions of the prootic ossification. There is httle doubt

that the epipterygoid bono of the reptiles is an ossification of the ascending process of the quadrate,

and is essentially a reptilian feature. The complete absence of reptilian characters from the

stegocephalian skull, and the retention of the ascending process in its primitive form in all the

recent amphibians, renders it highly improbable that the bone should have been present in

members of a group which must have been ancestral to the recent forms.

The ventral surface -; of three typical stegocephalian skulls are illustrated here, and from them

a general idea of the relation and extent of the bones will be gathered.

It remains to remark that the quadrate ramus of the pterygoid bone, in a nmnber of genera,

is folded around the posterior surface of the quadrate, rising towards the skull roof, and,

apparently, contributing to the posterior wall of part of the tympanic recess. This dorsal

extension of the pterygoid bone never rises so high as in the Embolomeri, and Cotylosaurian

reptiles.
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3. The Skull in the Embolomeri.

(Figs. 125-129.)

The following description is taken from Wateon (1926). I have, however, been unable to

accept the whole of his identifications of the bones he describes.

In its general facies this skull is essentially reptilian, the neurocranium is tropibasic, and,

A6 in the reptiles, there results a compact cavum cranii with a narrower sphenoidal cavity lifted

on to the dorsal edge of an interorbital septum. That essentially amphibian bone the large,

primitive, synpterygoid, in not present on the base of this skull. The two most outstanding

of the characteristics of the amphibian skull are therefore missing from this, and in their place

reptilian characteristics are found.

Figs. 125-128.—OHhogaume (from Watson, 1926). Pa.ot.p., Parotic process.

The oto-occipital portion of the neural cranium is laterally compressed, and is provided on
each side with a parotic process of typically reptilian form. Entering into the composition of
this part of the cranium there are distinct exoeeipitals, basi-occipital, supraoccipital, basi-

BTphenoidal, and prootic ossifications. Watson claims to be able to distinguish between the
basi-sphenoid and a covering parasphenoidal ossification by slight differences in their texture in

Palaeogyrinus, but says the bones are indistinguishable in Orthosaurus. He describes the " para-
sphenoid " as covering " the greater part of the lower surface of the basi-occipital, overlapping
the sides of that bone nearly to its articulation with the otic bones ". He continues, " In front

of the otic region the joint bone bears a pair of well formed basi-pterygoid processes which project

laterally and somewhat downwards. The lower surface of each process at its root has a groove
passing from the posterior round on to the anterior surface ; this housed the internal carotid
artery."

There is some confusion here. Watson depicts, in Palaeogyrinns, a well marked
Buture between the basi-occipital and the bone in front of it on the base of the cranium. This

Q
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suture meets the exoccipital above, so that the basi-occipital does not reach the prootic bone.

Apparently it is the basisphenoid which the parasphenoid is believed to overlap.

In view of the other striking reptilian features, it is not advisable to accept the slender

evidence of slight differences in texture as conclusive evidence that there is any membrane-

derived bone covering the inferior suiface of the basisphenoid. It appears more probable that

the bone is a typical reptilian basisphenoid.

The groove on the inferior surface of the basitrabocular* process probably did not house the

internal carotid artery. That vessel runs dorsally to the has itrabecular process in the reptiles,

and dorsally to the plane of the parasphenoid bone m the Amphibia.

Anterior to the oto-occipital segment of the neuro-cranium there is an ossified interorbital

septum which has been designated " sphenethmoid The sphenoidal cavity is an excavation

along the thickened denial part of this septum. The two olfactory canals leave the fore-end of

the cavity, and tunnel the portion of the bone in front. Posteriorly the sphenethraoid articulates

B.aph.

Fig. 129.

—

Palaeogyrinus (from Wataon, 1026, but with the quadrate

and pterygoid bones " restored " in dotted lines).

with the anterior end of the roof of the neuro-cranium behind the posterior end of the sphenoidal

cavity. Below this articulation the posterior margin of the bone bears, about the middle of its

depth, two processes which suture with the prootic. Below this again, the posterior edge meets

the anterior end of the rostrum basisphenoidei and in front of this its ventral edge bears the

epUnt-like " parasphenoid ",t so characteiistic of many reptiles. Two apertures are present

between the posterior end of the sphenethmoid and the nouro-cranium. The upper of these

was believed by Watson to have transmitted the Vth nerve only, the lower to have transmitted

the optic and eye-muscle nerves and the internal carotid artery.

In view of the fact that it is quite unusual in the amphibians and the reptiles for the incisura

prootica to be separated from the sphenoptic fissure by any cranio-mural ossification, it is more

probable that the upper aperture transmitted all the nerves anterior to the Vlllth, except the

olfactory, and the ophthalmic vessels, whilst the lower will have been the foramen of entry of

the cerebral branch of the internal carotid artery.

So far as may be decided from Watson's figures and description, the pituitary fossa was

situated immediately above and behind the planes of the basitrabecular process, and it would

appear that the anterior part of the cavum cranii was sharply tilted upward immediately in

front of the fossa. The floor apparently rose on the sloping posterior face of the sphenethmoid,

between the two processes which separate the arterial from the other foramen, to reach the

sphenoidal cavity, formed in the posterior end of the thickened dorsal part of the sphenethmoid

bone.

The dermal roofing pattern is relatively simple, as compared with that of other labyrinthodont

amphibian skulls, though more complex and primitive than that of any recent amphibian.

* The designation " basitrabecular which Goodrich wisely adopts for the baeipterygoid process, will be used

instead of the older name. This course appears advisable because there Is a distinct tendency on the part of a number

of morphologlHts to disregard the fact that the process is an ossification of a process of the trabecula related to the

fenestra h^^iJophysios. In the result these careless thinkers find a " basipterygoid " developed as a process of the

parasphenoid or situated far from the fenestra. The term basitrabecular should act as a corrective. One of the

most surprising instances of disregard of the site of the trabecular origin of the basitrabecular process is the identiflcR-

tion of the process in Eu.sthenovteron by Watson (1926). Clearly, if the bone identified as the basisphenoid is an

endochondral ossification of t,he basl-trabccuiar plate it can be none other than a presphenoidal ossification ; it ia

obviously too far forward to be regarded as a basisphenoidal ossification.

t It has recently been demonstrated that this " parasphenoldal splint " is an endoperichondral oasiflcation and

a presphenoidal not parasphenoidal bone (Kesteven, 19406, 1941a),
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Id the mid-line th© parietals cover the greater part of the oto-occipital aegment ofthe cratuum

and extend forward over the posterior end of the Bpheuoidal cavity. Their common suture is

interrupted by a pineal foramen. Behind the parietals a pair of dermo-supraoccipital bonee

are present. In front of the parietals the frontals may or may not be fused with the nasals, and

in front of the last a pair of internasal ossicloH may or may not be present. Tabular, supra-

temporal, poetfrontal and prefrontal bones are present. In front of the prefrontal a typical

reptilian lachrymal " bounds the orbit anteriorly and extends, in some forms, right forward

to the external nare.s, as in primitive reyitiles. A postorhital bounds the orbit posteriorly. The
squamosal makes sutural contact with the supratemporal, jioHtorbital, quadi'ato-jugal, qvjadrate

and pterygoid bones. The premaxilla sutures with the maxilla at tlie ti-anaverKe plane of the

external nares, and the latter bone extends back well behind the orbit . from which it if* separated

by the jugal.

The paliite of the Kmholomeii is, perhaps, the most t^haracteristie feature of the skull, and

i« very dissimilar to that of any other amphibian.

Tlie synpterygoid (parasphenoid or vomer) is reduee<l to a narrow splint lying along the

ventral edge of the interorbital septum.

The pterygoid bones are very extensive and contribute the greater part of the bony palate.

They meet in a common median suture which extends from that betwoen the prevomers back

almost to the posterior end of the palate. The parasphenoid appears between them posteriorly.

Laterally they suture with the palatine and os tranaveraum. There is no suborbital or sub-

temporal deficiency in the palate. At the transvei'se plane of the anterior margin of the via

masticatoria, the lateral margin of the pterygoid swings mediad and caudad, forming the whole

of the raediazi boimdary of the " via '". Also, at this transverse level, the inner portion of each

pterygoid turns dorsad, rising in close relation to the side wall of the auditory capsule, apparently

in the manner indicated by the dotted line in Fig. 129, till it meets the inner margin of

the squamosal just behind its suture with the supratemporal. The inner raargiji of the pterygoid,

here better termed its dorsal margin, now continuos caudad in sutixral contact with the postero-

medial margin of the squamosal till the tympanic notch is reached. The posterior limit of the

bone is indicated in Fig. 127, where it was shown as it lies in contact with the iimer and posterior

surface of the quadrate just proximal to the articular surface.

The OS traili^versum, palatine, and prevomer are simple bones whose form and relationa

are sufficiently indicated in the figure of the palatal aspect of the skull.

The quadrate is largely encased by the quadrato-jugal, squamosal and pterygoid bones,

but is exposed in the roof of the via masticatoria, and probably articulated with the lateral end
of the parotic process as in many reptiles.

Tn the extended description of tlte Embolomeri which Watson gave m the Croonian lecture

(102G) he fails altogether to describe the relation of the quadrate to the skull. In an earlier

paper (1913) he describes the quadiate as being expo.sed on its vmder sm-face and as "passing
upward on the imder surface of the roof of the skiiH until it ia received into a slit in the squamosab
which thus covers it both dorsally and ventrally

On a later page he wrote, " Examination of these primitive and extremely well preserved
skulls seems to show that the ordinaiy idea of the autostylism of the tetrapoda is incorrect in

postulating a connection between the pterygo-quadrate cartilage and the otic region. It is,

I think, quite certain that there never was such a connection in primitive forma, except through
the dex'mal bones of the temporal region."

Although not so stated, it would appear that his later examination of embolomerous material
has caused him to regard the above description as incorrect. The squamosal of PalaeogyrimiA
is described as terminating behind by overlapping the dorsal surface of the quadrate
Apparently, then, there is no support at all for the suggestions relative to the autostylism of th©
Tetrapoda.

The epipterygoid has been identified in Palaeogyrinus. It is a short ossicle which, lying
against the anterior edge of the ascending posterior larnina of the pterygoid, articulated below
with the basitrabecular process and had an expanded free upper extremity.

The tympanic notch mentioned above is a pit situated on the postero-dorsal surface of the
quadrate and under cover of the squamosal laterally and the upper margin of the ascending
lamina of the pterygoid medially. Watson writes of the notch, " There is, in all the members
of that group of Embolomeri which includes Loxomma, a curious pit on the quadrate, so placed
that it faces toward the otic capsule, which must have lodged some structure. This can only
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have been a process from the cartilaginous stapes, representing the lower part of the

hyomandibular

The tympanic cavity in both amphibians and reptiles lies behind the quadrate and below

the parotic process. In the erabolomerous amphibians, the remarkable ascending lamina of the

pterygoid has obviously walled in the tympanic space between itself and the quadrate, whilst

the squamosal completes the walling-in dorsally. Only the distal aperture of the cavity remains.

This is the tympanic notch.

Watson has designated a certain pit on the outer wall of the otic region the " pseudo -fenestra

ovalis and he rightly says that the pit, in Palaeogyrimis, is situated in the position that the

fenestra ovalis might have been expected to occupy. The situation of the pit in Eogyrinus^

in front of the parotic process, is, however, not one in which the fenestra ovalis would be sought.

It ia probable that when material has been foimd which exhibits the true relation of the head

of the quadrate to the skull, the fenestrae of the ear will also be located.

Appendix.

The ** SaiirampJdhia

It has been claimed that the Embolomeri are the most primitive amphibians known, " and

those which most nearly resemble the fish ancestors of that class " (Wat-son, 1926).

To the present writer this appears to be an imtenable position, and to rest very largely

upon a fundamentally wrong concept.

It is quite apparent that the view can only be based on the assmnption that the primitive

pterygoids were large expanded bones meeting, or nearly meeting, in the mid-line of the palate,

and that the prunitive " parasphenoid " was a narrow splint.

It is believed, here, that it is not possible to place any but quite secondary values upon the

similarity or dissimilarity of dermal roof patterns, as evidence of phyletic relationships.* It

ia so readily demonstrable that closely allied forms in most, if not all, vertebrate groups have,

at times, very dissimilar roof patterns, whilst widely umelated forms in different groups may
present essentially, and even actually, similar roof patterns.

It is therefore, to the more stable endochondral ossifications and the bones of the palate

that one must turn for refiable evidence in phylogenetic question.

Goodrich (1930, p. 318) accepts Watson's view and states the position relative to the history

of the parasphenoid more explicitly :
" The parasphenoid in the Embolomeri was comparatively

small, closely connected with the basisphenoid posteriorly, and extending forward below the

sphenethmoid as a narrow grooved blade. In the more advanced types (Rhachitomi, Stereo-

spondyli) the interpterygoid palatal vacuities become progressively enlarged, the parasphenoid

expands behind and becomes immovably sutured to the pterygoid."

The discussion of this question may well be introduced by a brief statement of facts of

particular i-elevance :

(1) The basisphenoid bone is an endocliondral ossification of the primordial chondrocraniiun

in the region of the hypophysis ceiebri, and is either perforated by the hypophysial fenestra or

forma the floor of the pituitary fossa, and is usually perforated by the canal for the internal

cerehral branch of the internal carotid artery.

(2) It is therefore possible to recognize a basisphenoidal segment of the basis cranii, and

in the Amniota this segment lies immediately in front of the basioccipital segment ; its position

is determined by that of the hjrpophysis cerebri in all vertebrates.

(3) In the Anamniota as a group, the basisphenoidal segment of the cranial floor is either

(») not ossified at all. (6) incompletely ossified, or (c) ossified in complete continuity with the

ossification of the occipital segment and the auditory capsule.

(a) Not Ossified at all.—Omittmg the tj-pical Elasmobranchii. which, in the complete

absence of ossification, shed no light on the pi-esent question, this condition is found in a majority

of the Chondroetei, Urodela and Anura, and in all the Dipnoi. There was also complete absence

of ossification of the baaisphenoidal, pituitary region in the Osteolepida.

(6) Incompletely Ossified.—This condition is characteristic of the whole of the bony fishes

excepting only those mentioned above. In fishes with a myodome, the little bone which has

been identified as the basisphenoid lies entirely in front of the pituitary body and, on that account,

• It has, however, already heen noted that there is nothmg in the dermal roof pattern of early Dipuoiuis to oontra-

ludicate community of origin of Dipuoana, Embolomeri and Euamphibia.
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its homology with the baeiaphenoid of the Tetrapoda has been questioned and it has been proposed

to designate it " suprasphenoid On the other hand, the horizontal transverse arm of the

hone in such fishes certainly occupies the position of the anterior portion of the pituitary fossa,

and that is basiaphenoidal in the Tetrapoda. It would seem that it is certainly homologous with,

at least, the anterior portion of the bone. In this respect the Palaeoniscid skull resembles the

majority of the bony fishes. In the absence of the myodome the basisphenoid, if present at all,

is exceedingly thin and is so intimately fused with the underlying '* paraaphenoid " that it is

quite impossible, in adult skulls at least, to recognize the composite nature of the bone.

In the apode amphibians it is questionahtle whether any basiaphenoidal ossification is present

at all. In none of the adult or yoimg specimens examined, in serial sections, is there any indication

of a dual contribution to the bony floor of the pituitary region. Apparently a very extensive

basicranial fontanelle is floored by the synpterygoid only, though there may bo a small contributing

basisphenoidal element completely fused with it, as in tho fishes without a myodome.
(c) Ossified in complete contumity with the occipital segment and auditory capsule.

—

This condition is foimd in some of those amphibians in which the cartilaginous chondrocranium

is extensive in this region. Endochondral ossification commences in definite occipital and

auditory centres and extends uninterruptedly forward along both the floor and sidewalls of

the cavum cranii, and ultimately a continuous bony case results, in which no sutures are visible.

(4) In the Anamniota the synpterygoid is an extensive bone on the basis cranii.

It commences at, or behind, the occipital segment and, extending forward beneath the pituitary,

sphenoid and (in some forms) ethmoid regions, supplies the strength which the absence of endo-

chondral ossifications calls for. In both the fishes and the amphibians this bone is

characteristically expanded below the auditory capsules and, when the skull is laterally compressed

in the auditory region, this lateral auditory wing of the bone rises on the lateral wall of the

capsule.

(5) In the Amniota the " parasphenoid " takes the form of a narrow splint applied to the

lower surface of the rostrum basisphenoidei and the membranous cartilaginous or bony interorbital

septum, and is really a presphenoid osHification, not a membrane bone.

(6) Excepting only in the Dipnoi, in the presence of a well, or moderately well, developed

parasphenoid, the pterygoid bones never meet at the mid-line. It is only when the *' para-

sphenoid " takes the form of a prepituitary splint, which we now identify as the vomer, that

the pterygoids meet one another medially.

(7) The divergent pterygoids are characteristic of the Anamniota, the convergent of the

Amniota.

Features such ae these, which may be described as being characteristic of the whole of the

Anamniota, must assuredly be regarded as having resulted from a community of inheritance.

The Anamniota are undoubtedly more primitive than the Amniota, and the Fishes than

the Amphibians.

Therefore features characteristic of the Anamniota must be regarded as more primitive th^n.

those characteristic of the Amniota.

The unossified or poorly ossified pituitary region of the basis cranii, strengthened and
supported by an extensive parasphenoid which had also lateral auditory wmgs, is to be regarded

as being more primitive than a well-oysified ha-sisphcnoid bone and a parasphenoid reduced to

the vomerine splint.

The separated and divergent pterygoids are to be regarded as being more primitive than

the contiguous convergent pterygoids.

It follows that Amphibians of the type of the Rhachitomi, Stereospondyh, tlie Anura, Urodela

and Apoda, which possess these primitive featuj'es, must be regarded as being more primitive

than the Embolomeri, and this would still hold good even were there no representatives of those

(regarded as the more primitive) of equal geological antiquity with the others.

On the other hand, there can be no doubt whatever that the Embolomeri are so eaaoritially

reptilian in their cranial characters that they may be regarded as the most advanced of all the

amphibians, " advanced " being taken to mean more nearly like to a group of vertebrates which

we are all agreed to regard as ^,taii<!ing higher in the evolutionary scale than the araphibiane.

Comparison of the embolomerous skulls with those of the anapsid cotylosaiu'ian reptile,

Sey?nouria, and its allies will discover for the investigator that, bone for bone, and area for area,

there is a similarity so complete that one is forced to inquire further in order to satisfy oneeelf

that the one is an amphibian and the other a reptile.
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Since it is beyond question that the features wherein the Embolomeri differ from the

remainder of the Amphibia are essentially reptihan, it follows that such resemblancea as they

present to the fishes must be either only apparent, due to wrong interpretation of the coraponent

structures in the crushed and distorted skulls, or due to inheritance from some common ancestor

of uU.

When it is remembered that the Cotylosauria date right back to middle Carboniferous

times it becomes clear that, already, that advance in structure which was to give rise to the

reptiles must have taken place in early Carboniferous times. It would appear that once the

tetrapod structure had been evolved, the early members of the group were exceedingly plastic

and that differentiation into the various divisiorts took place very rapidly. The result of this

rapid differentiation was that, side by side, chronologically, we find the fishes, dipnoans,

amphibiane and reptiles, and between these last two the embolomerous amphibians, which

alone of thoir class may be regarded as having stood in the direct current of evolution which

produced the reptiles and Amniota generally. The rest of the Amphibia are, therefore, to be

regarded as constituting a specialized end-group, or a branch oa the genealogical tree of the

animal kingdom.

Since the parasphenoid of all the fishes* with the possible, but improbable, exception of

certain of the Osteolepida, was an expanded bone with lateral auditory wings, the view that

would regard the primitive ampliibians as having the vomerine type of pai'asphenoid and the

later, more specialized forms, as having a parasphenoid which has become expanded as a result

of, or as one of the features of, that specialization, surely runs contra to the circumstantial eWdence

available and to probability. The view necessarily assumes that the peculiar narrow para-

sphenoid of the osteolepid* fish was the primitive form of the bone and timt the expanded form

found in all other ananmiotos, except the Embolomeri, was, and is, a modification of the imique

forms. Since both are parasphenoid bones the inference that one is a modification of the other

is inescapable.

If this be not tlu^ assumption on which the view is based, then another equally untenable

position must be taken. It being gianted that the, shnost universal, expanded parasphenoid

is the primitive, it is assumed that in the Osteolepida it has been reduced to the narrow vomerine

type, and through them handed on t/O the primitive amphibians. At this point evolution has

taken two divergent dii'eetioiis. On the one hand the reduced parasphenoid is retained, and

the reptiles result ; on the other the expanded primitive form is once more developed and the

rest of the amphibia are evolved.

The position is imtenable because it also involves an acceptance of a belief in the possibility

of a reduction in the progress of endochondral ossification of the basis cranii, and a loss of the

basisphenoid ossification which is so successfully achieved by the Embolomeri.

Actually the belief that the Embolomeri are the most primitive amphibians rests upon the

further belief that in their cranial structure they resemble the Osteolepida, and that aspect of

the question has aheady been dealt with.

The reptilian characters of the embolomerous palate will be discussed again in a later section ;

suffice it hero to reraark that they are very real and mdicate a not distant alliance with the

Reptiles. On this account it is now proposed that they be separated in our claseification from

the rest of the Amphibia under the significant title of '* Sauramphibia ".

THE PHYLOGENY OF THE AMPHIBIA.
1. General Considerations.

In his remeu'ks on the affmities of the Arthrodiros which form the concluding section of

his work on the Head of the Macropetali«hthyida, Stensio (1925) expresses the opinion that

thoy are to be considered as an offshoot of the Elasmobranchian stem of fishes. The evidence

which he advances in support of this view is as convincing as, in the natiu^ of the problem,

appears possible, and there will be few who will disagree with the conclusion he arrived at.

In the course of his discussion he points out that " close relationship between the Artlu-odires

and the Elasmobranche of course unplies either that bone has arisen independently in different

* It should be remembered that the OtiteolepMa whidi present the peculiar narrow paraspheaoid ai-e known only

from imperre-ot crushed specimens, so that it may be that the lateral whig has not been described becaus*) it has not

yet been fouod, and not because it was not present in the complete sicull.
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groups of vertebrates or that it is a very old sort of tissue that was present already among the

most primitive vertebrates and from these was bequeathed to the common ancestors of the

Axthrodires and Elasmobranchs

In support of the second alternative he points out that in the earliest Holocephali known
there were related to the cranium, bone-like, or perhaps true bony, plates. He also draws

attention to the Cephalaspids, Ostracoderms and the Acanthodei, all provided with bony shields

and plates, and remarks of Menaspis^ one of the Cochliodontida, there is evidence of ^' armour

on the head and anterior part of the trunk ".

Whilst it is a fact that the palaeozoic and early raes zoic Elasmobranchs were more generally

equipped with bony head-plates or relatively large bony scales, and that this is definitely evidence

of their derivation from an ancestor provided with bony shields, it is not evidence that the bony

etructurea are more prunitive than the cartilaginous basis on or in which these bony shields are

developed, nor, indeed, ia that implied by Stensio.

On the other hand, if there be truth in the suggestion that the coimnon ancestor of the

Arthrodires and Elasmobranchs was already provided with the power to develop bone, both

endochondral or at least ectochondral, and meTiibrane-derived, we may reasonably ascribe all

thase bony features, wherein the bony fishes and the Dipnoi resemble one another, to that

common ancestor.

It is no longer necessary to postulate an ancestor common to these animals and not to the

Elasmobranchs. In other words it becomes possible to visualize the separation of the three

groups from the one stem.

It may be suggested that already amongat the palaeozoic fishes which, heretofore, we have

agreed to regard as Elasmobranchs, it is possible to recognize the beginning of the tlu-eo groups.

The Acanthodei may well he regarded as presenting an approximation to the primitive

Teleostome, whilst the recent Chondroatei would be regarded as presenting a persistent and

more advanced remnant of that group.

T)ie Holocephali would be regarded as the most primitive form of the dipnoan stem, the

modem representatives of the group being regarded as degenerates in relation to the formation

of bone. A parallel case of degeneration in this respect is presented by the Acipenserids on the

one hand and the Polyo ontid * on the other, amongat recent fishes.

Whilst their general morphologj' indicate that the Holocephali are unequivocably

Elasmobranchs. it is still not without significance, especially in view of the geological antiquity

of the group, that they possess a quadrat )-maxillary arch which is tirmly ankylosed to the cranium,

for, otherwise, the existence of Elasmobranchs of great antiquity which had autostylic and

moni rostylic fixation of the arch, indicates that this modification of the manner of attachment

of the upper jaw is of still greater antiquity and was initiated and brought almost to the dipno-

amphibian condition amongat the elasmobranch fishes.

The concept that the Elasmobranchii, Teleostomi and Dipnoi all arose independently from

a more primitive group, at about the same tune, explains both the similarities and dissimilarities

which these three present amongst themselves, and also their almost equal antiquity.

It may be remarked that not only these three groups but, maybe, also the Arthrodires,

Anaspida, Antiarchi and Cephalaspids arose from the same primitive generalized vertebrate

group. The Ostracoderms perhaps represent a more primitive form of fish than any of the

rest.

The most significant features common to the Dipnoi and the HolocephaH, and those which

give rise to the suggestion that it is from a form similar to the latter that the former have been

evolved, are those features of the muscular anatomy which have already been cfiscusaed in this

connection, particularly the form of the muscles of mastication txnd the Csd.2 pars quadrate-

hyoidea, and the autostylism of the maxillaiy arcade.

The fact that the Holocephali are archiprosencephalic, whilst the Dipnoi are neoprosen-

oephalic ia a complete barrier to any suggestion that the Dipnoi are diiectly descended from the

Holocephali. It is, however, not without significance that those Elasmobrancl^ which are

regarded as the most primitive of the recent forms, the Notidanidae and the Holocephali, have
elongated and slender forebrains, which in their form and simplicity may well have been the
*' raw material *' from which the neoprosencephalon was evolved.

Any dogmatic statement on the subject were little short of foolishness, for the whole subject

ifl almost pure speculation, but it may be said that speculating on the interpretation of the very

meagre evidence available leads one to the impression that the Dipnoi are descended from
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elasmobranchian ancestors which probably presented similarities, if they were not actually

allied, to the Holocephali.

The evidence of the cephalic musculature and of the cranial structure, in ite bearing on ths
" dipnoid " ancestry of the Amphibia has already been discussed.

In a recent conunimioation on the problems of vertebrat-e morphology Professor Graham
Kerr (1932, p. 420) writes, " It may be accepted as one of the canons of morphological science

that the reliability of its conclusions bears a distinct relation to the bi-eadth of their foimdatiomi.

Conclusions as to the systematic position of particular vertebrates in the scheme of natural

classification, and conclusions as to the evolutionary path along which their bodily structure has

progressed towards its present-day condition, must, in order to be reliable, conform to the abov©
mentioned canon. In particular it is essential that due regard be paid to all the available data

whether these are provided by the anatomist, the palaeontologist or the embryologist . . .

Conclusions resting on evidence provided by a single organ-system should be given only a cautioiw

and provisional acceptance. And if that particular system be the skeletal—which in the case of

extinct animals is a- a rule alone available—the need for caution is greatly intensified."

Of the systematic position of the Dipnoi he writes (p. 421), " The study of Dipnoan structure*

during its various stages up to that of the adult leads to two certain conclusions : (1) that the

existing Dipnoi constitute a self-contained group quite independent of the Teleostomi, and

(2) that the closest affinities of the Dipnoi are with the Amphibia."

This statement is followed by a long list of the evidence on which the conclusions are baaed.

The present writer had previously (1931) reviewed as completely as was then possible to

him those features of the development and adult anatomy of the Dipnoi and Amphibia which

yielded evidence of the close affinity of the two grovips. The conclusion then arrived at has

been further confirmed by the work done on the development and adult condition of the

musculature. For that reason the Dipnoi are here treated as primitive amphibians.

In order that this conclusion may have that breadth of foimdation which Kerr very justly

demands for such, I quote the list he gives and refer to my own list and comments of 1931.

Kerr (1932, p. 421) wrote, As regards general form of body a young Lepidosiren presenW

all the general appearance of a Urodele, even showing a slight narrowing of the neck region,

practically the only conspicuous distinguishing feature being the Umbs, although in the case

of Lepidosiren this has become less marked owing to the limb having lost its paddle form and

assumed, or, as I woiUd say, reverted to a atylifonn condition, differing from a pentadactyle

limb mainly in the absence of a terminal expansion to form a foot and the absence of concentration

of flexibility into localised joints. The lung of the young Dipnoan, with its ventrally placed

glottis, the protostylic attachment of the lower jaw to the cranium, the presence of an atrial

septum, the tendency of the pocket valves of the conns to revert to the condition of continuou*

endocardiac ridges, the splitting of the ventral aorta by a horizontal septum into pulmonary and

systemic cavities, the presence of a posterior vena cava, the high development of the pallium

of the cerebral hemisphere with its incipient cortex, the presence of choanae opening into the

buccal cavity, the development of outgrowths from the endolymphatic duct of the otocyst, the

development of the external gills agreeing exactly with those of the urodeles, in the larvae of

two out of the three genera, ajid the fact that the cement organs where they are present aria»

from the ectoderm without any participation by the endoderm, constitute together an assemblage

of features which demonstrates ii'refutably the close relationship with and the distinctness from

the other fishes. There is another feature which would be by itself almost convincing to anyon»

experienced in Dipnoan study, namely the general agreement in histological structure of th*

tissues with those of the Urodele Amphibia."

Kesteven wrote (1931, pp. 183-196) :

" There are a large number of characters wherein the dipnoans resemble the amphibians

more than other fishes do, and, though the contrary has been argued, not one of them is devoid

of phylogenetic significance. I give a list of the characters in question and discuss the mor»

important of them.

Adult Feature.H.

The mode of swimming.

Autostylic and monimostylic suspension of the maxillo-mandibular arch.

The fenestration of the nasal roof.

The homology of the aupra-orbital bone with the amphibian prefrontal.
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The form of the brain

The possession of mtemal nares.

The division of the axxricle into right and left halves.

Certain features of the arterial system.

Certain features of the venous system.

The possession of true external gills.

The form of the air-bladder and its function.

The structure and position of the glottis.

The possession of an epiglottis.

The possession of a true pelvic girdle.

The mating call.

Embryological and Larval Characters.

The general course of the development.

The development of the external fomi.

The mode of development of the two-chambered am'icie.

The origin of the amphibian characters in the arterial system.

The origin of the amphibian characters in the venous system.

The mode of origin of the cerebral hemispheres.

The early form of the ohondrocranium.

The development of the buccal cavity.

The form of the pituitary involution.

The development of the flask glands.

The development of the cement organs.

The history of the palato-quadrate.

The history of certain cranial myotomes and their derived muscles.

" The mode of swimming,— ' When we consider the clumsy movements of the only existing

fish retaining this type of fin (Ceratodiis) . . .
' (Kerr). This is the only reference I can find in

literature to the peculiarity of the mode of progression of Neoctraiodus through the water.

Whereas the great majority offish appear to strike the water with the tail, a few of weak muscular

development in the caudal region, and practically all fish when sick and exhausted, appeetr to

undulate through the water much as a snake travels over the ground. In these cases the body

flexures are, so far as my observations serve me, but two in number, producing a very wide

open S-cmve. Now the swimming motions of Neoceratodus recall these midulationa ; there is a

complete absence of the tail ' stroke but more than that, the undulations follow one another

flo that there appears to be a sequence of them, and they recall in a most striking manner the

wagging of the * tadpole's ' tail.

" It is a fact not without significance that this is the mode of swimming of practically all

fish larvae. Again I speak from personal observation, for I can find nothing in literature on

the matter. The opportunities of a single individual for making such observations are of necessity

limited as to the variety of forms observed. The yoimgest pelagic fish lai'vae ' wiggle * through

the water ; as they increase in size the number of flexures of the body become less. Growing a

little older, the youngster will, when frightened, start off with a jump, wiggle rapidly for a little

space and then seem to be propelled through the water with the body held rigid ; closer observa-

tion discovers the tail striking the water with a lateral and oblique stroke. The adult starts off

with a similar jump, the result of a powerful lateral sweep of the tail, and then continues with a

rigid body.
" Since it is characteristic of larval forms, ' wiggling ' or undulatory progression may be

regarded as having been the primitive mode of swimming, and there is ample confirmation of

this inference in the metameric arrangement of the longitudinal musculature. The interest of

these phenomena to our present problem lies in the fact that alone among the compact vertebrata,

the adult dipnoans and the amphibians retain an archaic mode of swimming. Is this evidence

that in their common ancestry there was none which had developed the tail as the organ of

swimming ?

" The axiiostylic and. nionimostylic suspension of the maxillo-mandibular arch,—The mode of

attachment of tiie quadrate to the neurocranium in the dipnoans is essentially and in Neoceratodus

identically the same as in the amphibians, excepting only the aberrant Tchthyophis and Siphonops.
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Herein the lung-fishes differ, it may be said, fundamentally from the rest of the fishes and resemble

the frogs. As this matter will be returned to in the next section it may be left for fuller discussion

there.

The fenestration of the nasal roof.—The similarity noted here and the fact that it did not

extend to other fish was noted by Bridge. Having described the fenestration, in a footnote he

remarkB :
* With the exception of the Dipnoi, this curioiis fenestration of the nasal roof occurs in

no other vertebrates except certain Urodele Amphibia, and affords another instance of the many

homoplastic modifications which are to be noted in the two groups.' It is a fact that, as he

fiirther notes, this fenestration has been obsei-ved, but hardly more than indicated, in certain

selachians.

" Like several of the other features, which are here pasaed in review, wherein the lung-

fishes resemble the amphibians more than any other of the fishes, this is not advanced as being

in itself of phylogenetic significance, but considered in conjunction with all the others it lends

weight, and receives weight. It is certainly significant that so ' many homoplastic modifications
'

are found in the Dipnoi, whilst none are foimd in the ganoids which lived side by side with them.

Why, one cannot but ask, are the resemblances between the crossopterygians and amphibians

regarded as of phyl(:)genetic import, while those between Dipnoi and amphibians must be deemed

merely homoplastic ?

" The homology of Ou .tupra-orbital hone with the amphibian prefrontal.—This is a homology

maintained by Bridge, but Kesteven has maintained the homology of the teleostean ectethraoid

and the amphibian prefrontal ; if he bo cori-ect, this feature is not a pecjuliarity of the dipnoans.

" The form of the brain.—Herein we have a feature which is unquestionably of phylogenetic

import. Here, in the Dipnoi, we have the inception of those modifications of the cerebral

hemispheres which cuhninat^ in the mammalian neopallium. It is quite beyond question that,

whereas there is a fundamental similarity in the brains of all other fishes, there is on equally

fund'mi:-iUMl ilopari.u^v from that typ<;> in tii'> dij^i.) in brctiii, and that we miiflt turn to the

amphibians for a shniiai- brain, and, further, that having bo tm'ned, we find the similai-ity between

dipnoan and amphibian brains as complete o^^ that between the rest of the fishes among

themselves.
" The possession of internal nares may be merely a homoplastic variation, but equally it

may have been derived from an ancestor common to the gnathostomes possessing them. As

far as my reading serves me, it would appear that the dipnoi are the only animals below the

Amphibia so endowed.

'*The division of the atiricle into rigH and left halves.—That this does not occur in other

fiah is, of course, not in need of telling, but, together with the form of the limg and the related

modifications of the arterial and venous systems, it has been regarded as tho result of parallel

modification under tlie drive of similar environmoiit. On the other liand, it is equally well

known that in certain of the ganoids, especially Folpyterns, the air-bladder acts as a subsidiary

respii"atory organ (Budgett). There is not wanting evidence that in the Teleostei also the air-

bladder acts as a subsidiary respiratory organ (Jobert). Although this is so, it is also a fact

that in neither Arnia, LepidosteuSy Polypterus nor the teleosts investigated by Jobert is there

any indication of those modifications of the heart and vascular system which, in the dipnoans,

resemble the amphibian arrangement. Wo have here, then, circumatantial evidence that there

was nothing in the mere assumption of a respiratory fimction by the air-bladder to condition

variations in the vascular system after the amphibian pattern ; some other circumstance or

factor must be invoked. Since it did work in the same manner on both dipnoans and amphibians,

it is at least not unreasonable to postulate ' inherited potential '

.

" The arterial system.—Bridge briefly reviews the artorial systems of the dipnoans as follows :

' As in so many other features of its anatomy, Neoceratodus exhibits in its arterial system abundant

evidence of the widespreading affinities of tlie group to which it belongs. In it^ branchial arterial

system Neoceratodus presents a singular combination of features which, individually, are

characteristic of Amphibia and Elasmobranchs. Special amphibian features may be noted m the

origin of the afferent branchial arteries almost simultaneously from the anterior end of the conus

arteriosus ; in the origin of a lingual artery from the efferent vessel of the first arch ; and ui the

derivation on either side of a pulmonaiy artery from the fom'th epibranchial artery. Agreement

with Elasmobranchs is to be found in the presence of two efierent branchial \^es8els in each

branchial arch, although the relations of these vessels are more primitive than in most adult

Elasmobranchs, inasmuch as the two efferent vessels of the same arch unite to foi-m an epibranchial
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artery ; and also in the origin and distribution of the anterior and posterior carotids. Lastly

may be mentioned the fact that Neoceratodus agrees not only with the Amphibia, l>ut also with

those generahzed Teleostomi, Polypterus and Amia, in the mode of origin of the great arteries for

the air-bladder ' {from the fom-th pair of efferent branchial vessels). This last is described as a

' significant renemblance '
(p. 338).

** ' Of the two remaining Dipnoi, the arterial syst-em Protoptents is better known than that

of Lepidosirejir but in both cases further reseai-ch is needed before a satisfactory comparison

can be made with Neoceratodus and other Vertebrates. It is evident, nevertheless, that both

genera differ from Neoceratodus in approximating more closely to the Amphibia than the lower

fishes, in so far as the branchial part of tlie arterial system is concerned.' [Lepidosteus in its

arterial system in said to offer ' a singularly interesting transition from the Elasmobranch to

the Teleost ' {I.e., p. 334).]

In this comparative review Bridge was struck by the dual nature of the similitudes of the

arterial system, those wherein it resembled the amplxibian on the one hand and those wherein

it resembled the elasmobranch on the other ; characters new and characters archaic.

" Of the new characters, conceivably, the origin of pulmonary arteries from the fourth pair

of efferent branchial vessels may be causally ' post hoc ' to the assumption of respiratory function

by the air-bladder, but not so the peculiar origin of the Imgual artery or the bunching together

of the afferent branchial vessels at the anterior end of the conus arteriosus ; else why baa it not

fiapx>ened in Polypterus and Amia ? In both of these the au-bladder functions as a respiratory

organ supplied by pvilmonary arteries similar to those of Neoceratodus.

" The venous Features of this system wliioh may be regarded as pointing to a

common ancestor for the dipnoans and the Amphibia are the renal-portal vein, the inferior \'ena

cava and the anterior abdominal vein. I3ridge writes :
' Lc-ss is known of the venotis system of

Pruiopterus [than of that of Neoceratodus], but it is certain, nevertheless, that it pi-esents a more

advanced grade of evolution . . ., and. except for the doubt as to the existence of the anterior

abdominal vein, it is essentially similar to that of a Urodele Amphibian in which the right posterior

cardinal vein has aborted.' There is no evidence that any of these features is merely a homoplastic

variation.

The external gith.—Kevein the Dipnoi share a distinction with the Crosaopterygii as well

as the Amphibia, and we are to assmne that the featiu-e was present in their common ancestor,

but it is not evidence that the ancestor in question was more rrossopterygian than dipnoan

in character.
** The form of the air-bladder and its function.—Although the air-bladder of Polypterus is

more complex than that of other ganoids, and to that extent it stands as an intermediate stage

between the dipnoans and other fishes, it is not of great phylogenetic significance because it

has not associated with it those other modifications of the respii'atory and vascular systems

which in their totality bring about the stril-dng resemblance between the dipnoans and the

amphibians. In the case of Polypterus the increase in the complexity of the walls of the au'-

bladder is a single isolated modification, and, moreover, one that may with justice be regarded

as resulting from the infiuence of the environment ; although the resemblance is marked, it well

may be an analogoiLS modification and not a homologous one. The de\T-lopmont of a glottis

might also be regarded as but another part of the same modification. On the other hand, the

ventral position of the glottis cannot be so regarded ; there are forms with air-bladder almost as

complex and a dorsal glottis. It is believed that this position of the glottis is evidence of the

existence of closer relationship between the Crossopterygii and the dipnoans than between the

former and other ganoids. There is other evidence in support of tliis belief.

The possession of a. fibro-cartilaginous epiglottis by two of the dipnoans is not, in itself,

significant, but being superadded to the glottis it is ; unless we assmne that it was evolved pari

passu with the glottis, it surely pushes the origin of the glottis further back in time. Does it

not indicate that the respiratory function of the air-bladder in the dipnoan ancestry was so

well established that already there was divei-sity in the supei-added structure amongst the

members of the group ?

The mating utU of Neoceratodus is essentially similar to that of the frogs. I know of no

fish with a mating call.

" The development of the cerebral hemispheres.—Kerr (1902), when describing the development

of the brain of Lepidosiren, describes the hemispheres as arising as * two separate lateral bulgings

of the wall of the thalamencephalon ' and notes that herein the development of the bram of
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Lepidosiren presents features of fundamental importance to a proper mideretanding of the

morpliology of the vertebrate brain generally. Professor Kerr returns to this question in hie

account of the development of Polypterus (1907), and his remarks are worthy of quotation in full.

*' ' As has been pointed out elsewhere, I hold the view of von Baer, Reichert, Ooette and
Studnicka that the true cerebral hemispheres as seen in Vertebrata from Dipnoi upwards^ are

to bo looked upon as piimitively paired structures—as lateral evagmationa of the wall of the
primitive foro-brain, developed doubtless in order to give space for the great increase in the mass
of nerve matter in this region correlated with the increasing development of the olfactory organ.

I find it diflicult to realize how anyone can fail to be couviticed that this is the correct view to

take of the morpliology of the hemispheres, loohimj at their mode of developiTicnt in the Dipnoi and
Amphibia and to their adult relations in the higher forms where that potent disturbing factor

—

the yolk sac—is present. In Polypterus a quite similar increase takes place in the mass of nervous
matter foraaing the sides of the primitive fore-brain, but in this case there is no evagination of
the brain wall to form hemispheres, beyond the small pair of olfactory lobes. Room is found
for the nervous mass in other wayn : (l) the side wall becomes greatly thickened to form the

so-called " basal ganglia "
; (2) the thalameneephalon increases much in length and (3) the

thickened portion becomes slightly invaginated instead of being evaginated. The nervous
material which corresponds with the whole of the hemisphere in the higher forma—including

the pallium or mantle—lies in the thickened wall of the thalameneephalon. What is ordinarily

termed the pallima in tlie Crossopterygians is nothing more nor less than the roof of the
thalameneephalon, which is of course epithelial here as elsewhere. The conditions in

Actinopterygian Ganoids and Teleosts are obviously similar to those in Polypterus : what is

ordinarily called the palliiun in these forms is simply the epithelial roof of the primitive fore-

brain, while the so-called basal ganglia are thickened walls including what corresponds to the

whole of the hemispheres in higher forms.' Kerr concludes by pointing out that Studni6ka has

already given utterance to exactly the same views \

Clearly we are compelled to conclude that the form and mode of development of the

cerebral hemispheres are features wherein the Dipnoi differ fundamentally fram the fishes and
resemble the amphibians.

Gregory finds that the Dipnoi and Crossopterygii were derived from a common ancestor,

and concludes his paragraph thus :
' Nor should the difference in brain structure of these modem

forms outweigh the abovementioned resemblance, for there is no evidence that the brains of the

Devonian Crossopterygii were any more divergent from each other than were the other parts of

the body.'

With this conclusion T am unable to agree. If our knowledge of the reoent dipnoans

were confined to fossil skeletal structures only, we would unhesitatingly classify them along

with the rest of the dipnoans, and we should find that they all differed from the crossopterygiane

in one fundamental respect—they are autostylic, while the Crossopterygii are without exception

neohyostylic. In the \ ery nature of the problem we can have no direct evidence as to the form
of the Devonian brains, bvit it is surely more likely that the Devonian dipnoans resembled the

recent hi this respect, having inherited this brain form from an earlier ancestor, from whom also

the Amphibia inherited it. If this view be not accepted, we must accept one of two alternatives :

(1) the dipnoans and amphibians independently developed this type of brain
; (2) this type of

brain was possessed by the common ancestor of the crossopterygians, dipnoans and amphibians,

but the crossopteiygians reverted to the ichthyic type.

" Neither of these alternatives is acceptable.

" With a view to emphasizing the character of the fore-brain, it is proposed to designate the

whole of the fishes ' Archiprosenwphalica ' and the rest of the Anamniota and the Amniota
' Neopresencephalica [sic] '.

The history of the palato-ptcrygo-quadrate.—The significance of the autostylic condition of

the Amphibia and of the Dipnoi was discussed by Huxley, Bridge, DoUo, Goodrich, and Luther

(1909, 1913, 1914), all of whom agreed that the axitostylisra was a secondary character. According

to Edgeworth, Fiirbringer was the firnt to cast doubts on the correctness of this view. He was
* of the opinion that the primitive condition was one in which the mandibular and hyoid bare

articulated separately with the cranium ' (Edgeworth).

** Edgeworth's opinion on the question is as follows :
' The sum of these skeletal phenomena

suggests thai; Selachii, Batoidei and Teleostomi are descended from autostylic and monimostylic
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aucestors in which there was a pterygo-quadrate united to the chondrocranium at three points.

The anterior end was probably fused with the ethmoid region. The middle region was probably

fiLsed with the trabecula by a basal process. The otic process was probably fused with the

auditory capsule. This condition was lost and a streptostylic one was developed. Heptanchus

is autoetylic, the others amphistylic or hyostylic, whilst various traces are left in developmental

phenomena or in adult anatomy of what existed in the past ' {loc. cit., p. 267).
'* In the main 1 hnd myself in agreement with Fiirbringer and Edgeworth, though 1 cannot

agree with the latter that any of the hyostylic elasmobranchs or teleosteans have descended from

ftutostylic ancestors. I would point out that he has hunself collected and produced evidence

that, with the exception of Lepldosteus, Petroniyzon, and two of the dipnoans, every anamniote,

not excluding the Holocephali, sufficiently studied has an originally quite free palato-pterygo-

quadrate cartilage (see Kesteven, 1931, Table I, p. 172). This should surely be interpreted to

indicate that the prijnitive <!ondition was a streptostylic condition. I cannot agree, however,

that this primitive stroptostylism was a hyostylism.

" Dollo wrote of the autostylism of the Dipnoi :
' c'est un pure consequence de I'adaptation

k un regime triturateur tr^s accentu6 (mylodont), dans un but de consolidation de Tappareil

masticatoir.
*' * 1. En premier lieu, la inorphologie d^imontre^ certainement, sans r^plique, que les

Vertebres autostyliques derivent de Vertebres hyostyliques.
** * Et I'Embryologie confirm cette conclusion.*

" This statement is supported by a quotation fi om Cope wherein Huxley is stated to have

shown that the Batrachia are hyostylic in early stages and become autostylic in later stages of

development.
'* I have sought iii vain for the embryological evidence that gives confirmation to the state-

ment that autostylic vertebrata are derived from hyostylic forms.

Kerr, too, is among those who believe that the primitive condition was one in which there

was an attachment of the mandibular arch posteriorly.

*' He states that ' the usually accepted idea of the mandibular arch is to regard it as a half-

hoop shaped cartilage resembling the other arches, to which is added a forwardly projecting

outgrowth—the palato -pterygoid bar—which forms the primitive upper jaw skeleton.*

** T have not met elsewhere this idea of an added palato-quadrate, nor can I find justification

for the suggestion in the facts.

" There is, of coiu-se, gi-owth in length of the maxillary segment of the first arch aa there

ia growth in length of the mandibular, or as there is growth from the centre both ways in length

of the branchial and hyoid arches, but this growth in length of the dorsal segment of the first arch

is not fimdamentally greater than in the other arches and does not suggest the addition of anything

not added in the growth of the other arches.

" In its most primitive form, in the early embryos of elasmobranchs, the dorsal and anterior

end of the first arch is almost in contact with the trabecula behind the rudiment of the nasal

aac, lying close to the edge of the future mouth. With increase in size of the individual and the

increasing gape, the upper and lower segments of the arch are lengthened proportionately,

becoming segmented one from the other in the middle of the length of the arch Juat as do the

other arches.

" As the upper segment grows forward it retains ita close relation to the trabecula, and in

some cases becomes temporarily continuous therewith, but it should be noted that this point of

temporary contuiuity, or articulation, is not back close to the posterior end of the trabecula near

the otic capsule, but anteriorly near the nasal capsule, either in front of, beneath, or behind it.

" The hinder end of the upper .segment of thi^ first ai'ch does not become approximated to the

skull base, but becomes attached to the lower end of the upper half of the second arch, hyo-

mandibular.
" Turning now to the amphibians, it is clearly the forward end of the arch which so

commonly becomes attached to and contmuous with the lateral expansion from the forward

end of the trabecula immediately behuid the nasal capsule, whilst it is fi'om the hinder end that

are produced those processes, ascending, otic, and basal, whereby the posterior end of the bar

becomes knit to, and continuous with, the trabecula, otic capsule, and parachordal cartilages.

" This hinder end is the morphological centre of the original arch, and is the poij\t of fission

into upper and lower segments ; it is not, as stated by Kerr, ' the dorsal portion of the original

arch ' {loc. cit., p. 320).
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" Now, of all the points of cartilaginous continuity, texuporary or permanent, which have
been noted between the rudiment of the mandibular arch and the neurocranium, this anterior
one between it and the trabecula in the neighboiu-hood of the nasal capsule is the only one which
has been found to occur in every one of the major divisions of the Anamniota, hence I have been
led to believe that it is the most primitive.

** In 1S84 Cope described the structure of the skull oi Didymodxis and in the general discussion
arising out of this study he expressed it as his opinion that the Holocephali wei e the most primitive
of the elasmobranchs and traces thence the evolution of all the other fishes, the dipnoans and the
amphibians. In the course of tliis discussion he quite plamly indicates that he regards the fixed
upper jaw of the Holocephali as the primitive condition, for he says that thase forms have not
jret ' differentiated a suapensorium '.

" Portion of KingsleyVs comment hereon is as follows :
' In this there are several important

errors. In the fir.st place the assumption that the monimostylic condition is the more primitive
is at variance with every knovrw fact relatiiig to the comparative anatomy and embryology of
the visceral arches.'

"I believe that there is no room for doubt that the maxillo-mandibular apparatus has
been evolved from a visceral arch essentially similar to the arches behind it, and similar to the
branchial arches as we see them to-day. If this be so it is sxirely imreasonable to assume that
the primitive jaw was one in which the mandibular segment was in structural continuity fore and
aft with the neural cranium. There must have been transitional stages between the original
arch and the attached arch ; there was siu-ely the slightly modiiied, the more modified, and the
completely metamorphosed arch.

" If an originally ' floating * visceral arch has become structurally continuous with the
cranium at two points, it is not unreasonable to assume that the nearest point of contact was the
first to be converted to the continuous state ; undoubtedly the dorsal end was the nearest,
Thus far I have the .support of Kerr, but we differ as to what shall be interpreted as representing
the original dorsal end of the arch in the an-*phibians.

*' Again, if the maxillo-mandibular appa ratus has evolved from a visceral arch by the develop-
ment and improvement of a joint at the point of division into dorsal and ventral halves, as a
first or early step, then surely, as the first arch must have been attached to the second by muscular
and fibrous tissue, the evolution of the protohyostylic condition should have been possible
directly, without the intervention of a preliminary autostylic condition. Indeed had we but a
few more examples of the incorporation of a portion of the hyoid arch into the basal attachment
of the mandibular arch, as in Ncoceratodus, we should have to assume that this was the primitive
method of suspension. It is only the complete absence of any indication of the inclusion of any
separate cartilages in the processes of attachment of the autostylic forms that justifies the
assumption tliat this type of suspension has also been evolved directly from a primitive
gnathostome as one of the original modes of fixation of the upper jaw posteriorly.

" In the Teleostei we see the development of a mGta,pterygoid process that may well be
regarded as an incomplete attempt at autostylism, and, indeed, we have no evidence that it was
not in this way, without any structural continuity between the maxillary and hyomandibular
segments, that autostylism was developed.

" In the present state of our knowledge, the final decision as to whether the greater probability
is that the autostylic is an original or secondary mode of fixation of the maxillo-mandibular
joint, must bo by the persona! equation. I am of the opinion that it has been evolved from a
primitive suspension from the second arch, without that arch becoming modified to act as the
euspensorium of the first.

" However, whatever be the decision on this point, Edgeworth has left us little room for
doubt that the autostylism of the Dipnoi and amphibians is a feature of fundamental importance
in which these creatures differ from the fishes. This he has proven not only by his clear
demonstration of the essential similarity and identity of the three processes of attachment,
but also by his demonstration of the modification in the mode of development of the muscles
of mastication in the amphibians and dipnoans on the one hand and the fishes on the other.
His conclusion quoted above (p. 181) is fully justified by his evidence.

" Though his main contention, as just stated, appears completely justified by his evidence,
it is not so clear that he is correct in regarding the basal attachment as the most primitive, and
the processus ascendens as being ' probably a later phylogenetic development '.

i
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*' It tniist be pointed out tliat throughout the Amphibia, the processus ascendens is the first

to develop, and that, with the exception of Sipfwnojjs and Ichthyophis, it presents identical

relations tliroughoxit the class. On the other hand the basal process develops later, becomes
attached later and presents varying i-elations to the neural cranium, as to its point of attachment,

and to the nerves, and finally these variations show absolutely no relation, in their occurrence,

to the natural grouping of the creatures themselves. (See Tables II, III and IV, Kesteven,

1931.)

Our knowledge of the development of the processes of attachment in the Dipnoi is

incomplete ; unless the development in Lepidosiren is similar to that of Oeratodus it would seem
that there are three different modes of development. Edgeworth states that in Neoceratodus

the palato-pterygoid arises as an independent structure, and subsequently becomes attached by
the same three processes a:s are foimd throughout the Ajnphibia. Agar has shown that in

Protopterus the first chondrified portion is founri as a Hpur from the trabecula behind the floor

of the gasserian recess. His description aod illustration of his Trndings in Lepidosiren indicate

tliat it develops quite otherwise in this form, for, although ho speaks of a basal attachment,

it appears quite certain that in the earliest stage he illustrates the only attachment is by the

processus olicus, and that a process^is asceyidens is present in the next stage.

*' The condition in Protopterus is closely paralleled in Petromyzoyi^ and, although I now
think that one can place but little confidence in phylogenetic deductions based on the conditions

in the cyclostomes, it is not entirely without significance that, as I have previously pointed out,

the so-called basal attachment of Peiromyzon is ui truth by a processus ascendefis, as judged by
its position and relation to the nerves.

" Turning now to the evidence for an attachment by a processus basalts in the iishes, this

evidence is very scanty, and fails to convince that it was of general occurrence in ancestral forms.

" In Acmithias Sewertzoff discovered that, prior to the establisliment of the basal joint,

there was continuity of the so-called basal process with the trabecula. This basal joint is,

however, so far forward that it can hardly be homologized with the basal joint of the amphibians
and the dipnoans.

" In Lepidosteus Veit found that the articulation of the maxillary rudiment with the basi-

pterygoid process is preceded by a continuity in embryonic cartilage. In this case there appears

no reason to cavil at the identification of the joint with that in the Amphibia.
'* Unless the basal contact in Qymnarchus described by Assheton—and probably present

in others of the Mormyridae (if one may judge from their adult structure as described by Ride-
wood) and in the Syrabranchidae—can be regarded as homologous with the basal attachment of
the amphibians, we have but one single instance of such a continuity among the fishes.

The evidence for the homology of the spiracular cartilage and the otic process is more
convincing. Personally, I incline to the opinion that the metapterygoid process of the Teleoatei

is also homologous with the spiracular cartilage, and therefore with the processus oticus of the

dipnoans and the amphibians.

' It would seem that W. K. Parker and Bettany liad the same inclination, for in the figures

illustrating the chapters on the development of the Elasinobranch skull they consistently indicate

the spiracular cartilage with the letters ' M.Pt.', and in the interpretation of the lettering these

letters are translated ' metapterygoid ' (Parker and Bettany).

" It therefore appears that either the attachment by the ascending process, or that by the
processus oticus, is the most primitive of the three attachments of the amphibian autostylism

posteriorly, but the evidence does not permit us to decide in favom* of either.

" It would be of interest to learn whether the evidence of Edgeworth's wonderful series of
Neoceratodus is such that his oto-quadrate cannot be regarded as a spiracular cartilage. Neither
he, Allis, de Beer nor Schmalhausen appear to have considered the little pellicle of cartilage in

this light.

** The development of the vascular atid respiratory systems.—Since writing the earlier part of
this section—the Dipnoi and the Amphibia—I have received a copy of Kellicott's paper. From
that I learn that both he and Semon have expressed views relative to the evolution of the Dipnoi
similar to my own, though they did not regard the Dipnoi as primitive amphibians.

" To my mind KelUcott's thorough and detailed work should have estabhshed the views
of himself and Semon, and the scant attention bestowed upon his work by subseque.it writ-ers
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on the evolution of the Tetrapods, is a distinct reflection upon their ability to appreciate work

in other branches of comparative anatomy and embryology than their own speciahies.

" This review, of the foaturoK of anatomy and phenomena of development in the Ananuiiota

which bear upon the evolution of the various gnxip.s, would be incomplete mthout a summary

of the featurea of importance under the above heading, but for me to xmdertake such a review

when Kellicott has presented the facts 8o well and briefly in his General Conclusions ' would

be foolishnosB. I therefore quote that soetiun from his work ahnost at length.

" * It waa stated in the Introduction that the immediate object of this investigation was to

test embryologically the evidence, based upon anatomical considerations, for certain supposedly

Elasmobranch and Amphibian characters seen in the adult vascular system of Ceratodus. Through-

out the course of this paper, ns the development of the vascular and respiratory systems has

been reviewed, the embryological evidence has necessitated contmual subtraction from the list

of real Elasmobranch resemblances and continusl addition to the list of iVmphibian characters.

For instance, the Elasmobranch similarities seen in the arrangement and distribution of the

carotid arteries and the comiection between the anterior carotid artery and the vessels of the

hyoid arch, the double efferent branchial artery, the hyoidean gill, all prove to be in the nature

of paralleliams and are preceded by Ganoid or Amphibian arrangements ; the arrangement of

the veins of the head and of the lateral cutaneous veins resembles as closely the Amphibian as

the Elasmobranch. On the other hand the Amphibian resemblances in the adult system all

have been confirmed—-the origin of the afferent branchial arteries, the arrangement of the epi-

branchial arteries, the relations of the lingual artery, the abdominal vein, the renal-portal vein,

are typically Amphibian, and, excepting in the Cyclostomos, it ia only in the Amphibian group

{Necturua) that there is a continiiity between the eardmal veins and the branches of the caudal

vein, comparable with the an-angement in Ceralodus.

" ' Furtheimore, embryologically the similarities to the Elasmobranchs were only in auch

characters aa are common also to the Amphibia, for instance, the method of formation of the

primitive aortic arch and the arrangement of the lateral cutaneous veins. But the Amphibian

roaemblancea are extremely tnmierous—the method of tnesoblast formation, the hypoblastic

nature of the cardiac endothelium and the details of its formation, the development of the thyroid

body, nearly all of the numerous details of the formation and development of the heart, the

arrangement of the visceral arches, the nature of the gill-pouches and gills, the presence of

elongate " larval gills the arrangement of the afferent branchial arteries and their relations

to the conua, the early development of the branchial arteries, the formation and relations of

the hyomandibular artery, the development of the Ungual artery, the formation and relations of

the carotid arteries throughout a long period, the relations between tlie posterior cardinal veins

and the pronophroa, the later condition of the posterior trimk veins, the development of the

inferior jugular veins, the development of the abdominal vein, the arrangement of the vitello-

intestinal vein and the formation from it of the hepatic and subintoatinal veins, the formation

of the hepatic-portal vein and its relations with the snbintostinal vein, the development of the

lung—in all of these respects, to enumerate only the more important, there is close, usually exact

correspondence between Ceratodus and the Amphibia.
" * Characters more or leas intermediate between Elasmobranch and Amphibian arrange-

ments are the mmnber of gill pouches, the development of the efferent branchial arteries which

resembles the Ganoid rather than the Amphibian, the arrangement of the interrenal veins, and

the frequunt anastomoses between the posterior cardinal veins . . .

'* ' The immediate object of this mvestigation as stated above is, of course, really a part,

of the larger question of the relationships of the Dipnoi. It is unwise to attempt exact or complete

statements in the entire absence of knowledge concernmg the development of the Crossoptei-ygii,

especially since such knowledge is soon to be expected, but it is absolutely impossible to believe

that the Amphibian resemblances soon in Ceratodus in the development of the vascular, respiratory

and urinogenital systemn, as well as throughout the early processes of development, are in the

nature of parallelisms. In the light of their embiyology, it is impossible to believe that the

Dipnoi and the Amphibia ai-e not closely related and that they have not travelled for a time

along the same path at some period dm'ing their history.'

" When to this strikhig evidence are added the facts that these two group*^ are eupulmonate,

autostyhc, and neoprosenceplialic, differing in all three respects fundamentally from the rest of

the Anamniota, it may be fairly claimed that Kellicott'ia conclusion is as completely proven as

circumatantial evidence can prove it.
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Finally, it is also contended that all the recent work on the development of the
Crossopterygii and Dipnoi has indicated that the latter are more nearly akizi to the Amphibia
than to the former, and that this fact should be admitted in classifications by assigning the
Dipnoi a place among the Amphibia.*

"The Evolution of the Cheiropterygium.

" The evolution of the cheiropterygium is so wrapped in obscurity that Kingsley'a summary

—

* No known facts of either embryology or palaeontology throw any certain light on the matter *

—

is still very true. The latest sm'vey of the question that I am acquainted with is that of Gregory,
who briefly reviews the previous work.

" It must be admitted that Gregory is correct in his statement that :
' The endoskeleton

of the pectoral limb of the Rhipidistian offers the only remote approach to the totrapod typo
hitherto known among recent or fossil types '

; and whilst one notes that he is in agreement with
Patten, Broom, and Watson as to which elements shall be regarded as homologous with humerus,
radius, and ulna, one also notes his choice of the word ' remote ' and feels that therein he was
wise.

" Gregory further expresses the opinion that the basal and central line of pieces in the fin

of Eiistheno'pteron are probably homologous with tlio mesaxial series of Neoceratodus, and no
reason is apparent why one should not agree with this suggestion.

'* There is other evidence that the dipnoan fin was the starting point for the evohxtion of the
tetrapod limbs, which, so far as I am aware, has not heretofore been advanced. I find that
among the large number of fins whicli I have been able to dissect, the dipnoan fin alone is provided
with a segmented musculature, the segments of which are placed along the length of the fin, on
both sides thereof, so that the segments can be flexed independently.

" This extension of the muscle along the length of the fbi was probably the first step in the
development of the effectually jointed limb ; certainly such an extension must have preceded tho
modification of the skeleton, and in all probability it caused the modifications. This excursion
of the muscles along the axis of the fin was a more important factor in tho evolution of the limb
than the mere development of a fleshy muscular lobe at its place of origin from the body. Tho
mizscles of this basal lobe could but actuate the fin as a whole, and condition the more perfect
development of the single joint. The fleshy lobe of tho rhipidistian fishes was no greater than,
if indeed it was as large as those of such tjrpical forms as PnrascyUium collare amongst the sharks
and Periopkthalmus harhatus amongst the Teleostei.

'* The evidence is, indeed, so scanty that theorizing on tho evolution of the tetrapod limbs
amounts to little more than speculation, but the following summary is at least not unreasonable.

"The primitive limb was probably an archiptcrygium as defined by Gegenbauer, and it

may have been derived from an external gill as postulated by Kerr. The concentration of muscle
fil>res at the base of the arch ipterygium caused the shortening and broadening of the structure
with the ultimate development of the various types of ichthyopterygia. The development of
muscular tissue along the length of the arehipterygium and its segmental arrangement led t o the
improvement of the joints between the skeletal units, and to the development of the
cheiropterygium.

Though it may bo that the homologies of the proximal pieces of the fin of Eui^theriopieron
are an suggested by Gregory and others, it is equally probable that the fin presents an early stage
in the transition from the form with a sijigle piece next the proximal clement and those with
three or more which are typical of the recent fishes.*'

* ThrfiB other featiirea may now be added to this review.

The Squamosal bom of the Dipnoi, and in particular that of Neoceratodus, Ls so esaentially shnilar, in all
jta relations to tho choudiocraniuni and to the muscles of maatipation, to that of such anuran fonus as Bufo
and Calyptocepfialus that it is quite impossible to deny their complete liomology.

Recently Dakiri has shown that the osmotic index of the body fluids of Kenreruiodm in that of an ampliibian,
and, moreover, that the striking diffcTonco between this index and tiiut of the fishes is due to the concentraMou of
urea in tlie li^lies and its absence from tiie Itody fluids of tlic Dipnoiuis and of the Aniphiljians (0at:in. VS.M).

rinally Dr. Bancroft lias demonstrated that the young o\' Neoceratodus cannot be persuaded to live unless they be
growj) in an aquarium in which a ahelving sandy " beach " is provided for theun so that they may rest with the mouth
out of water just as the frog tadpole does.
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2. The Evidence of their Cephalic Muscles on the Phytogeny of the Amphibia.

Since there are two conflicting views as to the origin of the Amphibia, it will be necessary

to compare their musculature with that of the Teleosts and with that of the Dipnoi.

At the outset we cannot fail to observe that there is a very great difference in the ventral

constrictors of the mandibular and hyoid segments of the amphibians and teleosts. True, in

both there are Mm. submentalis and intermandibularis, but here the resemblance ceases. In

the teleosts the posterior portion of the mandibular constrictor sheet has coalesced with the

anterior portion of the hyoid sheet to form a protractor hyoidei, a muscle which is not developed

in the amphibians.

It is a fact that in such a form as Pseudorriton the cerato-hyoideus externus and cerato-

hyoidous anterior together simulate the protractor hj-oidei of the teleosts, and that even the

former muscle alone bears some resemblance to it, and it may be suggested with some justification

that what we see is the protractor hyoidei derived from that anterior portion which, in the

teleosts, is derived from the mandibular constrictor.

This resemblance is probably a parallelism superimposed on a partial homology. The

essential fact to realize is that there is no evidence in the amphibian ontogeny of the suppression

of a portion of the Csv.l. In the Selachians the Csv.l develops as a continuous sheet. In the

teleosts the sheet is divided to develop a submentalis, an intermandibularis and a portion of

the protractor hyoidei (see p. 76-77).

In the Amphibians the sheet divides to develop a submentalis and an intermandibularis.

Such a differentiation of the mandibular sheet into an anterior part, composed of fibres continuous

from side to side—the submentalis—and a posterior part, composed of fibres which extend to the

mid-hne only—the intermandibularis—is already initiated in certain of the selachians and tliia

division of the sheet is the only division foimd throughout the whole of the vertebrata, excepting

only in the teleosts. It should be understood that the treatment of the mandibular sheet of tho

Selachians earlier in this work (p. 21), as consisting of a pars intermandibularis and a pars extra-

mandibularis, is not based upon its development, but only on its adult relation to the mandible.

Therefore, to regard the cerato-hj^oideus externus of the amphibians as being derived from

the protractor hyoidei of the teleosts by the loss of the mandibular component, is to assume a

return to a more primitive condition, whereas there is no reason to believe it could not have

evolved directly.

This becomes tho more apparent when we stndy and compare the ventral hyoid muscles

in the two groups.

It will be remembered that the hyoid constrictor sheet in the teleosts is highly modified to

form the complex hyohyoidous and that in this complex muscle it was not possible even to suggest

what might be the boundaries between the superficial and deep constrictors wliich had contributed

to its make-up.

In the Amphibians the superficial and deep constrictors are quite clearly differentiated,

completely separate muscles, and it is probable that one is able to recognize the derivatives of

the partes arcuata and intorinscriptionalis of the elasmobranch sheet. Once more it is necessary

to insist that the division of the Csv.2 of the elasmobranch into these parts was an anatomical

convenience and not a developmental necessity, so that when we recognize the Cav.2 in «m almost

imaltered condition in the amphibians that is, perhaps, more than might have been expect^ed, and
sm'ely indicates that its form in the Amphibia has been derived direct from the elasmobranch

type without the ijitervention of a teleost stage.

The antero-posterior and laterad obliquity of the cerato-hyoideus externus which is

responsible for the similarity of the muscle to the hyohyoidous of the teleosts, is really

characteristic of the elasmobranch intorhyoideus, and its attachment to the mandible close to the

symphysis (per medium of the corato-hyoideus anterior) is foreshadowed by the interhyoideus

in the Holocephali. Here again there is no reason to suppose that the muscle as we find it in

the amphibians could not have evolved direct from the Elasraobrancliian condition.

Actually there is, then, no shadow of any teleostean influence to be found in the anatomy
and/or development of these ventral constrictors.

Examination of the same muscles ui the Dipnoi shows that they differ from those of the

amphibians only in being more primitive. To argue that the muscles in the dipnoans are

degenerate would also involve one in the asainnption that their degeneration had taken the form
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of a return to the primitive elasmobranchian condition ; the resemblance to that simple form is

undeniable and inescapable and, moreover, there is here even less indication of any teleostoan

influence.

Having dissected, and otherwise studied, the several foniis, I have to record that the arrange-

ment of these muscles in the Dipnoi appeals to me as being very definitely the connecting link

between the amphibians and the Holocephali.

The mandibular adductor muscles of Neoceratodus boar a striking resemblance to those of

the Holocepliaii. It seems to be beyond question that these were, in both cases, derived directly

from the elasmobranclilan condition. There is little trace of that division and specialization

of these muscles so characteristic of the teleosts.

It is not impossible that the little retractores anguli oris, which have been described in the

two dipneiunonous forms, are comparable with that portion of the temporalis which acts as a

retractor anguli oris in the teleosts.

In the amphibians the depressor labii superiofis of the anuran tadpole appears very certainly

to be homologous with that portion of the temporalis which, in the teleosts, acts in like manner
to depress the labial boues.

This, however, is not evidence of a teleost influence, but rather that the utilization of the

labial cartilages as a framework in comiection with oral prehension had already taken place

in the common ancestor of both groups. Clearly they are so used in the Holocephali.

Apart from this similarity, there is no trace of any evidence that the muscles of mastication

of the amphibians have evolved from a teleostoman t^'pe. Their speciahzation is sui generis

and not moulded on the teleostoman.

The depressor mandibulae is very definitely foreshadowed in the Holocepliaii, where its

origin from the dorsal part of the hyoid superficial constnctor is beyond question. Here again

we find no trace of any teleostean influen.ce in tlio evolution of the muscle. There is nothing
comparable to the depressor mandibulae in any teleost that has as yet been described.

Amongst the intrinsic branchial muscles we certainly find that the ventral branchial muscles

—

aubareuaiia obliqui, transversi and recti—are essentially similar to these muscles in the teleosts

and have no parallel amongst the muscles of the bi'anchial segments in the elasmobranchs. On
the other hand, the musculi marginales of the Dipnoi and Amphibia are derived from the inter-

branchial muscles of the elasmobranchs, and these muscles are not developed in any teleost.

It is difficult to understand how these muscles could have reappeared in the amphibians if they
are descended from teleost ancestors, for the muscles are very completely discharged from the

whole of the developmental history of the teleosts. It will be remembered that in these forms
the branchial muscle plates spUt into dorsal and ventral portions and that there remains no
connecting strand between the two halves. To assimie that in the descendants of such forms
this splitting should have been abandoned and the older method of developing a muscle from the

middle segment returned to, is an assumption that evolutionary roads may be travelled backwards
as well as forward, an assumption entirely contrary to the great mass of the evidence available ;

so much so that it is almost repugnant to the modern moiphologist. Moreover, the assmiiption

would be invoked on behalf of relatively imimportant evanescent muscles.

The amphibians also differ from the teleosts in the complete absence of the epiarcual muscles
;

herein, of course, they also differ from the elasmobi'anchs.

The conflicting evidence of the branchial muscles is probably to be explained by the fact

that both the teleosts and amphibians are descendants of a form in which the dorsal branchial

muscles, the interbranchial muscles, and the ventral branchial muscles were all developed.
The teleosts lost both the dorsal and interbranchial, the amphibians lost only the dorsal.

If my identification of the superficial dorsal constrictors of the amphibians is correct, then
this is a further point in which they differ from the teleosts

;
if, however, these should prove

to be in reality the levatores arcuum branchialium, as has been said in the past, then tho
resemblance here is to both the teleosts and the elasmobranchs.

Generally the conclusion that seems forced upon us by a comparative study of the cephalic

muscles of the teleosts, dipnoans and amphibians is that there is no e\adence either in their

development or adult anatomy to indicate a teleostean ancestor for the Amphibia.
On the evidence before us, we are therefore justified in stating that the Dipnoi were probably

derived dii-ectly from some elasmobranehian, or pre-elasmobranchian ancestor without ajiy

direct inheritance of teleostome characters, except such as were present in a more ancient common
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ancestor. And we may further state that the evidence points to the Dipnoi a3 presenting the

most primitive definitely Amphibian form known, and that it probably approximates to the

direct ancestor of the known Amphibia.

These conclusions, however, do not complete a review of the probable origin of the Amphibia,

for the Embolomoroua skull is so different from that of the rest of the class that one is practically

forced to the conclusion that there are, amongst the fossil and recent forms, representatives of

three very distinct tribes—-the Embolomeri, the Dipnoi, and the remainder of the class.

Unfortunately, we are denied any knowledge of the Embolomeri except of theii* skeleton.

The skrdl, however, presents differences which are here believed to be fmidamental, and these

we proceed to discuss.

3* The Serial Homology of Certain Bones in the SkuMs of Amphibia and their

Bearing on the Evolution of the Class.

The Amphibian skull presents itself in two very distinct forms. On the one hand, there

are the skulls with expanded pterygoid bones related to the basis cranii, and, in all probability,

developed in that relation in all the forms in which thoy are found, certainly as developed in

the Dipnoi. Skulls of this type are found in the Embolomeri and the Dipnoi.

On the other hand, there are the skulls with a pterygoid bone completely, or almost

completely, divorced from the basis cranii, and in all the recent forms, if not also in all the fossil

forms, developed in relation to the pterygoid process of the quadrate, and only gaitiing such

relation to the basis cranii as it possesses by later, secondary, growth.

It is significant that the Embolomeri, which present the former type of palate in its highest

dev^elopment, are remarkably similar to the Cotylosaurian Reptiles, and have been regarded by

all who have studied them as probably presenting the amphibian type from which the Reptilia

generally have {^volvorl.

It is submitted that the two very distinct types of amphiVjian skulls are at once understand-

able if tliey be regarded as being derived by two different linos of evolution from a condition such

as is presented by the Dipnoi.

On the one hand, there evolved the primitive " fish " type of palate with (1) a broad para-

sphenoid, (2) poor ossification of the basisphenoid region of the basis cranii, (3) a so-called pterygoid

which presents three rami, bounds the via masticatoria medially and anteriorly, is developed in

relation to the pterygoid process of the quadrate and .uaius such relation to the basis cranii as

it presents by later, secondary, growth.

On the other hand, there evolved the more advanced " tetrapod type of palate with

(1) the parasphenoid reduced to a " vomerine " splint, (2) good ossification of the basisphenoid

region of the basis cranii, (3) the pterygoid bone, expanded and contributing largely to the

formation of the palate, occupying much of the situation of the broad parasphenoid of the more

primitive type of palato, meeting its fellow in a more or less lengthy mediaii suture, suttnung with

the median edges of the palatino and os transversum, bounding the via masticatoria medially

and doveloped, in all probability, in relation to the basis cranii.

These two types of amphibian palate are represented by the Embolomeri on the one hand

and the rest of the Amphibia on the other, with the Dipnoi as a connecting link between them.

It must be quite obvious that certain statements as to the situation, relations, and

development of the " pterygoid " bone in the two types of palate suggest that they are not

homologous.

At the outset one may say with confidence that the bone which has been designated pterygoid

in the whole of the Amphibians, excepting the Dipnoi and the Embolomeri, is the same, and

that the bone Is homologous throughout. Its development has been observ^ed in a sufficiently

representative range of genera to permit one to assert this with contadence.

Comparison of the bones in a lepreaentative ratige of fossil palates serves to confirm the

homology throughout the fossil foi'ms.

On the other hand, one is also imable to deny the complete homology, one with tho other,

of the pterygoid bones of the Embolomeri and the Dipnoi.

AVhen, however, the pterygoid bones of these last are compared with those of tho other

amphibian palates it becomes almost obvious tliat the bone in the two groups is not the same.

The development of that of the Dipnoi has already been discussed (p. 2 ^1) and it appears entirely

reasonable to assume that the pterygoid of tho Embolomeri is developed in similar manner in

relation to the ethmoid and sphenoid regions of the basis cranii. It is probable that the meeting
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of the pterygoids ventral to the " vomerine " parasphenoid is the result of secondary growth,

and that Hko those of the Dipnoi they appeared first on each side of the much reduced

parasphenoid.

To the present writer it seems probable that these median pterygoids of the " tetrapod

type have arisen by the division of the primitive parasphenoid into three parts . The Dipnoi are

beUeved to represent a primitive condition in this division. The subotic wings of the bono are

believed to have developed from their own centres of ossification, whilst the median portion has

been developed from a third centre. It is for this reason that the parasphenoid has been so

constantly designated the synpterygoid throughout this work.

It is further believed that the so-called pterygoids of the great majority of the amphibian

palates are not homologous with these but are homologous with the os traneversum of the reptilia.

But, it will be at once asked, are not those bones already present in the palates of certain of the

Stegocephalians, and if so how can it be that these forms possess two ossa transversa ?

An examination of the stegocephalian palates in question, and a comparison of them with

other closely related palates discovers that this os transversum is only present in quite a few of the

stegocephalians. The bone is said to be present in Eryops^ Capitosaurus and Metojjosaurut?,

may be present in Rhinesuchxis and Trematosmirus, and is certainly absent in Batrachofiuchw>%

Cyclotoscmrun And BranrJUosaiirtis. It is apparently also absent from the palate o{ Archegosanriis.

The OS transversum is apparently present in OrthosauruSj but its shape has been differently

detei'mined in each of tho three descriptions available to rae. Watson says that in the closely

allied Pteroplax there is no os transversum, the palatine extending back to the end of the

maxilla ".

Clearly, if there be a bone in the lateral portion of the palate behind the palatine in any of

the stegocephalian palates, it cannot be regarded as an established component of the palate,

but as an adventitioas element. Watson has suggested that there is evidence that in Orthosaurus

this variability is carried still fiu-ther by the division of the bone into two.

In order that a proper understanding of the os transversum be arrived at, it becomes necoBsary

at this stage to anticipate later work and examine the bone in the reptilian palate.

At the outset it is found that the bone is certainly absent from most of these most primitive

reptiles, the Cotylosamria. It is
'* possibly " present in Seymouria and Pan iasaurus alone

amongst the members of this group.

The bone is also absent from the palate of the Testudinata and from that of the Ichthyosauria.

It is present in all other reptilian palates.

Though at first sight the transpalatine bone of such a reptile as Thaumatosaurus or

Amphistraena bears a close resemblance to the bone so named in some of the Stegocephalians, a

closer examination reveals that here, as in the great majority of the reptiles, the os transversum

sutures with the lateral edge of the pterygoid well behind its anterior end, whereas in all the

stegocephahans the os transversum lies in contact with the anterior end of the pterygoid and,

fiu*ther, it will be observed that the pterygoid lies to the inner side of the subocular palatal vacuity

where it sutm'es with the os transversum in the reptilian palate, but to its outer side in the

Stegocephalians.

It is, of course, quite impossible to prove this contention, but it is believed that the

explanation of the seeming discontinuity and apparent variability lies in the fact that the os

transversum of the reptilian palate is really the homologue of the anterior portion of the pterygoid

bone of the generality of the Amphibia.

The so-called os transversum of the Stegocephalians might be designated post-palatine, if

this belief be correct.

The evidence on which this belief rests may be briefly reviewed :

(1) The primitive condition of the covering of the basis cranii was by an expanded para-

sphenoid, which covered the whole of tho basis of the eaviun cranii and extended forward below
the sphenoid and ethmoid regions.

(2) The development of endocliondral ossification in the basisphenoid region was accompanied
by a reduction of the parasphenoid bone ; probably this was a causal correlation.

(3) The reduction of the parasphenoid is associated with the development of pterygoid

bones which, in all the moat primitive reptiles, the Embolonieri and the Dipnoi, occupy the

situation of the lateral portions of the primitive parasphenoid posteriorly and the whole of tho

anterior portion, excepting only the narrow vomerine aplint-liko remnant.
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{4) The primitive form of the pterygoid bone is an expanded lamina which meets its fellow

in the niid-lirie.

(u) Throughout the Amphibia, excluding only Embolomeri and Dipnoi, the so-called

pterygoid articulates with the subotic region of the basis cranii, in the neighbourhood of the

basal root of the quadrate.

(ti) Throughout the Reptilia and in the Embolomeri the pterygoid articulates with the

baaisphenoid and conunoniy also with the subotic portion of the base of the cranium. The

articulation with the basisphenoid is the only relation to the basis cranii which is constant.

(7) Throughout the whole of the Amphibia, excepting only the Embolomeri, the so-called

pterygoids are widely separated anteriorly and lie laterally to the subocular palatal vacuity.

(8) Throughout the whole of the Reptilia and in the Embolomeri the pterygoid bones meet

at, or are very closely approxunated to, the mid-line anteriorly and lie medially to the subocTilar

palatal vacuity or are so extensive as to close that vacuity.

(9) The prunitive ptei-ygoid bone exhibited by the Dipnoi is developed, like the parasphenoid

bone, as a membrane bone on the ventral surface of the cavum cranii.

When to these facts there is added the sum of those many features which indicate that the

Dipnoi are primitive, the most primitive Amphibians known, and that thoy probably approximate

very closely to the common ancestor of the whole of the Amphibia, it appears reasonable to

conclude that the final total justifies the belief that the pterygoid bones of the Reptilia are derived

from the primitive parasphenoid and are not homologous with the pterygoid bones of the

Amphibia, excepting only those of the Dipnoi and the Embolomoii.

The recognition of the os transversum of the reptilian palate as the homologue of the

pterygoid of the amphibian rests largely on the acceptance of the last belief.

If the reptiUan pterygoid really represents, and is to that extent homologous with, the

lateral part of the parasphenoid of the amphibian palate, then the oe transversum is at once

recognizable as the anterior arm of the typical amphibian pterygoid. Throughout the whole of

the Amphibia, excepting only the Embolomeri and the Dipnoi, this pterygoid bone acts as the

bony boiuidary of the via masticatoria on its inner and anterior margins, and serves also as a

strut mauitaining in place the maxillary arcade at the anterior limit of that space. It will be

at once granted that such a limitation of the via " and such a strut to the arcade ai'e mechanical

necessities, and that, once developed, the structure would be maintained. The anterior boundary

of the via masticatoria is the posterior boimdary of the orbit. In the absence of a rigid bar

between the two, contraction of the anterior muscles of mastication would result in their displacing

the structui-es in the orbit forward or compressing them against the anterior boundary of the

orl)it.

In the apode Amphibia we observe the so-called pterygoid bone reduced to the reptilian

(os transversum) condition, a short bar extending from the posterior end of the palatine mediad

and caudad to articulate with the lateral edge of the parasphenoid and closing the via masticatoria

anteriorly. In this form the articulation with the basis cranii in the region of the basal root of

the quadrate has been lost by reason of the fact that the parasphenoid has extended laterally

beyond the lunit of the basis of the ca\nun, and the relation to the basal root of the quadrate

has also been lost. On the other hand, the bone is closely related to a persistent,

ossified, pterygoid process of the quadrate, which lies above its posterior end articulating with the

same narroM' subocular flange of the parasphenoid.

It is unquestionable that, were the parasphenoid of the Apoda divided mto right and left

halves we would quite unanimously agree that the so-called pterygoid should be regarded as an

OS transversum ; all its relations to bony and soft structures would be as iji the reptiles.

It would appear that the sfjong development of the muscles of mastication had necessitated

greater apace, and that this had been obtained by the forward transportation of the anterior

boundary of the via masticatoria, whilst the development of a lateral subocular flange of the

pai-awphenoid had divorced the imier end of that bar from the basis craiiii.

In similar manner, it is believed, the splitting of the parasphenoid bone into right and left

halves and their separation from the basis cranii has detennined the lateral migration of the os

transversum in the reptilia, whilst the development of massive muscles of mastication has forced

the bone forward.

It is submitted on behalf of the arguments just advanced, that they do not run contra to

any evidence of palaeontology, embryology, osteology, or myology, and that thej' provide au

explanation quite in harmony with both phylogeny and teleology.
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Since, however, it is not contended that the homologies here suggested are proven beyond

question by the facts adduced in evidence, it is desirable to examine briefly those facta which

would appear to contradict the conclusions ari'ived at.

Probably the, apparently, moat contradictory fact is that in some reptUea the pterygoid

bone develops in relation to the pterygoid process of the quadrate in a manner similar to the

development of the pterygoid of the Amphibia.

A critical examination of the conditions of this relation tlu^oughout the Sauropsida reveals

that the resemblance is probably more apparent than real. Aa a matter of fact, the association

of the pterygoid process and the pterygoid bone is not of general occurrence in the group ; it is

actually the exception and not the rule. There ia no such association in any of the Aves at all,

and there is no doubt as to the complete homology of the bone in the two subclasses.

In the Crocodilia the pterygoid bones are developed in relation to the lateral edge of the

basis cranii, exactly as postulated for the lateral portion of the parasphenoid, nor does it present

any relation to any part of the quadrate.

In the Chelonia the relation to the pterygoid process of the quadrate is one of juxtaposition

only, there is no actual ectochondral ossification.

In the Lacertilia, though there is, in some genera, a close association of the posterior end

of the pterygoid bone and the pterygoid process in the neighbourhood of the epipterygoid cartilage,

the complete absence of any such association in other genera, by reason of the complete absence

of the pterygoid process itself, may be taken as evidence that there is no ectochondral ossification

of the process even in those cases in which the process is present and closely placed to

the pterygoid V>one.

In the Ophidia the pterygoid bone is developed quite independently of any cartilage at all.

In Sphenodon, the only recent Rhynchocephalian, Howe and Swinnerton have very clearly

demonstrated the fii'st appearance of the pterygoid boae as an ectochondral ossification of the

median and lower surface of the pterygoid process.

There is room for doubt that the pterygoid process of the Reptilia is the same thing as the

process in the Amphibia, but assmning for the purposes of the present discussion that there is

no doubt about the homology of the processes in. the two classes, it must be admitted that the

variation observable in the relation of the bone to the process within the Sauropsida at least

suggests that the relation is not genetic, but is spatial only.

It may be pointed out that, if the pterygoid bone is, as here suggested, derived from the

lateral portion of the parasphenoid and has been moved laterally, it must have become approxi-

mated to the quadrate, and may well have acquired secondary relation to the portion of the

quadrate it came in contact with.

A critical examination of the facts of the development of the pterygoid bones in the

Saiuopsida revoals that in the great majority of the members of the class there is no genetic

relation between the pterygoid bone and the pterygoid process.

If the facts be viewed with the idea that the pterygoid bone of the Sauropsida is homologous

with that of the Amphibia, then, since the pterygoid bone is always developed as an ectochondral

ossification of the process throughout the Amphibia, the occasional occurrence of this relation

amongst the Sauropsida will be regarded as significant, and as the primary relation. If, on the

other hand, one is able to view the facts without this bias, it has to be admitted that the weight

of evidence of the known ontogeny of the bone amongst the Sauropsida indicates that the

occasional occurrence is a secondary relation.

Actually the relation only appears in Sphenodon and m some Lacertilians.

It may be pointed out, as contradicting the homology here suggested, that, whereas the

amphibian pterygoid bone is alway.s developed in genetic relation to the pterygoid process, the

reptilian oe transversum never is.

Whilst tliis is quite true, it seems that it may be quite simply explained by consideration of

the changes which have taken place in its situation, and of the forces which may be assumed to

have been responsible for those changes. In its transposition from its posterior to its anterior

situation, the bone has been divorced from the much reduced pterygoid process. The need for

the rigid support and limitation to the muscles of mastication is assumed to have conditioned

the retention of the anterior arm of the pterygoid aa the muscle mass increased m size, to meet

the demands of more active modes of living and greater strength for mastication. The

cartilaginous process was reduced, aa we know from the evidence available, but the bone waa

retained.
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Finally, it may be remarked that it is not without significance that in the only Amphibians

in which the basal and otic processes of the quadrate are not developed, the so-called pterygoid

bone has lost its relation to the basis cranii in the region where the basal process would have been

attached, and has been transported forward. The reference here is, of course, to the Apoda.

la this not an indication that the loss of these attachments of the quadrate is causally related to

the changed position of the os transversum ? The processes in question are never present as

part of the quadrate in any of the Sauropsida. Did the liberation of the quadrate condition the

liberation of the os transversum also ?

Finally, it may be argued that the rachitomous palate as exemplified by Eryops presents a

connecting link between the typical amphibian and the cotylosaurian condition as exemplified

by Seymouria. At first sight it would appear that the only modification of the latter skull needed

to bring about the condition in the former is that the admedian portions of the pterygoids should

disappear between the lines joining the spicule of the bones between the palatine and prevomer

and the basitrabecular process. This, however, is not so ; such a view would entirely overlook

the fact that the parasphenoid in the cotylosaurian skull has been reduced to a vomerine splint,

a fundamental difference between the two skulls, and it would also overlook the fact that, whereas

the pterygoid of Eryops articulates with the parasphenoid and subotic portion of the skull, in the

cotylosaurian, the articulation is with the basitrabecular process* lying anterior to the otic

capsule.

As a matter of fact, Eryops presents a typical rachitomous palate ; its apparent i-esemblance

to that of the Cotylosaurians is due only to the extension of the pterygoid bones anteriorly. Were

it to lose that little piece of the bones which extends anteriorly to the palato-prevomerine suture

it would lose entirely its apparent resemblance to the Cotylosauria.

There is, then, evidence of two distinct lines of descent presented by the Embolomeri on the

one hand and the remainder of the Amphibia on the other.

The evidence of their cranial osteology, musculatin-e and development suggests the following

broad classification of the Amphibia.

Pre-amphibia (hypothetical)

I I I

Embolomeri Dipnoi Euaraphibia

(Saur-amphibia)
1

Stegocephalia

I I

Apoda Neoamphibia

I I

Anura Urodela

• It is a fact that a basitrabecular process has been stated to be present in the skull of Eryops, but the statement

18 based on a confused idea of the true nature of the process. It is obvious that the process so designated lies too

far back to be a true basitrabecular process, and, moreover, the process is parasphenoidal with a lateral expansion of

the basisphenoid above it.
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PART III. THE SAUEIA.

THE REPTILIA.

INDEX OF THE ABBREVIATIONS USED ON THE ILLUSTIIATIONS TO PAKT HI.

A., Arytenoid cartilage
;

A-i., M. aryteno-interthyroideus
;

C.c.s., M. constrictor colli spinalis profundus

;

Chy., Ccratohyoid cartilage
;

C.la., M. constrictor laryngis
;

CIm., M. cleidomastoid ; Cad.2a & 2b, The dorsal hyoid

superficial constrictor muscle; Scv.la & lb, M. intermandibularis
; Csv.lb', M. intnrhyoideus ; Csv.2a & 2b, The

ventral hyoid superficial constrictor muscle
;

Csv.2', The ventral liyoid superficial constrictor muscle
;

Csv.2", Con-

strictor colli spinalis
;

C.thy., M. ceratothyroidens
;

D., tlic dentary bone
;

Di.la., M, dilator laryngis
;

D.in., M.
depressor mandibulae ; D.m-m., M. dfpresaor mandibulae niandibularis

;
G.g., Gasserian ganglion

;
G.gl., M. genio-

glossus
;

G.hy., M. genioliyoideus
;

H.gl., M. hyoglossus
;

H.gl.a., M. interhyoideus
;

H.gl.p. & Hg.p., M. hyoglossu.s

posterior
;
Hy., The body of the hyoid

;
Hy.m.l. & Hy.uin., M. hyomandibularis lateralis and medialis ; I.ch. & I.chy.,

M. interceratothyroidcus
;

I.hy., M. interhyoideus
;

Ins.mas.s,, The area of insertion of the M, raassetericus
;

T.t,,

Interthyroid cartilage
; Ju., The jugal bone

;
L.d., M. latissiraus dorsi

; Lg.d., M. longissimus dorsi
;
Lv.Oc, M.

levator bulbi oculi
;

Lv.q., M. levator quadrati ; M. & Mm., M. maasetericus
;

M.e., M. interhyoideug
; M.chy.,

M. ceratothyroideus
;
M.hy.h., M. hypohyalis ; M.liy.m., M. hyomandibularis

;
M.q-ra., M. quadratomandibulari.^

;

M.sp.pt., M. aphenopterygoideiis
;

M.t., M. temporalis
;

Mx., The maxilla
;

Nv.d.p., The nerve to the M. depressor

palpebrae
;

Nv.pt.iut., The nerve to the M. pterygoidcus interims
;

Nv.', The ophthalmicus profundus branch of the

fifth nerve
;
Nv"., The maxillary branch of the fifth nerve

;
Om., M. omohyoideun ; P. & Pal., The palatine bone

;

P.C., P.n. & P.n.o., Partem cephalognathica and notoguathica of the M. depressor mandibulae
; Pila.ant., Tlic pila

antotica
;

P.l.a., M. protractor laryngis anterior ; P.!. p., M. protractor laryngis posterior
;

Po., The postorbital

bone ; Pr.la., M. protractor laryngis
;

Pt.ex,, M. pterygoideus externua
;

Pt.int., M. pterygoideus internus
;

Pt.,m.

M. pterygoideus medius ; Pt.i.I. & Pt.i.ni., Lateral and medial parts of the M. pterygoideus internus
; Pt.p., M. ptery-

goideus posterior
;

Q.a.a., The anterior arm of tlie quadrate bone
; Q.h., The articular head of the quadrate

; QA.,

The quadratojugal bone
;

Q.m., M. quadrattmiandibuiaris
;

Q.p.a., The posterior arm of the quadrate ; Qu., The
quadrate bono

;
E.a.o., M. retractor anguli oris

;
Ue.la., M. retractor laryngis

; Sc., The scapula
;
S-m., M. storno-

mastoideus
;

S.m., The symphysis menti
; Sp.pt., SI. spiienopterygoideus

;
Sq., The squamosal bone ; S.t., Tiic

sheath ol the tongue
;

St., The sternum
;

St.hy., M. sterno-thyroideua
; St.hy.m. & St.ra., M. sterno-thyroidous

medius; St.l., M. sterno-thyroideus lateralis; St.p., M. sternothyroideus posterior; T. & Temp., M. temporalis;

T.a., M. thyro-arytenoideus
;

Th., the thyroid cartiiage
;

Th.gl., M. thyro-glossus ; Th.mn., M. thyro-rnandibularis
;

Th.ph., M. thyro-pharyngeus
; T.hy. & Th.hy., M. thyro-hyoideus

;
Thy. & Th.c, the thyroid cartilage; Th.v.,

M. genioiiyoideus
;

T.i., M. thyro-interhyoideus
;

T.ni., M, thyroniandibularis
; T-ra., M. tcmporo-massetericus

;

Tr., M. trapezius
; Ty. & Ty.m., The tympanum ; Ur., Tlie urostyle.

Elasmobranchiata. Satjropsida

M. submcntalis.

Csv.lb M. intermandibularis.

Dsv.lb' (p. extramandibularis) Not a separate entity

Pterygoideus . . Mm, pterygoideus externiis, medius and internus, and depressor mandibulae
mandibularis

Quadratomaudibular i s Mm. retractor anguli oris and temporo-massetericus, i.e. Mm, temporalis, maa-

Sfitericus and quadrato-mandibularis

Levator maxillae superioris . . Mm. pterygo-quadratus, spiienopterygoideus and levator-quadrati

Csd.2a M. depressor mandibular pars notognatliica

Csd.2b Mm. depressor mandibulae pars notognathica. Constrictor colli facialis (dorsal

part)

Cpr.d2 (pars quadrato-hyoidea) M. depressor mandibulae. pars cephalognathica

Levator hyoidei ? Cerato-hyoideus capitis of Chelodina

Interhyoideus .

.

Interhyoideus

Csv.2a and 2b M. cons^trictor facialis ventral part
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1. Lacertilia.

Physignathus,

{Figs. 130-134.)

This is a largo Agamid lizard ; the species here described, F. Icsueurii, is very common along

the streams in the neighbourhood of Bullahdelah. N.S.W. The eggs are deposited in early

November along the elevated banks of the stream. As many as twelve have been found in the

one hole. It would appear that all are deposited before the hole is filled in, for a lizard caught in

the act of oviposition had laid eight and they were not covered at all. The hole is about six

inches deep, and the top eggs are only one to two inches below the svirfaco. The egga hatch out

during the following Febi'uary. I have been fortunate in obtaining nearly two hundred of these

eggs in various stages of development. Two full sots of twelve were obtained immediately

after being laid, and these were hatched for definite periods and then fixed. Two eggs collected

as soon as laid hatched o\it in 109 and 105 days.

My developmental stages are numbered 1 to 100, the numbers indicating actually or very

closely the nmnber of days hatched. The series is complete from day to day, for the period

three days to twenty-sis, thereafter the hatching period was determined by comparing the state

of development of single specimens from groups already partly hatched, with this early series and

letting the remainder hatcli on ; as sets comparable with those already dated came to hand I

was able to extend my series with close approximation to accuracy.

THE MUSCLES OF THE MANDIBULAR SEGMENT.

(Figs. 130-131.)

The Depbessob palpebbae ustfebiobis.

This is a very thin sheet of radiating fibres which arise from a restricted area of the fibrous

wall of the orbit, behind and laterally to tlie investment of the optic nerve as it enters the orbit,

and spreads out in the lower eyelid superficially to the tarsus.

Innervation.—This is by a fine branch of the ramus mandibidaris V which is given off from

the gasserian ganglion before the R. mandibularis and R. maxillaris separate, but it may bo

traced through the ganglion to the mandibular ramus. It passes directly forward to the orbit,

deep to the lower part of the pterygoideus externus muscle.

The Mandibular ventral constrictor (Cev.) ia in two separate sheets, a smaller deep, the

Submentalis, and a more extensive superficial, the M. intermandibularis.

The Intermandibularis (Fig. 130, Csv.lb) arises from the imaer surface of the mandible

anteriorly and from the outer sui-face posteriorly. The origin from the inner surface commences

one-quarter of tho full length of the mandible behind the symphysis, and terminates a little way
behind the mid-point of tho length of the mandible. This lino of origin is fairly high up along

the inner surface and is interrupted by four slips of tho thyromandibularis which, coming from

a deeper position posteriorly, perforate the intermandibularis to gain insertions on to the inner

edge of the naiTow infei'ior sm'face of the mandible.

The origin of the muscle from tlio outer sui'face of tho mandible commences whoro the other

origin terminates and extends back to the tip of the post-articular process. In its anterior portion

this origin is from the mandible between the M. pterygoideus internus and the insertion of the

M. tomporo-massetericus. Behind tiiis the origin has been carried dorsally, by the swelling

of the body of the fomier muscle and its insertion, to tho inferior margin of the tympanic ring ;

behind this again the origin returns to the mandible between the depressor mandibulae above

and the pterygoideiis intemua below.

Innervation.—This is by two separate branches of the R. mandibularis. After giving off

the various branches to the masticatory muscles, tho nerve enters the mandible on its imier side

behmd the coronoid process through Meckel's fossa, a small sensory branch being given off from

its outer side just before it enters the canal. Inside the canal, after a short course, a branch is

given off which passes down mternal to Meckel's cartilage and thon turns mediad and perforates

the bone. This is, apparently, entirely motor, and it spreads its twigs out over the ventral

surface of the muscle ; it issues from the mandible ventrally to the last section of the origin of

tho muscle from the internal smface of the jaw. This, which Lightoller designates the mylo-hyoid

nerve, suppUes the motor twigs to the greater part of the intermandibularis.
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After giving off this motor twig the main nerve continues forward in the canal till it reaches

almost to the anterior limit of the origin of the interniandibularis pars auperiicialis. Here two

more twigs are given off in quick succession. The first is the larger ; hke the mylo-hyoid noi-ve,

these also emerge from the bone ventrally to the origin of the muscle. The first of these two

twigs is the lingual nerve, it perforates both superficial and deep intermandibular muscles and

joins the hypoglossal nerve in the sublingual ganglion. The second may be termed the anterior

mylo-hyoid nerve ; it divides into two branches, the first of which spreads out on the surface

of the superficial intermandibular muscle to supply the anterior portion. The other branch

perforates the superficial muscle and spreads out on the ventral surface of the deep part of the

muscle (M. submentalis) supplying its motor nerves.

The Submentalis (Csv.la) is a much smaller sheet of fibres which arise from the inner surface

of the jaw dorsally to the origin of that portion of tlie superficial muscle which arises in front of

the first perforation by the thyro-mandibularis.

Innervation.—'This has been given in connection with that of the intermandibularis muscle.

]?igs. l^O-r^l.—Physwvathus.

Insertion.—Both muscles are inserted into the mid-ventral raphe. The anterior fibres of

the intermandibularis run sharply forward and are inserted almost at the sjTnphysis, those

immediately behind gradually, but rapidly, assume a directly transverse direction, and this is

maintained to the posterior margin of the muscle. The fibres of the submentalis pass obliquely

caudad, towards the raid-line and they are inserted into the same raphe deep to that part of the

superficial muscle which arises in relation to the first, second and third perforations by the

thyromandibularis. There is no uadication of an interruption m the continuity of the supei-ficial

sheet immediately on either side of the mid-hne.

The Retractor Anguli Oris is a muscle which, so far as I am able to leam, has not previously

been recorded in any reptile. It is probably homologous with the massetericus minor of the

Anura.

The muscle is a flat, roughly quadi'angular, sheet which arises from the inferior edge of the

squamosal bone and the inferior edge and deep surface of ihe jugal bone. The fibres pass directly

ventrad to be inserted into the tissues of the lips at the angle of the mouth. There is no merging

of this muscle with the underlying M. tempoi'o-massetericus or pterygoideus extemus muscles.

Innervation.—This is by a branch of the R. mandibularis V which reaches the muscle by

passing rostrad and ventrad, deep to the tempore-massetericus, and then, turning laterad and

rostrad between that muscle and the pterygoideus externus, it turns caudad aromid tlie anterior

gurface of the temporo-massetericus, to reach the deep surface of the retractor anguli oris.

The Temporo-massetericus is a very massive muscle which arises from the anterior surface

of the quadrate, the anterior and dorsal surfaces of the parotic process, the anterior membranous

wall of the auditory meatus, the lateral wall of the skull, both iimer and outer surfaces of the

posterior arm of the parietal and of the little post-temporal plastered to its ventral edge laterally,

and finally from the upper part of the imier surface of tlie jugal and imier surface of the posterior

arm of the post-orbital. The mass of the muscle fills ahnost the whole of the superficial area

of the supra-temporal space, only a quite small area of the pterygoideus externus being visible
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in the antero-medial comer of the space. The whole of the fibres converge to be inserted on to

the superior edge and outer and inner surfaces of the mandible from the tip of the coronoid

process aJmoat back to the joint. The insertion on to the outer and inner surfaces extends

about half-way down the depth of the mandible ; the insertion on to the coronoid tip is in part

effected by the tendon of the pterygoideus internum as was seen in some urodeles.

Innervation.—This is by several short branches which leave the R, mandibularis V just

after that nerve separates from the ganglion.

The rest of the masticatory muscles form a,n exceedingly complicated and powerful pterygoid

muscle which is not divided into parts by any definite cleavage planes. It is» however, necessary

to describe it in three portions, anterior, medius and posterior. The Anterior, Pterygoideus

externus, arises from the side of the body of the parietal and from the posterior surface of the

post-orbital arm of that bone and from the greater part of the length of the epiptorygoid bone.

These fibres are gathered to a central tendon by which they gain an insertion on to the coronoid

process of the mandible and the inner surface below it. This latter insertion is behind the coronoid

process and also just behind the ventral process of the pterygoid and transverse bones.

This portion of the muscle corresponds very closely, and is doubtless homologous with the

anterior portion of the pterygoid miiscle of the amphibians.

The median portion^ Pterygoideus medius, arises from the outer surface of the posterior

process of the pterygoid bone and from the lower half of the anterior membranous wall of the

auditory meatus as well as from the lower part of the anterior surface of the quadrate. These

fibres are all inserted directly mto the inner surface of the mandible over its full depth behind the

coronoid and below the insertion of the tempore-masseteric fibres inserted on the inner side of the

mandible. There is no clear plane of separation between those and the more superficial temporo-

masseteric fibres.

The posterior portion is the homologue of the muscle which, in Sphenodoti, Edgeworth

designates the pterygo-mandibularis, and which has been described in various reptiles as the

pterygoideus internus. It is completely homologous ^vith the pterygoideus internus of the

CaeciliarLs.

The Pterygoideus internus muscle arises by an exceedingly .strong band of tendon from the

posterior surface of the os tranaversum, the descending pi'ocess of this and the os pterygoideum,

and from the margin of the last bone between the process and the articulation with the epi-

pterygoid bone. This band widens rapidly as it passes back, forming a strong tendinous

investment for the ventral and lateral surfaces of the muscle. Its lateral edge is mnch thickened

and winds round the ventral edge of the mandible caudad, ventrad, and laterad, vertically bel»w

the coronoid process, without becoming bound to the mandible. A few of the most anterior

and superior of the fibres of the muscle arise directly from the posterior surface of the descending

process of the os pterygoideum aboA^e the origin of the tendon ; the whole of the rest arise from

the upper smface of the tendinous sheathing. They ai'e inserted on to both inne and outer

surfaces and ventral edge of the mandible. On the outer sid? there is n:) insertion in front of

the joint, but internally tho insertion commences immediately behind Meckel's fossa. The
fibres thu> inserted are intimately fused with those of the pars anterior, and those inserted into

the inner surface of the mandible behind them ar,:- in smiilat' relation to the pars medius. Bel)iQd

the joint facet thj mandible is almost entirely enswathed by the muscle, only the extreme tip,

where tho depressor mandibulae is inserted, not being so covered.

There y&t remains for description a portion of this musel which must act as a depressor of

the lower jaw. Depressor mandibulae mandibularis. Thes ^ fibres arise from tho posterior surface

of thri quadrat t along the superior margin of the articular surface, actually from tho upper part

of the joint capsule. They pass directly back to be inserted into thi - superior edg of th mandible

in front of the insertion of th? (hyoid) depressor mandibulae. On th^ inner aido the origin of

thesa fibres is continued ventrad and rostrad on to the imie surface of th ^ posterior ar,n of the

pterygoidemn and thoy gradually assurao ti mor • vortical direction a^ theii- point of insertion

is also carried forward along the mandible, and ultimately they are merged with the posterior

portion of the temporo-massetoricus muscle.

Innervation.—Tho Avhol^ of tin muscles of mastication are innervated hy branches of the

R. mandibular! 1 V which leav.? the nerve clos-- to the ganglion. That t » th pterygoidotis internus

runs down parallel and very close t^ th main inferior mandibidar branch and internal to it.

Just before the main nerve enters Meckel'-* fossa this motor nerve turn^ caudad and mediad.

It is a nerve of some size and was traced back through the mxiscle for a considerable distance.
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The Pterygo-quadratus muscle arises from a fine, but very strong, ligament which is attached

above to the skull immediately below the incisura prootica and below to the pterygoid bone
immediately behind the articular facet for the lower end of the epipterygoid. This ligament

lies medially i i_) and parallel with the epipterygoid. This muscle also arises from the lower edge of

that flange of the prootic bone which forms the upper part of the lateral wall of the tympanic

recess. This latter origin is confined to a very short length of the edge below and behind the

incisura prootica. The fibres pass caudad, parallel to the posterior process of the pterygoid

bone, and are inserted on the upper edge and inner surface of that process. The insertion extends

back to the capsule of the pterygo-quadrate articulation.

Innervation.—This is by a twig from the Vth nerve, given off from the infero-posterior

surface before the nerve breaks up into its three main rami.

No trace was found of a separate Spheno-pterygoideus muscle, though it was sought for in

several specimens.

The function of this muscle is difficult to understand ; both at its origin and insertion it is

attached to rigid structures. The ligament of origin forms the lateral margin of the anterior

aperture of the eustachian canal, but it does not seem that contraction of the muscle could affect

th:;' size of the aperture. The inner surface of the muscle in its upper one-third is covered by
the tympanic mucosa, but as the muscle is straight from origin to insertion its contraction cannot
change the size of the tympanic chamber.

The Development of tite Muscles of the Mandibulab Segment,

(Fig. 132.)

At stage 15 the ventral constrictor sheet is represented by a band of muscle fibres which
extend along the middle third of the length of the short flexed Meckel's cartilage. These arise on
each side from the periosteum of the cartilage and pass directly towards the mid-line, but do
nut reach their antirneres ; a gap nearly one-quarter of the distance between the two cartilages

is left between the muscles. The separation of this sheet into deep and superficial layers is apparent
in places only ; for the rest it appears as a single layer.

Fig. 1^2.—rhiisiO'>ic(hus embryo, stage 80.

At Stage 20 the sheet is a little longer antoro-posteriorly, the fibres reach nearer the mid-line,

and the separation into two layers has taken place completely. The deeper layer extends a

little anteriorly to the superficial but does not extend quite so far back.

At stage 50 the superficial sheet extends back almost to the posterior end of the cartilage

and it is to be noted that its origin throughout is from the cartilage. At this stage the origin

of the muscle is perforated by the thyro-mandibularis in four places. The pterygoideus internus

lies still entirely above the ramus of the jaw and to its inner side.
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At 73 the pterygoideus intemus has extended round below and laterally to the jaw and now
is inaei'ted on to the outer surface of the angular and surangular, and it has pushed the origin of

the iiitermandibularis up on to the outer surface of the surangular and articular above it.

At 100 those two parts of the Csv.l muscle are as in the adult.

The development of the adductor muscles of the lower jaw is particularly interesting,

{n as much as the later stages indicate very clearly the influence of the amphibian ancestry.

At 20 the primordium of these muscles consists of a "V "-shaped, exceedingly cellular,

faintly striated and somewhat gelatinous mass of tissue. The point of the " V " is at the base

of the ascending process of the palato-quadrate but lateral thereto. One arm extends dorsad

and caudad behind the gasserian ganglion and the R. mandibularis V, and this is the larger arm.

The other extends directly dorsad in front of the above nerve and ganglion but deep to the

R. maxillaris V. It was quite impossible by dissection to demonstrate that the upper end of

either arm was definitely attached. The posterior arm at its upper end lay upon the otic capsule ;

the anterior reached up to the taenia marginata in front of the capsule.

It is possible that a swelling seen on the anterior edge of the anterior arm was the primordium

of the depressor palpebrae inferioris. This suggestion arises from the fact that it is assumed

that the muscle in question is one of the mandibular muscles because it is innervated by the Vth

nerve. 1 have been unal)le to lind any stage in which the muscle was distinctly connected to the

other muscles of the segment.

The insertion of the base of the two arms was into the perichondrium of Meckel's cartilage

at the point where tlie eoronoid process subsequently develops.

At 35 the muscles had increased in >size and there was foimd a projection from the antero-

lateral and ventral end of the anterior portion. This extends back some little distance between

the posterior end of Meckel's cartilage and the posterior end of the palato-quadrate ; it does

not reach the cartilage of the lower jaw, but appears to end freely. Tlus is the primordium of

the pterygoideus intemus, and its development is very much as Edgeworth (1931) describes the

development of the muscle in Sphenodon.

The actual derivation of the several very definite components of the adult musculature,

which are found in later stages, is exceedingly difficult to follow. The complete separation of

the muscles by the rami of the fifth nerve, however, permits one to assort with a iiigh degree of

confidence that the three ptei'ygoid muscles and the depressor mandibulae mandibularis are

de\^eloped from the anterior arm and the rest of the muscles from the posterior.

At stage 80 (Fig. 132) there are no less than eight quite distinct muscles developed, most

of which are already indicated at 50.

The Retractor Anguli Oris is a small muscle, relatively, just as in the adult.

The Masseter is exposed by the removal of the last muscle. This is a flat sheet of muscle

which arises from the lower margm of the svipratemporal arch jnst in front of the tjTnpanum, and

passes ventrad with an inclination rostrad, to be inserted on to the outer siirfaco of surangular

above the upper margin of the pterygoideus intemus. This muscle is very readily demonstrable.

One detaches the insertion and the whole sheet peels off the subjacent temporalis without the

derangement of a single fibre on the contiguous faces of the two muscles.

The outer surface of the Temporalis Is exposed by the removal of the masseter. Removal

of the posterior boundary of the orbit exposes the anterior margin of the temporaUs muscle,

and the maxillary nerve may then be seen entering the orbit from boneath the margin. Using

the nerve as a guide, the fibres are turned back and the muscle gradually detached from its

origin. When the gasserian ganglion is exposed, the deep surface of the muscle is reached, and,

turning this outward, the detaclunent of the muscle is completed. It is now seen that the muscle

arises from the upper portion of the inner surface of the supratemporal arch, both surfaces of the

posterior process of the x^aT-ietal bone, the outer surface of the upper part of the otic capsule,

and the upper part of tlie anterior surface of the quadrate. It is further foimd that, where the

muscle is in contact with the pterygoideus externus iai front, the two separate quite cleanly, and

that at no other place is there any fusion between the deep surface of this and any subjacent

muscle. When the temporalis is thus reflected outward and forward its two, relatively large,

motor nei-ves are put on the stretch and brought very plainly into view. They leave th©

R. mandibiilaris V just distal to its emergence from the ganglion. The muscle is inserted on to

the inner surface of the smrangular, above Meckel's fossa,
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The Quadrato-mandibularia is a quite separated little group of short muscle fibres which

arise from the lower end of the quadrate across the anterior surface just above the articular

end, and run forward and ventrad to be inserted along the top of the mandible and down each

side a Uttle way a short distance in front of the joint.

The Pterygoideus Extemus arises fi'om the posterior surface of the post-orbital bar, from

the lower edge of the anterior end of the posterior process of the parietal, and from the greater

part of the length of the epipterygoid bone. The fibres are inserted into a tendon within the

depth of the muscle, and the lower end of the tendon is inserted into the tip of the eoronoid and
into the inner surface of the eoronoid bone, in front of Meckel's fossa.

The most anterior fibres of the temporalis are inserted mto this same tendon, in a mamier
precisely similar to that observed in the Urodele, Nectiirus.

The Pterygoideus Medius is a small muscle which arises from the outer surface of the posterior

process of the pterj'^goid bone and is inserted into the articular bone below Meckel's fossa. This

muscle is almost in contact with tlie quadrato-mandibularia posteriorly, but a small gap separates

their margins.

The Pterygoideus Internus arises from the os transversum and pterygoid bone as in the

adult, and is inserted mto the articular bone below the insertion of the pteiygoideus medius

and also, on the outer side of the mandible, into the articular, angular and posterior portion of

the surangular below the insertions of the Mm. massotericus, quadrato-mandibularis, depressor

mandibulae mandibularis and depressor mandibulae muscles. The whole of the fibres of the

muscle are horizontal in direotion, almost at right angles with the other muscles.

The Depressor Mandibulae Mandibularis is quite distinct from the surroimding muscles.

It arises from the upper margin of the posterior wall of the Q.-M. joint capsule and passes back
to be inserted into the dorsal edge of the post-articular process of the mandible in front of the

insertion of the depressor mandibulae. In its proximal half this muscle lies in the floor of the

t3rmpanic cavity, and this half may be clearly seen through the transparent tympanic membrane
after the removal of the skin covering that membrane. This muscle may well be the precursor

of the M. depressor mandibulae of the Monotremes.

The CounsE a^d Relations of the Rami of the Fifth Xerve.

The Gassorian ganglion lies upon the outer surface of the membrana spheno-obturatoria

immediately in front of the otic capsule. Apparently only two rami leave this ganglion, but it

actuaJly lies in a pocket of the dui'a which is extinidod thi'ough the incisura prootioa, and the

R. ophthalmicus profundus turns inward and runs forward on the inner surface of the membrana
spheno-obturatoria Cjuite a distance before perforating it to enter the orbit.

The R. maxillaris leaves the anterior sui'face of the ganglion, carrying a short diverticulum

of tlie dura with it. After a very short coiu-se laterad and rostrad against the posterior surface

of the pterygoideus externus, it perforates the diverticulum and bears a ganglion. From the

distal side of the ganglion two branches spring. One tuitis ventrad and rostiad, the other

rostrad, both passing externally to the M. pterygoideus externus.

The ner\'e to the M. depressor palpebrae inferioi is leaves the anterior sm-face of the gasserian

ganglion distal to the R. maxillaris and runs forward deep to the M. pterygoideiis externus.

Immediately the R. mandibularis emerges from the dural sheath, the two nerves to the

M. temporalis are given off from the doi'so -medial surface of the nerve, then the nerve to the

M. pterygoideus externus leaves the anteiior surface ; and at the same level, from the posterior

face, the nei-ve to the M. pterygoideus medius is given off. The main ramus now continues

ventrad against the deep surface of the M. temporalis, and a branch, apparently sensory, is

given off which perforates the Mm. temporalis and massetericus and reaches the subdermal

tissues of the lips at the angle of the mouth. Immediately after this the large nerve to the

M. pterygoideus internus is given off from the ventre -medial surface and thereafter the main
nerve enters Meckel's fossa. Its further course has been described as far as the departure of the

anterior mylo-hyoid and the lingual nerves. These, it will be remembered, did not pass beneath
Meckel's cartilage as did the mylo-hyoid nerve itself. After the two anterior nerves are given

off the main nerve continues on its way along the upper edge of Meckel's cartilage within the

mandible, diminishing as each of three more branches perforate the inner wall of the canal, and
the terminal branch escapes in similar maimer.
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THE MUSCLES OF THE HYOID SEGMENT.
(Figs. 130-131.)

Tho Superficial Constrictor (Csd.2 and Csv.2) is continuous from the mid-dorsal to the
mid-ventral line. The origin is from the dorsal intermuscular Beptum commencing just behind
the transverse level of the posterior margin of the M. pterygoideus internus and extending thenco
for a distance equal to about one-third of the antero-posterior length of the head. The insertion,

slightly wider than the origin, is into the mid-ventral raphe. The anterior fibres are parallel
to the posterior fibres of the pars extramandibiilaris of Csv.lb, but are separated from them by a
definite interval. Dorsally these fibres are similarly separated from the pars notognathica.

Innervation.—Tho anterior fibres are innervated by a small branch from the seventh nerve,
which reaches the deep surface of the muscle behind tho posterior margin of the pars notognathica.
The greater part of the mxiscle is innervated by two nerves which come from the first two spinal
nerves. The ventral rami of these two nerves join below the exit of the second, without, as far as
I can see, giving off any branches. The compoimd nerve passes laterally and ventrally between
the lower margin of the median and superior margin of the ventral trunk muscles ; it then tui-ns

laterad and appears beliind the posterior-superior margin of the sterno-cleido mastoid muscle
and immediately breaks up into several branches. One of the largest of these reaches the deep
surface of the Cs.2 and again divides into three or four branches. Two of the larger of these
penetrate the muscle and are probably sensory nerves. The remainder terminate in the muscle
itself. Experimental work reveals that the spinal nerves do not supply motor fibres to the
muscle.

The Depressor Mandibulae presents partes cephalognathiea and notognathica very similar
to those parts of tho muscle in the Anui-a.

Tlie Pars Cephalognathiea arises from a small area of the squamosal and from the perimysium
of the M. temporo-massetericus above and behind the tympanum. From this origin the fasciculi

pass ventrad and caudad to bo ineerted into the post-articular process of the mandible in front
of tile insertion of the pars notognathica and above the insertion of the M. pterygoideus internus,
and ix>huul that of the depressor mandibulae rnandibularis muscle. The area of origin is relatively
small and all the fasciculi pass uninterrupted 1 3^ from origin to insertion, except for a few posterior
fibres which are fused with those of the pars notognathica just above the mandible.

The Para Notognathica is similar to the pars cephalognathiea but is larger ; it arises from
a short length of the edge of the posterior process of the parietal bone close to the body of the
bone, from a small pit lateral to that for the iigamentum nuchao (dorsal intermuscular septum)
on the back of the body of the parietal, and from a short length of the dorsal intermuscular
septum just behind this. The direction of the muscle is ventrad, caudad and slightly laterad,

to its insertion on to the extreme dorso-posterior tip of tho post-articnlar process of the mandible.
Supeiiorly tlie posterior corner of the M. temporo-massetericus lies between the two parts

of. this muscle ; hiferiorly thoy are side by side.

Innervation.—^This is by separate branches of the Vllth nerve which reach the muscle on
its deep surface.

THE MUSCLES OF TilE BRANCHIAL SEGMENTS.
(Figs. 133, 134.)

Tn^: Hyfobranchiai, Spinat. MtJScuss.

Tho Ilyoid skeleton consists of (I) a median and anterior pars eutoglossus of fibrocartilage,

(2) a urohyal, also of fi broctirtilage and double liuoughout its length, (3) paired slender
hypohj^als which are finnly attached, not jointed, to the median elements where urohyal and pars
entoglossus join, and whose direction is laterad and rostrad from their origin, so that their distal
ends come to he close to tho inner surface of the mandible a little in front of the middle of its

length, (4) paired stylohyals attached by fibrous tissues to the distal end of the hypohyal and
extending thence caudad nearly parallel to the ranms of the jaw, (5) paired thyrohyals which
are articulated to the median elements immediately behind the attachment of tho hj^^ohyal
and pass caudad and laterad, with a sinuous curve concave oxitward first and then concave
inward, to terminate a little in front of the transverse level of the posterior end of the mandible
and a short distance medially thereto.

In the adult lizard, when the supei*ficial constrictors have been removed from the neck,
and ventral to the hyoid skeleton, there appears to be a single, relatively thick, sheet of muscle
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arising from the clavicle, episternum and antero-ventral margin of the epicoracoid and passing

thence to be inserted along the posterior edge of the thyroid cartilage. When, however, in the

emergent embryo (stage 100) the muscle is freed from its origin, commencing at the lateral margin,

a lateral and superficial portion of the sheet may be peeled from the rest without breaking any

intermingled fibres. It is now found that in such juvenile specimens there are three separate

sterno-thyroid muscles and, moreover, it is found that these three muscles may be demonstrated

in the adult.*

The Sterno -thyroideus Lateralis muscle arises from the ventro-medial edge of the epicoracoid

and from the episternum and clavicle for the gz'eater part of the length of the latter. This origin

is in part by the intermediation of the connective tissues superficial to the pectoral girdle and in

part directly from the clavicle itself. The origin of the stemo-mastoid muscle is superficial

to the medial portion of the origin.

G.gl

Figs. 133-134.

—

Physignathus. Fig. 133, Tbe deeper ventral muscles.

Fig. 134. Median section of tlie tongue and floor of the mouth.

The insertion is into the posterior edge of the thyroid cartilage along almost its full length.

The Sterno -thyroideus Medialis is a narrow strip of muscle which arises from the clavicle

and episternum to one side of the mid-line and passes forward to be inserted into the base of the

urohyal and a very short length of the thyrohyoid cartilage alongside of it.

These muscles are placed so closely side by side that, in the adult no line of separation

is obvious. The origin of the sterno-mastoid muscle is placed superficially to the contiguous

margins.

* Although partly fused there can be no douht that these three muscles are the same as tliose more completely
defined muscles found in this situation in Varaniis and otlier reptiles.
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The medial muscle and portion of the lateral muscle are visible between the two sterno-

maatoid muscles and behind the posterior margin of the Cav.2, whilst the posterior end of the

lateral muscle is visible lateral to the sterno -mastoid and behind the Cav.2 when the skin is

removed.

The Sterno-thyroideus profundus muscle ia a thin sheet of fibres which arise from the anterior

margin of the clavicle along its median two-thirds under cover of the origin of the above superficial

muscles. From this origin the fibres pass rostrad. the lateral fibres with a laterad inclination, to

be inserted along the posterior edge of the thyroid cartilage under cover of the origin of the

same muscles. In the adult it is difficult to separate the superficial and deep muscles, but in

the emergent embryo and slightly earlier developmental stages there is a definite difference in

the direction of the more lateral fibres. Those of the superficial muscle have a slight inclination

mediad from behind, whilst those of the deep muscle are inclmed laterad. The deep muscle

lies against the ventral surface of the trachea along its median edge and below the mucosa, of

the pharynx laterally.

The Thyro-mandibularis muscle arises from the lateral three-quarters of the length of the

anterior edge of the thyroid cartilage and is inserted into the inferior edge of the mandible in

front of the M. pterygoideus internus and into the outer surface of the mandible between this

muscle and the portion of the M. temporo-raassetoricus, under cover of the insei'tion of the

Csv.lb. Anteriorly, as aUeady mentioned, t}iis muscle perforates the Csv.lb in three of four

slips to gain its insertion.

The Genio-hyoideus is placed on the same plane and lies medially to the thyro-mandibularis

muscle. The origin ia from the medial one-quarter of the anterior edge of the thyroid cartilage.

Quite separate from its fellow of the opposite side at its origin, the muscle inclines towards the

mid-line and about half-way forward of its length becomes fused with its fellow, the two bemg
inserted together by a short narrow tendon into the back of the symphysis menti.

The Hyo-glossus muscle is a flat muscle which arises, imder cover of the last two muscle.s,

from the greater part of the length of the same, anterior, edge of the thjToid cartilage. It runs

forward superficially to the thyro-hyoideus, as far as the atylo-hyal and then turns dorsad to

end in the tissues of the tongue, reaching far forward.

The Thyro-hyoideus muscle arises from the same edge of the same cartilage under cover

of the hyoglossus and passes rostrad to be inserted into the posterior edge of the stylohyal. This

is a thin flat muscle.

The Hyo-mandibularis muscle arises from the iimer edge of the mandible in company with

the msertion of two of the i^erforating slips of the thyro-mandibularis, and passes caudad to be

inserted into the anterior edge of the stylohyal laterally to the insertion, on the posterior edge,

of the thyro-hyoideus muscle. The slips of origin of this muscle perforate the Csv.lb in the

same maimer as the slips of origin of the thyro-mandibularis muscle.

The Genio-glossus arises from the anterior end of the inner surface of the mandible, and its

fasciculi pass caudad and dorsad at vaiying angles to be msei'ted into the tissues of the tongue.

The greater part of these are inserted laterally to the hyoglossus muscle but a large minority are

inserted medially to that muscle, which thus, as it were, splits this muscle into partes medialis

and lateralis,

Amphibolurtts.

This is an agamid lizard, allied to Physignathus. As was anticipated, its musculature is

essentially similar to that just described. The only point of difference worthy of note is that

the M. storno-thyroideus profundus is very completely differentiated from the superficial muscle

laterally. Its median fibres run directly antero -posteriorly and are fused with the deep surface

of the medial superficial muscle. The rest of the fibres incline more and more laterad till the

most lateral pass almost directly laterad. This lateral direction is made possible by the greater

posterior extension of the thyroid cartilage. The lateral limit of the origin of the sterno-

thyroideus lateralis lies deep to the insertion of the anterior fibres of the M. trapezius.

Anolis.

AnoUs is one of the Igiianidae. I have for study seven apecimens of the genus ; three each

of -4. carolinensis and A. cristatellus, and one of an unnamed species. They are all so closely

similar that no differences worthy of note were observed.
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THE MUSCLES OF THE MANDIBULAR SEGMENT.

The Csv.l presents superficial and deep portions as m the agarnid hzards and, as in those,

the superficial is divisible into intermandibular and extramandibular portions.

The muscles of mastication are intermediate in their state of differentiation between that

of the adult and young Physignathiis, and in addition one other muscle is present.

The Retractor Anguli Oris muscle is as in the Agamidae.

The Mm. temporalis, massetericus and quadrato-mandibularis ai'e very completely fused.

The Depressor mandibulae mandibularis is not recognizable.

The three pterygoid muscles are well differentiated. The M. pterygoideus externus and

intemus are essentially as in the young Physignaihus, the pterygoideus medius rises liigher on

tho a,nterior portion of the otic capsule than in that form.

The Pterygo-quadratus muscle is a small triangular sheet of fibres which arises by its broader

end from the posterior edge of the processus pterygoideus and from the skull immediately below

the incisura prootica and extends horizontally caudad and sliglitly laterad to be inserted into the

infero-medial corner of the quadrate. This muscle lies along the outer side of the eustachian

passage and may well be the foi-erunner of the tensor tympani muscle of the mammals.

Inmrvation.—This is by a twig from the Vth nerve given off before that breaks up mto its

component rami.

The Spheno-pterygoideus muscle is a fine round strand of fascicuH which arise from the

skull above the incisura prootica and pass directly ventrad to be inserted into the pterygoid bone

immediately posterior to the articular facet for the epipterygoid bone.

Innervation.—This is by a twig from the ramus mandibularis V which leaves the nerve

very close to its departure from the ganglion."'

MUSCLES OF TPtE HYOID SEGMENT.

The Csv.2 is essentially as in the Agamidae, but the peculiar posterior prolongation of the

urohyal passes superficially to the muscle, issuing from beneath the posterior margin of tho

pars extramandibularis of the Csv.lb.

The Depressor Mandibulae is not divided into partes noto- and cepha-lo-gnathica ; the

origin of the muscle from the mid-dorsal intennuscular septum extends back almost to the

anterior edge of the epicoracoid. The most posterior fibres run forward superficially to the

pterygoideus and to the Csv.lb and terminate in a membrane which gives them insertion into the

outer sxu'face of the mandible in front of the M. pterygoideus internus.

Tho Hypobranchial Spinal muscles are essentially similar to those of the Agamidae.

Basiliscus.

This is another of the Iguanidae. It is a much larger lizard than the species of Anolis, but

unfortunately I have only the head and part of the neck of a single specimen. This is perfectly

preserved, and pei*mits me to describe with confidence as much of tho muscles as are present,

but the absence of the anterior end of tho pectoral girdlo renders the account somewhat incomplete.

So far as the material permits, one is enabled to say tliat there is a very close resemblance to

the smaller iguanids just described. The m'ohyal, however, is not prolonged posteriorly and

does not become superfiicial to the Csv.2.

THE MUSCLES OF THE MANDIBULAB SEGMENT.

The Csv.la (M. submentalis) is continued right forward to the symphysis menti ; anteriorly

its fibres are directly transverse, but not araphic ; further back they mcline caudad and mediad

beneath the anterior portion of the Csv.lb, M. intermandibularis.

The muscles of mastication are essentially similar to those of Anolis, the anterior fibres of

the pterygoideus medius being fused with the deep fibres of the pterygoideus externus. This

last muscle is remarkably developed. The parietal bone is produced backwards into a large

laterally compressed supra- and post-occipital crest. Prom the side of this crest the pterygoideus

externus muscle gains an additional area of origin, so that it projects back beyond tJie skull proper

and high above the general contour of the head.

* There is little doubt that these twa muscles represent the spheno-pterygo-quadratus mentioned by Edgeworth

(1931, p. 804). It is, however, quite erroneous to describe them as a single muscle in tlie Iguanidae ; their fibres are

almost at right angles to one another.
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THE MUSCLES OF THE HYOID SEGMENT.

As in AnoUs, the Csv.2 is somewhat more extensive than in Physignathus.

The Depressor Mandibulae is smaller than that of Ariolis ; its origin does not extend nearly

so far caudad along the mid-dorsal line.

Actually the whole of the dorsal origin of the muscle, that from the rnid-dorsal septum, lies

imder cover of the posterior extension of the pterygoideus externus muscle. The mid-dorsal

septum actually extends forward to the usual terminal point at the back of the parietal bone

ventrally to, and attached to, the ventral edge of the supra-occipital crest. It is not possible

to recognize any division of the muscle into partes noto- and cephalo-gnathica, nor are any

of the fibres inserted elsewhere than into the postarticular process of the mandible.

The Hypobranchial Spinal muscles are essentially as in Pkysigiiathus.

Chameleon.

(Fig. 135.)

Of this genus I have a single perfectly preserved specimen of C. etienni, from the Belgian

Congo.

THE MUSCLES OF THE MANDIBULAR SEGMENT.

The Csv.la {M. submentalis) is small, as in Physignathus.

The Csv.lb is represented by the pars intermandibularis only. The muscle arises from

fairly high up on the inner surface of the mandible. Its posterior margin is just in front of the

anterior end of the pterygoideus internus muscle as that curls arotmd the lower edge of the

mandible. The muscle is not perforated by any slips of the hypobranchial spinal muscles.

ii'ig. 13r>.

—

ChameJemi.

The muscles of mastication are essentially as in the Agamidae. The occipital crest in

Chameleon is more complex than that of BasiUficus. The median element is formed mainly

from the parietal, but in part also from the supraoccipital, and there is, on each side, a supporting

flying buttress formed by a posterior prolongation from the squamosal bone. The muscle that

fills all the space between the components of the crest on each side is, not the pterygoideus

externus (which is actually reduced in size), but the temporo-massetericus.

Pterygo-quadratiis and Spheno -pterygoideus muscles are not definable.

THE MUSCLES OF THE HYOID SEGMENT.

The post-cephalic constrictor sheet (Cs.2) appears to be divided into two portions. Behind

the depressor mandibulae there is a relatively broad, and exceedingly thin, diaphanous sheet of

fibres which arise from the dorsal septtmi and pass right to the mid-ventral line. This sheet

appears to be innervated only by fiine twigs from a branch of the Vllth nerve which reaches the

muscle from beneath the posterior margm of the reduced depressor mandibulae. Behind this

diaphanous sheet is a second. This arises as a narrow band of fibres from the subdermal surface

of the coracoid just behind the insertion of the M. trapezius. After a very short course ventrad,

this band of fasciculi widens out, the fasciculi becoming separated, and this divergiiLg of the

fibres is continued to the mid-ventral line where they form a relatively broad sheet in front of

the pectoral girdle.
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The innervation of this posterior sheet appears to be entirely hy fine twigs from the first

two spinal nerves.

This is possibly a constrictor colli spinalis, portion of the panniculus camosis, similar to

that of the Chelodina.

The Depressor mandibiilae is quite a small muscle. It arises from the back of the quadrate

and from the powtero-infei-ior edge of the " flying buttress " formed by tlio squamosal. There

is no trace of any division of the muscle into two parts.

Irmervation is by the Vllth nerve.

Musculus interhyoideus arises from the peritnysium on tlie lower part of the posterior surface

of the depressor mandibulae. At its origin the fibres of the muscle are gathered into a flat ntrand

which passes ventrad behind the depressor mandibulae, then ventrad and rostrad behind and

partly tmdor cover of the pterygoideus internus, and finally ventrad and mediad. As soon as

the fibres pass from beneath the last muscle they begin to spread out till, at the mid-vontral

raphe, into which they are inserted, they form a tolerably wide superficial sheet. The posterior

margin of this sheet lies in the transverse plane of the origin of the muscle, that is, at the posterior

margin of the depressor mandibulae, the anterior fibres incline forward to be inserted into the

median raphe deep to the posterior fibres of the Csv.lb pars interraandibuIariH.

Innervation.—This is by a fine branch from the Vlltb nerve which curls aroamd the posterior

edge of the depressor mandibulae muscle to reach it.

One cannot but draw attention to the remarkable similarity of this muscle to the median
portion of the pars interhyoidea of the elasmobranchian Csv.2, and its general similarity to the

anterior portion of the Csv.2 of the amphibians. The origin, of course, is different from both of

these. The origin of the muscle is strongly suggestive of that of the missing Csv.lb pars oxtra-

mandibulavis, but the situation of tlie anterior tlbrps mid-vcntrally, deep to the para

interraandibularis. is not that of the anterior fibres of the pars extramandibularls in other

lacertilians. The resemblance of this muscle to the M. interhyoideus m other reptiles confirms

its identification.

The Hypobkanchtal Spinal Mitsclks.

The Hyoid Skeleton is peculiar, and like the muscles to bo described next, it is apparently

modified in association with the remarkable proti'usible tongue.

The pars etitoglossus, as in other lizards, is a fibro-cartilaginous structure. It is here peculiar

in that it is not tapered but is of the same thickness from end to end. The posterior end of the

entoglossal part joins the short hyaline cartilaginous body of tVie hyoid. To this latter a short

cerate- and slightly longer thyro-hya! are articulated. The former extends laterad and dorsad

towards the ramus of the jaw a short distance in front of the joint. No trace of a separate, or

any, stylohyal was found. The thyrohyal is also a relatively short rod of cartilage ; its direction

from the body of the hyoid is laterad and dorsad, with a very slight inclination caudad to terminate

immediately behind the posterior end of the mandible, almost in contact with the insertion

of the depressor mandibulae and pterygoideus intermis. Both pairs of hyoid processes fomn

incomplete half-hoops which conform to the contour of the deep throat at the root of the

remarkable sheath of the tongue. These two half-lioops are very close together at the mid-line,

where the processes are articulatcfl to the hyoid body, but diverge slightly as they depart from

their origin.

The Sterno-thyroideus lateralis arises from the mid-lino of the sternum between the fi.rst and
second sternal ribs. The muscle is a narrow ribbon of no great thickness, and it passes rostrad

and laterad to be inserted into the extreme tip of the thyroid cartilage.

The Sterno-thyroideus raediali.s arises from the stornuin just behind the origin of the

M. sternothyroideus lateralis. This also is a relatively narrow ribbon, hut somewhat thicker

than the last muscle. It passes directly rostrad, alongside of its fellow, to be Inserted int,o the

root of the thyroid cartilage and back of the body of the hyoid. Its outer niargin is strengthened

by a tendinous strand which, contiimed rostrad past the hyoid, gives origin to some of the lateral

fibres of the M. genio-hyoideus.

The Sterno-thyroideus profundus arises from the mid-lino of the sternum for a short distance

in front of the sterno-tbyroideus lateralis. It is very similar to the last muscle and nms iorward

under cover of it to be inserted into the end of the thyroid cartilage.
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The Omo-hyoideus muscio has not been found in any other lizard exammed. It arises from
the epicoi'acoid under cover of the insertion of the M. sterno-mastoideus. This is a very narrow
and thin strand of fibres which passes nearly transversely, but with an inclination rostrad,

superficially to the three sterno-thyroid nnuscles, to be inserted into the back of the body of the
hyoid.

The Hyoglossus muscle arises from the greater part of the length of the ventral surface and
anterior edge of the thyroid cartilage and passes forward to bo inserted into the mandible far

forward, on each side of the symphysis and under cover of the Csv.l. The fibres which arise

farthest out, at and near the end of the cartilage, have a direction mcdiad and only slightly

rostrad, until they join, and become bound up with, the more medial fibres, when they turn
forward.

The Genio-hyoideus raascle arises from the symphysis menti and passes rostrad alongside

of its fellow, and medially to the last muscle, to be inserted into the inner end of the thyroid
cartilage.

The Thyro-mandibularis muscle is a narrow ribbon of fibres which arises from the extreme
end of the thyroid cartilage and passes forward tmder cover of the " swelling " of the pterygoideus

internus muscle. In front of this last muscle the thyro-mandibularis becomes superficial to the
posterior margin of the Csv.lb, and its membranous tendon is continued forward some distance

before finally being inserted along the lower edge of the mandible.

The Thyro-hyoideus muscle arises from the anterior edge of the thyroid cartilage and is

inserted into the posterior edge of the ccratohyal. The direction of the fibres is from their origin

mediad with an inclination rostrad. This muscle is blended with the deep surface of the
hyo-glossus.

No Hyomandibularis muscle was fomad.

The Genio-glossiLs muscle arises from the symphysis menti and rxms back along the side of

the sheath of the tongue for the greater part of the length thereof. A little in front of the hyoid
body the muscle turns dorsad and is inserted into a median raphe on the dorsal surface of the

sheath between the body of the hyoid and the posterior end of the larynx.

In comparing the above description with that of Lubosch, it will be noted that I find a
thyro-mandibularis in the situation of the branchio-mandibularls visceralis of this author. I

have not been able to find the branch of the IX nerve to this muscle. Lubosch has failed, in

his specimen, to find the interhyoideus muscle but has found a deep, dorsal, part of the Csv. I

in, nearly, the situation of the interhyoideus (Lubosch, Fig. 9, Cg rav.dors.).

Geckos.

(Fig. 136.)

Two genera of Geckos have been dissected, several specimens of Gymnodactylus phyllurua
and one of an unnamed species of Thecadactylus. They are almost identically similar in their

musculature.

Particular interest attaches to the A^entra! musculature.

Gsv, lb. int, M« e.

Tig. 136.—Gecko.

The two portions of the Csv.lb are quite separate. The pars intermandibularis arises from

a little less than the middle one-third of the mandible, and its fibres radiate, the anterior mediad
and the posterior caudad. The separated pars extramandibularis rises from the perimysium of
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the pterygoideus internus and its fibres trend mediad and rostrad, forming an angle with th©

posterior fibres of the pars intermandibularis.

The Interhyoideus muscle arises, deep to the pars cephalognathiea of the depressor

mandibulae, from the internal, vertical edge of the quadrate near the dorsal end of the bone.

The fibres trend mediad, radiating so as to produce a relatively wide band of muscle at the

mid-line. As the muscle passes from beneath the poet-articular portion of the mandible, they

pass deep to the anterior end of the para notognathica of the depressor mandibulae.

Innervation.—This is, as in Chameleon^ by a branch of the Vllth nerve which reaches it

from beneath the depressor mandibulae muscle. This imiervation would seem very definitely to

indicate that the muscle must be regarded as a deeply situated portion of the hyoid constrictor.

The Pars cephalognathica of the depressor mandibulae is as in the generality of lacertilians.

The Pars notognathica is peculiar. It arises from the dorsal intermuscular septum under

cover of the hyoid constrictor sheet. The insertion is not into the post-articular portion of the

jaw ; the fibres pass forward ventrally and medially to the angle of the jaw and become lost in

th© connective tissue deep to the pars extraraandibularis of the Cav.lb.

The post-cephalic hyoid constrictor fibres are essentially similar to the whole of the Cs.2

in Physignathus.

The muscles of mastication may be briefly dealt with. There is no retractor angnli oris

•^cognizable, the M. pterygoideus is small, no depressor mandibulae mandibularis is recognizable.

The M. pterygo-quadratus and the M. spheno -pterygoideus are present.

The hypobranchial spinal muscles are essentially as in typical lacertilians, except that a

complete transverse tendinous inscription interrupts the continuity of the lateral and medial

sterno-thyroid muscles, and these two are not definable, one from the other.

Tiliqua,

(Figs. 137-141, from Lightoller.)

Tiliqua is one of the genera of the Scincidae. I have been able to dissect, also, two other

members of the family, both belonging to the genus Lygosmna. They are all essentially alike.

Lightoller has described most of the cephalic muscles of Tiliqua scincoides, and for the most part

they are similar to those forms already described.

Tigs. ].37-141.—TOffWo (from Lightoller).

The M. submentalis (Scv.la) is represented by small triangular sheet of fibres which arise

by a fine tendon from the median surface of the mandible close to the symphysis menti. The
fasciculi trend caudad and mecUad and are iiiserted into a median raphe. The posterior end of

the muscle lies deep to the anterior end of the pars superficialis of the same muscle.
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The Pars notognathiea of the depressor mandibiolae resembles that muscle in Iguanidae in

that it is not inserted into the mandible, but is continued forward to be inseited into the superficial

fascia on the ventrum of the mouth, and by this mediimi becomes attached to the lower margin

of the mandible anterior to the extramandibular portion of the Csv.lb. The origin of this portion

of the depressor lies deep to the Csd.2, but anteriorly the muscle Hes superficially to the pars

extramandibulai'is of the Csv.lb.

The muscles of mastication are more completely fused than in any other lacertilian studied.

There is recognizablo only the division into temporo-masseteric and pterygoid portions as described

by Lightoller.

The hypobranehial spinal muscles are similar to those of Physignatkus.

Varanus.

(Figs. 142-143, from Lightoller, 144-147, from Bradley.)

The superficial constrictor muscles of Varanus variits have been described by Lightoller

and the muscles of mastication of V. bivittatus by Bradley.

LightoUer's description of the superficial muscles is complete and accurate and I have repro-

duced his drawings.* It should be noted, however, that he includes the M. submentalis and

the M. intermandibularis of the ventral mandibular constrictor as portion of the Csv.la, whilst

I regard the latter as being portion of the Csv.lb. This difference of interpretation arises from

the fact that in none of the reptiles dissected by Lightoller was the M. submentalis developed

as a distinctly separated muscle such as is present in Physignatkus, and many other reptiles.

Figs. 142-U3.

—

Varanus (from Lightoller).

I find that the anterior portion of the Cs.2, both dorsally and ventrally. is innervated by the

Vllth nerve as Lightoller describes, but I find that the greater part of the muscle is innervated,

like that of Physignatkus, by the conjoined first and second spinal nerves. Here again experi-

mental work reveals the absence of motor fibres to the muscle in the spinal nerves.

Bradley's description of the muscles of mastication of V. bivittatus might almost serve as

a description of those of V. varius. The retractor anguli oris, indicated by Bradley, is quite

readily dissected off the subjacent M. tempero-massetericus (capiti-mandibularis of Bradley).

The Mm. pterygo-quadrate and spheno-pterygoideus (Mm. pterygo-sphenoidalis posterior and

pterygo-parietalis of Bradley) are essentially similar to those muscles in Anolis.

* This has been made possible by Ills kindness in giving me advance proofs for the purpose, and I have to thank

bim for the same assistance with the illustrations of Sphenodon.
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2. Rhynchocephalia.

(Figs. from LightoUer.)

Sphenodon is, of com'se, the only recent representative of this group. Osawa (1898),

Lubosch {1933), and Lightoller (1935) have described the cephaHc musclee, I reproduce

illustrations from Lightoller.

The superficial ventral constrictor mxiBcles are, in my specimonH, very similar to those in

his. In my specimens, however, the partly separated posterior slip of the Csv.lb which arises

under cover of the depressor mandibulae (Csv.lb^ of Lightoller, Vb of Lubosch), is quite distinctly

continuous with the more deeply placed " M. interhyoideus " of Lightoller's description. This

latter muscle is undoubtedly the homologue of that which I have described in Ghameleon and
other lacertilians as the M. interhyoideus. I find that in the specimen of Sphenodon which I

T-;.I.

Figs. 144-147.

—

Varanus (from Bradley).

have dissected it is not difficult to free the origin of the muscle from the stylohyoid bone, and
that when this is done it is found that a fascial sheet carries the origin of the muscle up to the

posterior edge of the quadrate. One might therefore describe the muscle as having this last

origin, and as being bound to the stylohyal as it passes over it.

This is the first reptile I have dissected in which no trace of the M. submentalis (Csv.la)

could be found.

Whilst the form of the superficial ventral constrictors in my specimen is very much as

described by Lightoller, differing only in that the posterior, shorter portion is rathei' moie
extensive, I find that the innervation is as described by Lubosch. I therefore agree with the

latter that the Csv.lb of Lightoller's description is the anterior portion of the C8V.2 ; herein

Sphenodon resembles Crocodiles.

Immediately after the Vllth nerve leaves the tympanic cavity, as described by Lightoller,

it divides into fouf branches. Throe of thewe pass directly into the overlying Depressor

mandibulae, the fourth and largest branch rims ventrad against the deep surface of that muscle,

passes through the origin of the M. interhyoideus from the stylohyal cartilage, and reaches the

deep surface of the last-mentioned muscle. It then breaks up into very fine branches. The most
anterior of these to be detected, passes directly mediad along the M. interhyoideus. No Ijranch

of this was observed to reach the anterior margin of the muscle. The rest of the branches of the

nerve pass caudad on the deep surface of the C8V.2.
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I would agree with Lightoller that the Csv.l is innervated only by the Vth nerve, but must
agree with Osawa and Luboach that the interhyoideus and the Cav.2 are innervated by the
Vllth.

I find, moreover, tliat the posterior, shorter, fascicuh of the Csv.2 are very definitely

innervated by a twig from the ventral ramus of the second spinal nerve. The main nerve issues

from between the dorsal and ventral trunk muscles a little anteriorly to the anterior margin of
this posterior portion of the Csv.2. The twig to the muscle turns caudad and ventrad around the

upper margin of the cleido -mastoid muscle, and terminates by breaking up on its deep surface.

Whether the second cervical nerve anastomoses with the first was not determined by actual
observation, but in as much as that the nerve to the M. cleido -mastoid was observed to leave

the emergent main trunk, it is confidently believed to do so. Material has not been available

for experimental work, but the results in the lacertilian examples suggest very emphatically that

the spinal innervation of the muscles is sensory only.

Cav.ib.

Figs. 148-149.

—

Sphenodon (from Lightoller).

The Depressor mandibulae muscle is precisely as described by Lightoller. The absence of

the pars notognathica is peculiar, but not imique ; its absence has been noted in Chnineleon^ and
in Ayiolis the muscle, though extensive, is not divided into two portions.

The Retractor anguli oris muscle appears to have been overlooked by previous workers.

It is possible that the ease with which I was able to detach the bones of the facial arcades after

they had been decalcified, together with my practice of staining my dissection subjects, permitted
me to find a small muscle which others had missed. The muscle arises from the deep surface

of the jugal bone along its length, and also from the deep surface of the post-orbital bone at the
level of the upper margin of the posterior ramus of that bone.

The insertion is into the tissues of the upper Hp.

This muscle is a triangular sheet of fibres, quite thin posteriorly, where the fibres have a
directioti ventrad and rostrad. Anteriorly the muscle becomes thicker, and that portion arising

high up behind the orbit passes down between the eye and the temporalis muscle as a definite

roimded strand of fibres wliich increase m bulk and spread out in the longitudinal plane, before

reaching the corner of the mouth, as they descend ventrad to their insertion.
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The innei'vation is by a fine twig, presumably of the fifth nerve, which perforates the teinporo-

masaetei'icus muscle about the middle of its antero-posterior length and a short distance above

the upper margin of the jugal bone.

The muscles of mastication are as described by Lightoller and Osawa, and in this respect

Sphenodon is very similar to Phtjsignathiis. There is a further resemblance to that lizard in

the form and situation of the M. pterygo-quadratus (Spheno-pterygo-quadratua of Edgeworth,

1931). The muscle is well developed and it dift'ors from that of Physignathus only in that the

fibres trend more ventrad to thou* insertion.

The Pterygo-raandibularis of Edgeworth is the pterygoideus internus of this work. That

of Sphenodon differs from that of Physignathus only in that its origin is continued rostrad along

the dorsal surface of the pterygoid bone anteriorly to the os transversum.

The remaining cephalic muscles of Sphenodon are so essentially lacertilian in character that

they do not call for detailed description.

3. Crocodilia.

(Figs. 150-151.)

Material.—The following account of the cephalic musculature is based upon the dissection

of two specimens of Alligator. These are but recently hatched young ; the larger measures

4 cm. from tip of snout to occiput, the other is a few millimetres shorter, both are, imfortunately,

cut off in front of the shoTilder girdle.

MUSCLES OF THE MANDIBULAR SEGMENT.

Csv.l.—-The small size of my material made it quite impossible to determine with confidence

the innervation of most of the muscles, and this difficulty arose in connection with the ventral

constrictor sheets. There is a very clear definition of these sheets into four parts. It is believed

that the first two only are mandibular.

Csv.la—The Submentalis.—A relatively extensive sheet of araphic fibres is thus identified.

It is composed of transverse fibi-es which are quite continuous from side to side. They arise

from the inner surface of the mandible along a line which is closer to the dorsal than the ventral

edge. This line commences a short distance beliind the mentum and ends a little way behind

the middle of the length of the lower jaw.

Figs. 150-151.—Alligator.

Csv.lb—The Intermandibularis.—'The origin is from a similar line along the mandible

immediately behind the Csv.la, but only about half as long. These fibres have a direction

slightly caudad ;
they are inserted into a median raphe, many of them cross the mid-line and

form a narrow strip of latticed fibres.

No Retractor anguli oris was found.

The Tempore -massetericus muscle is not so massive as was the general rule in the Lacertilia,
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Origin is from the outer part of tho ventral surface of the quadrate, and from the ventral

surface of the quadrate -jugal and jugal as far forward as the suture with the os transversum.

Insertion is on to the inner surface of the surangular along the posterior half of its length.

The Pterygoideus externus muscle presents the usual clean face of contact with tho more
superficial tomporo-massetericus muscle, with the ramus maxillaris trigemini lying upon it

between the two muscles.

Origin is from the inferior surface of the extreme upper end of the quadrate, from the whole

of the bones surrounding the supra-temporal fossa and from the adjacent ventro-posterior surface

of the alisphenoid.

Insertion : The fibres arising from the supratemporal fossa cvu-ve x'oatrad and ventrad, the

rest of them pass directly ventrad, all with a slope laterad, to be inserted on to the inner surface

of the surangular in front of the insertion of the temporo-massetericus.
Pterygoideus medius has an extensive origin from the greater part of the inferior surface

of the quadrate, fro:n the inferior surface of the alisphenoid, and from the ascending lamina

of the pterygoid bone.

Insertion : The fibres pass ventrad and laterad to be inserted into the surface of the angular

which bounds the fenestra in the mandible.

Pterygoideus internus.—Origin is from the edges and contiguous area of the upper sin-faces

of the bones surrounding the palatal vacuity, and from the anterior bony margin of the intorbital

vacuity.

Insertion : The fibres pass eaudad and ventrad to be inserted on to the inner surface of the

angular in front of the insertion of the pterygoideiis medius.

Pterygoideus inferior (Pty.i.).—This is a massive group of fibres which bulges subdennally

medial to posterior end of the jaw.

Origin : Thus is from the upper surface of a strong fascial membrane which is attached to

the post-erior edge of the palatal lamina of the pterygoid bone.

Insertion ; The fibres pass caudad and slightly ventrad, and then dorsad to be inserted into

the inferior surface of the angular behind the joint. The most dorsally placed of these fibres

lie immediately below the lowest fibres of the pterygoideus medius muscle, namely, those arising

from the lower part of the ascending lamina of the pterygoid bone ; the two sets of fibres are at

right angles to one another, and they separate leavitig clean faces to the muscle. These superior

fibres of the pterygoideus inferior pass almost directly rostrad to their insertion on to the angular.

Pterygoideus anterior.—This is a small bundle of fibres which appear to be quite separate

from the ivst of the complex pterygoid muscle. They arise by a very strong fibrous membrane
from tho lower edge of a meniscus of cartilage which is attached to the lateral edge of the palatine

lamina of the pterygoid hone.

Insertion : The little brush of fibres passes directly ventrad to be inserted on to the imier

smface of the <ientary bone in front of the fenestra in the lower jaw, and, where the laminate

suture permits, the surangular to extend forward on the outer surface of the liiader end of the

dentary.

InmirvatioH of the muscles of the mandibular segment.—Branches of the ramus mandibularis

have been obseived innervating all pai'ts of the muscles of mastication except the last. The
usual innervation of the anterior portion of the ventral constrictor, by twigs from the main nerve

as it courses along Meckel's canal, was observed also. It was not possible to trace any of these

last on to the inteniianchbulari-s muscle, nor was any other possible course of innervation observed.

Discussion.

The identification of the submentalis rests upon the complete absence of the median raphe.

Throughout the Amphibia and in certain of the caxtilaghious and bony fishes there was observed

an anterior ventral mandibular constrictor which differed from the rest of that sheet m the

absence of a jnedian raphe. Though, in those forms, the muscle in question lies always, as far

as at present known, close behind the raentum and differs from the muscle in the Alligator in

that it is a relatively thick muscle, still it is believed that the very distinctive feature which

characterizes this muscle so constantly in those other vertebrates justifies the present

identification.

The Muscles of mastication resemble closely those of the Lanertifia. Tlie separation of the

lower portion of the pterygoideus internus, forming the pterygoideus inferior, may be regarded

as a direct concomitant with the extreme posterior transportation of the jaw articulation.
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The absence of any pars extramaiidibularis in the crocodilian Cav.l is of interest. Even

if that muscle which I have identified as the Csv.2' (pars anterior) be in its anterior portion

innervated by the Vth nerve, and this I regard as being extremely unUkely, it is still not extra-

raandibular in its origin. It certainly resembles the pars oxtramandibularis of many iacertiliau

forms in that it covers the portion of the pterygoid muscJe which, in those forms, is inserted on

the outer surface of the jaw. The correlation of the absence of the pars extramandibularis and

of any insertion for the pterygoideus upon the outer surface of the mandible is of interest. It

will be remembered that the extramandibular origin of the constrictor sheet ui the lacertilians

was regarded as being a necondary condition brought about by the growth of the pterygoid

muscle outside the jaw, and as not being of phylogenetic significance. The conditions in the

Alligator appear to support this view.

THE MUSCLES OF THE HYOID SEGMENT.

The Superficial Hyoid Constrictor sheet extends further forward than it does in the lacertilians

or in Sphenodon. It is very distinctly divided into two portions.

The Pars anterior.—This arises for the most part from the inferior edge of the mandible

{Fig. 150, Csv.2'), but in its posterior portion it arises from the ligamentum nuchae by a

membranous extension. The fasciculi themselves do not extend dorsad above the level of the

mandible. This muscle occupies the situation of that which Lightoller designates the pars

extramandibularis of the Csv.l. It lies superficially to that portion of the complex pterygoid

muscle which corresponds to the posterior end of the pterygoideus internus of the lacertilians,

but in this reptile the insertion of either of the muscles does not extend on to the external surface

of the mandible. The direction of the fibres is mediad and caudad. The anterior fibres are at

an angle with the posterior fibres of the Csv.lb and are separated from them throughout their

length. The insertions of tho M. sterno-mandibularis and of the M. mylo-hyoideus lie in the

gap between the Csv.l and Csv.2'.

Insertion : This is into a median ventral raphe. The gi-eater part of the fasciculi extend

right to the mid-line, but posteriorly they fall short.

Pars posterior (Csv,2"),—This is a much smaller sheet of fibres which arise from the dense

fibrous tissue which invests a group of subdermal cervical glands placed at the mid-lateral line

of the neck in front of the shoulder girdle. Their direction is mediad and rostrad. The most

anterior fibres do not reach the mid-line, tlie posterior do.

Insertion : Into a median raphe continuous with that of the pars anterior.

Innervation.'—-This is by a branch facial nerve.

The Interhyoideus muscle of the AUigator (I.hy.) is a remarkably well developed and extensive

muscle. Its origin, however, is pecuhar.

This is a sheet of fasciculi which lies iranaediately deep to the Csv.2 on either side of the

roid-line, but which burrows very deeply for its attachment. The two muscles of either aide

together enclose the ventral capiti-nuchal muscles, the pharynx, the trachea, and the hypo-

branchial spinal muscles, in a tube which, however, is incomplete above, where the two ventral

capiti-nuchal muscles fie on each side of the mid-lino. The muscle extends from the posterior

margin of the thyroid cartilage backwards for a distance of 1*5 mm. (The full length of the

mandibles is 4-2 mm.)

Origin : Tliis is from an intermuscular septmn which separates the lateral and ventral

capiti-nuchal muscles. The septum is quite short and the fasciculi of the interhyoideus extend

up Vjetwcen these trunk muscles, A few of the moat anterior fasciculi have an origin from a fine

membrane which passes dorsad laterally to the lateral capiti-nuchal muscle and is attached above

to tho posterior edge of that lamina of the quadrate which covers the lateral surface of the

exoccipital bone.

Insertion : The anterior fibres are inserted into a very short length of the posterior margin

of the thyroid cartilage immediately below the trachea, the fibres behind these, about one-third

of the full number, are inserted into a median raphe of their own, which lies in contact with the

trachea. The rest of the fasciculi are inserted into the same raphe as the pars anterior of the

Csv.2'.

From their origin the fasciculi pass ventrad. Posteriorly they lie fii'st between the trunk

muscles, then between the lateral trunk mviscle on the outer side, and the pharj'nx, trachea and

spinal hypobranchiai muscles on the imier side. Anteriorly the same stiaictures lie to the inner



258 MEMOIES OF THE ATJSTRALIAN MUSEUM,

side, but the pterygoideiis inferior lies to its outer side. It thus reaches the deep surface of the

Csv.2' and at once turns mediad to its insertion, supeificial to all the structures which He medial

to it.

The Depressor Mandibulae.—This muscle appears to bo divided into anterior and posterior

parts when viewed upon the removal of the skin, but no plane of separation could be demonstrated.

Origin : From the lateral half of the postero -superior surface of the quadrate, the ridge of

the squamosal abov'e that, and then along the dorso-posterior edge of the parietal and supra-

occipital to the mid-line, and finally back along the ligamentimi nuchae for a short distance.

Insertion : The dh'ection of the anterior fibres is eaudo-ventrad and slightly laterad, that

of the posterior fibres ventrad and laterad. They are all insei-ted on to the dorsal surface of

the post-articular piece of the articular bone.

Innervation of the muscles of the hyoid segment.—These appear to be innervated only by

the facial nerve. That nerve leaves the acnustico-trigeminal fossa by perforating the prootic

bone in the roof of the fossa. It thus reaches the anterior wall of the tympanic cavity, it rises

on this wall till it meets the anterior margin of the tympanum, and then turns back around the

median margin of the tympanum, and at its postei'ior margin bends ventrad and enters a canal

between the dorsal surface of the quadrate and the parotic process of the exoccipital, and which

is enclosed immediately behind the t.ympanic cavity by the squamosal laterally and above, the

exoccipital medially, and the quadrate below. The posterior aperture of this canal is about

half-way down the shaft of the quadrate and just on the dorsal surface above the median edge.

Immediately the nerve emerges from the canal it gives off three small twigs which enter the

M. depressor mandibulae. They were not traced far into the muscle—one did well to find them

at all—but were assumed to be entirely motor nerves to that muscle. The main nerve tume
ventrad and mediad, running behmd and slightly laterally to a vessel which accompanies it

through the canal, and which is taken to be the vena capitis lateralis. In this situation the

nerve lies against the upper and then the deep surface of the M. ptcrygoideus inferior. It thus

roaches the anterior margin of the M. interhyoideus, and at once breaks up into fine branches.

Of these, three small ones break oip upon the lateral surface of the muscle. The largest branch

mns ventrad parallel with the fasciculi of the muscle till the under surface of the Csv.2' is reached,

and on this surface its branches trend both back and forward and terminate. The othej* branch

of size passes caudad along the lateral surface of the M. interhyoideus, between it and the lateral

trunk muscle, but trending ventrad.

There remains for description another muscle, probably hyoid. This may be provisionally

designated the Depressor Auriculae. The tjTnpanic recess in the Alligator is protected by a thick

flap of skm. Tliis is attached, along the dorso-median margin of the recess, to the squamosal

bono and to the same bone along the upper half of the posterior margin. The flap is thickest

behind, and in this thickened portion there is lodged a small pyramidal muscle. The base of

the pyramid is muscular and is attached to the lateral surface of the squamosal bone near its

posterior end. The apex of the pyramid is tendinous and is inserted into the quadrate at the

postero-laterai margin of the tympanic recess. The obvioTis function of this interesting little

muscle is to pull the tympanic covering flap close against the edge of the recess.

Discussion.

Passing from the laeertilian muscles to those of the Alligator, it was at once thought that

the muscle which lias just been designated Csv.2' was the pars extramandibularis of the Csv.l.

Its situation is exactly that which one woifld have anticipated for a pars extramandiliularis.

It would seem, however, that there can be little doubt that it is the hornologue of the more

posterior muscle, This seems to be quite conclusively proven by its innervation. It is true

that in certam of the Elasmobranchs Lightoller observed an invasion of the Csv.l by the VITth

nerve, but nowhere in the amphibians or in the lacertilians is tliere such an invasion. Osawa

has stated that a branch of the facial nerve innervates the Csv.l in Sphenodon, but, as already

noted, LightoUer was unable to find such m his dissection, nor could I find any twigs of the

Vllth nerve (supplying the Csv.2) rmming forward into the Csv.l territory. In the present

dissection it has been possible to demonstrate the innervation of this muscle by the Vllth beyond

question, and in a manner very similar to the innervation of the Csv.2 not only in Sphenodon

but also in the LacertiLians. There is, however, no trace discoverable of any innervation by

spinal nerves in this reptile.
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The manner of innervation of the Csv.2 is in itself distinctive, quite apart from the actual

source of the nerve, when it is compared Avith the manner of innervation of the Csv.l. The hyoid

muscle is innervated by a nerve which reaches its deep surface and spreads thereon, whilst the

components of the Csv.l are supplied with motor nerves upon their superficial surface.

The origin of the M. interhyoideus alone causes one to hesitate in so identifying this muscle

in the Alligator. It is, however, significant that this peculiar origin is correlated with the complete

loss of the wide-spreading hyoid cornua. Another little feature, perhaps not without its

significance in this respect, is that there is a email anterior bundle of fasciculi of this muscle with

an origin from the skull in close proximity to the upper end of the stylohyal. May it not be that

the loss of the hyoid cornua has, in this reptile, caused tlje muscle to find a new point of oi'igm,

and that the last portion to do so was that attached to the tip of the stylohyal ? This, perhaps,

became divorced from the cartilage when that was completely taken into the tympanic cavity.

The attachment of part of the fasciculi to the same raphe as the Csv.2 recalls conditions observed

in the Elasmobranchs.

The Depressor Mandibulae muscle calls for little comment. It were mere speculation to

suggest whether or no the undivided muscle represents one of bolih the parts so often present in

the Amphibians and Lacertilians.

It appears more than probable that the Depressor Auriculae is a separated portion of the

depressor mandibulae, but as no trace of its innerva-tion was found, this is not certain. Its

situation, completely separated from the muscles of the mandibular segment, and almost

continuous with the deep anterior boi-tler of tlie depressor, certainly points to its origin from

that muscle.

In view of the fact that the depressor nxandibulae has been regarded as the muscle from which

the post-auricular muscles of the Mammalia are derived, it would be of interest to find it forming

such a muscle in one of the reptiles.

The Hypobranchlax Spinal Muscltss.

The reduction in the hyoid apparatus appears to have been responsible for marked changes

in the origins and insertions of these muscles as compared with their probable homologues in the

Amphibia and Lacertilia. It is unfortunate that both my small specimens have been cut off in

front of the shoulder gii'dle. I am, therefore, unable to detemiine the origin of those of these

muscles which arise from the girdle.

The Sterno-thyroideus medialis (St.hy.m.) is inserted on to the little posterior wing of the

thyroid cartilage.

The Sterno-mandibularis (St.m.) is probably the homologue of the stemo-thyroideus lateralis.

It is inserted on to the mner surface of the mandible in the gap between the Csv.l and Csv.2',

These are narrow thick strap-like muscles which taper from behmd forward to their insertions.

The Hyomandibularis (My.hy.) muscle lies deep to the stemo-thyroideus. It arises from the

tip of the posterior wing of the thyroid and is inserted on to the mandible just behind the overlying

muscle.

The Hyo-glossus (Hy.gl.) muscle also arises from the wing of the thyroid cartilage by a short

strong tendon. Passing forward, it broadens out and crosses the raid-line in front of the thyroid

cartilage, and is inserted into the tissues of the tongue well forward along the lateral area thereof.

As this muscle crosses the mid-line it interlaces with its antiraore.

The Thyro-glosaus (Th.gl.) appears to be a separated portion of the last muscle. It arises

from the wing of the thyroid cartilage in front of the other muscles and, interdigitating with its

antiraere, is inserted into the tissues of the tongue around the anterior wall of the laryngeal

depression. Its function is, fairly certainly, to pull the anterior wall of the depression against

the posterior and to cover in completely the laryngeal opening.

The Gonio-glossus (G.gl.) muscle arises from the inner surface of the mandible on eitlier side

of the mid-line and, passing back, its fibres spread out to be inserted into the tissues of the side

of the floor of the mouth behind the insertion of the M. hyoglossus.

The Thyro-pharyngeus (Th.ph.) muscle arises from the dorsal edge of the posterior wing of

the thyroid cartilage. Relatively broad at the origin, the fasciculi converge as they pass caudad
and dorsad around the side of the pharynx to be inserted mto the tissues thereof slightly dorsal

to its inid-lateral line.
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Crocodilus.

The Trustees of the Australian Musetim presented me with a specimen of Crocodilus sp. about

two feet long. The careful dissection of this specimen failed to disclose features wherein its

cephalic musculature differed materially from that of the Alligator.

My thanks are tendered to Dr. C. Anderson, the former Director, and to tho Trustees for

the specimen.

The contribution of Lubosch on the visceral rauscnlature of the Sauropsida reached me

after my own work upon the Reptilia had been completed. When it was fomid that his description

of a number of forms differed from my own, the dissections in question were either repeated or,

having been preserved in sufficiently complete condition, the dissections already made were

examined again.

Whether the marked difference between his description of the muscles of Alligator and

my own are explainable as the differences between the young individuals and the adults I am
not in a position to say, but that appears hardly possible. After going over the dissections

again most carefully, I am unable to find that my original descriptions were at fault.

Outstanding among the differences is the fact that Lubosch failed aU-ogether to find the

remarkably well developed muscle which I have identified as the M. interhyoideus. The M. mylo-

hyoideus of my description is very much more developed in the adult ; Lnbosch identified it as

the third constrictor (C,3, Fig. 30) and regards that which I have designated the M. thyro-

pharyngeus as a deeper, more dorsal portion of the same muscle {Fig. 34).

It has not been possible to confirm the statement of Lubosch that these two muscles are

innervated by the IX nerve ; on the other hand, it cannot be denied. " Failure to find in

specimens so small as mine, cannot be relied upon as negative evidence.

4. The Chelonia.

Chclodina longicollis.

(Figs. 152-153.)

Maicr^a/.—This reptile is quite common in the streams throughout New South Wales and

I have been able to avail myself of a practically unlimited supply of adults. L have also had a

number of specimens taken from tho egg a little while before hatching.

MUSCLES OF THE MANDIBULAR SEGMENT.

Tho Interraandibularis muscle (Csv.l) shows no division into separate portions.* It arises

from the inner surface of the mandible. Commencuig in front, alongside of the symphysis, the

line of origin is almost at the inferior margin ; as this line passes caudad it rises steadily and

terminates, well toward the upper margin of the dentary, jnst in front of the insertion of the

temporalis muscle. The whole of the fibres have a direct ion mediad and caudad.

Insertion : Anteriorly the fasciculi are inserted into the fioor-plate of the mouth at some

distance from the mid-line. Posteriorly they are inserted into a median raphe.

Innervation.—This is by three small branches of the mandibular ramus of the Vth nerve

which perforate the mandible and spread over the superficial surface of the muscle.

Tho Temporalis muscle is by far the most massive component of tho muscles of mastication.

It arises from the dorso-lateral surface of the alisphenoid lamina of tho parietal bone and from

the whole of the dorsal surface of the depressed area of the skull behmd and above the prootic

foramen.

The insertion is into the upper edge and outer surface of the coronoid process of the mandible.

There is a fibro-eartilaginous meniscus attached to the inner edge of the upper surface of

the coronoid process. This meniscus is folded down alongside of the coronoid process, between

it and the upturned edge of the anterodateral corner of the pterygoid bone. Tho lateral sm-face

of the meniscus is lined by buccal mucosa and Vies against a similai- surface. Between it and the

pterygoid bone there is a synovial cavity, the b(me being covered with a layer of cartilage and

that in turn by the synovial membrane.

The Pterygoideus externus lies entirety under cover of the M. temporaUs. It arises from

the anterior surface of the alisphenoid lamina of the parietal bone medial to, and in front of,

the prootic foramen.

• In the late embryo tliere is a sTiiail ^^iibtuoiitalis nmsole. Tins is a compact rounded bundle of ftbrea >vliieh pass

from one ramus of the jaw to the other without any median raphe.
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The iuRertion is into the articula]* bone very close to the inferior edge of the inner surface

and well back just in front of the joint.

The muscle is crossed superficially, along its upper line of origin, by the maxillary ramus

of the Vth nerve and below, just above its insertion, it is crossed diagonally by the mandibular

ramus just before that reaches Meckel's fossa on the inner side of the mandible.

The Pterygoideus medius arises from the upper surface of the pterygoid bone laterally to

and in front of the prootic foramen, behind the via masticatoria, and also from the anterior

surface of the quadrate in front of and below the origin of the M. temporalis.

C

The insertion is into the surangular bone above Meckel's foramen.

The Pterygoicleus internus arises from the upper surface of the pterygoid bone in front

of the via masticatoria.

The insertion is into the imier surface of the angular immediately in front of the insertion

of the M. pterygoideus medius and below Meckel's fossa.

Imiervation.—The muscles of mastication are innervated by brandies of the ramus
mandibularis V which leave the main nerve close to the r>asserian ganglion.

MUSCLES OF THE HYOID SEGMENT.

The Hyoid superficial Constrictor Sheet is very definitely divided into tw^o portions.

Pars anterior {Csv.2').—The fibres arise from a membrane which is attached to the subdermal
margin of the posterior bony wall of the tympanic cavity and supratympanie bulla, and then

extends across the supratemporal trough, superficially to the posterior end of the temporalis

muscle, to become attached to the crest of the supraoccipital, and is also attached for a short

distance behind this to the ligamontum nuohae. The muscle fibres do not extend dor.'^ad of tlie

line of tho jaw.

T
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The insertion is into a median raphe. The cUrectiou of the fascicuU is mediad and rostrad

and the first few pass beneath, deep to, tlio poHterior fasciculi of the Csv.l.

lumervation

.

—By the two terminal branches of the motor division of the Vllth nerve.

Pars posterior (Constrictor Colli Spinalis*) (Csv.2").—This muscle should, m ail probabiUty,

not be described as one of the hyoid muscles. It is, however, mcluded in this section because

it is so closely similsw to the posterior portion of the Csv.2 of other reptiles already described.

Its separate identity was determined by stimulation experiments. These yielded a very definite

boundary between this and the ''constrictor colli facialis*' in front. This is an extremely

extensive sheet of muscle which extends, from just posterior to the jaw, back along almost the

full length of the neck. It arises from the ligamentum nuchae for the anterior two-thirds of its

length, and here the muscle fibres extend right round the neck from mid-dorsal to mid-ventral

lines. The posterior one-thu-d of the fasciculi arise from an intermuscular septum at the mid-

lateral line. This Ime of origin is immediately below the tendon of the piastre-nuchal muscle.

This tendon is attached by three digitations to the hinder ends of the lateral processes of the

second, third, and fourth cervical vertebrae. The anterior limit of the mid-lateral line of origui

of the constrictor colli spinalis is at the attachment of the posterior digitation.

The insertion is into a mid-ventral raphe.

Innervation.—This is by a strong branch from the unite<l first and second spinal nerves.

The ventral ramus {no dorsal ramus of the nerve was foimd) of the first spinal nerve mns backward

below the longer dorsal trunk muscles and jouis the second, apparently without giving off any

branches. The ventral ramus of the second spinal nerve div^ides immediately after it issues from

its foramen. These pass side by side, first caudad and ventrad, then ventrad, and finally rostrad

and ventrad. The anterior of the two branches thus comes to meet ar\d luiite witli the fii'st spinal

nerve. The conjoint nerve continues rostrad and reaches the deep surface of the constrictor

colli spinalis from between the sterno-thyroideus and the cerato-hyoideus-capitis. It at once

turns caudad and runs back along the deep surface of the neck so as to continue along the deep

surface of the shorter posterior fascicvUi of the muscle, giving off small twigs all the way, the nerve

grows steadily finer and finer.

The Depressor Mandibulae presents no division into separate parts. It arises from the

posterior surface of the squamosal where that bone forma the hmder wall of the supratympanic

bulla.

The insertion is into the post-articular piece of the articular bone.

Innervation.—Two twigs from the motor division of the Vllth ner\''e.

The Interhyoideus muscle would probably not have been recognized as such had the adult

Chelodina only been studied.

In the adult (Fig. 152, Hy.gl.a.) the muscle is a small triangular fan of fasciculi which arise

from the median border of the ceratohyal immediately in front of the insertion of the lateral

portion of the M. hyoglossus. The miLscle lies against the deep surface of the Cav.S'.

The insertion is into the posterior edge of the floor plate of the mouth,

Inyiervation.—This is by a twig from one of the terminal branches of the motor division of

the Vllth nerve. This leaves the deep sm'faoe of the Cs\'.2' at the outer edge of the interhyoideus

and breaks up upon the superficial surface of the muscle.

The true nature of this muscle was discovered in young specimens almost fully developed,

taken from the eggs. In these, the muscle is inserted into the same median raphe as the Csv.2'.

Its innervation was determined by separatuig the whole of the C3v.2' together with the posterior

portion of the Csv.l and the anterior portion of Csv.2" and the interhyoideus, and slicing off and

detaching with them the superficial layers of the Mm. depressor mandibulae, ceratohyoideus-

capitis and posterior end of the M, hyoglossus. These last three were then carefully dissected

off the constrictor sheet from the deep side and the remainder of the preparation stamed and

mounted for examinatioii under high magnification. The nerve could not be fomid in the adult.

* The muscle is a portion of the panniculus camosus, but has been gis-eu tliis designation after much of my work

on the Theria has been completed. A muscle which is deemed to be completely homologous with it is present in the

Cetaceans, but, in them, extending very much further forward (Kosteven, Tlie reason for the uitroduetion of

thi3 term ts to emphasize tlic presence of a superllcial constrictor innervated by spinal nerves as well as the facial

constrictor. This, and the designation eonstrictin- colli fnct.-dis, will be found in Ifitcr sections of the work and used

with the same intent.
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The Course and Motor Bbanches of the Facial Nekve.

Together with the Vth nerve the facial leaves the cranial cavity through the prootic foramen.
In the trigeraino-faciaUs fossa the facial iies above tho trigeminal and the geniculate ganglion

lien above the separated tnmk of the tJ'igeminal. From the ganglion the facial nerve swings

laterad and then caudad through the prootic bone. Passing above the columella auris near its

inner end, the nerve enters a short canal and appears on the base of tho skull just below the
posterior corner of the squamosal. In this situation it lies against the deep surface of the depressor

mandibulae, and gi\'es to that muscle two twigs. The nerve now divides into two branches and
these turn dorsad and laterad around the posterior surface of this muscle, and reach the deep
surface of the Csv.2'. Both the branches are distributed to the Csv.2'. None were observed to

reach fibres of the Csv.2" or to extend on to the Csv.l.

Spinal Muscles.

The Constrictor Colli Spinalis Profundus.—This name is applied to a constrictor muscle not
observed in any of the vertebrates previously dissected.

The muscle arises from the same intermuscular septum as do the short posterior fibres of
the constrictor colli spinalis, but extends right back to the last cervical vertebra so tliat it here

lies above the clavicle.

Insertion : The direction of the fibres is ventrad and mediad with a slope caudad in front

and a slight inclination rostrad posteriorly.

Innervation.—By a branch of the ventral ramus of the third spinal nerve.

In the young specimens this muscle was foimd to be inserted, as to its anterior fasciculi,

into the deep surface of the anterior margin of the plastron, and as to the rest of the fasciculi,

into a strong facial sheet whicli is attached medio -ventraily to tho plastron behuid the first

insertion and laterally to the scapula. This insertion suggests strongly that the muscle is really

the cleido-mastoid, wliich othern^ise is not developed.

The Hypobranchial Spinal Muscles.

The larynx in this reptile has been brought right forward so that it lies in the floor of tho

mouth anterior to the middle of the length of the jaws. The forward migration of the larynx
has, of course, been accompanied by the thyroid cartilage ; it has also resulted in tho abolition

of a fleshy tongue. It would aj^pear that the latter has been replaced by a tough fibro-

cartilaginous plate which lies ventraily to the thyroid cartilage, and wirich has been here designated

the *' floor plate". The tliyroid cartilage has short anterior wings, to which, however, the
ceratohyal is not attached. It is suggested that another of the results of the forward migration
of the thyroid has been the transfer of the articulation of the ceratohyal to a more posterior

situation. Posteriorly the thyroid is produced into a long median rod, and to the end of this

the two posterior cornu are articulated.

The forward migration of the larynx and its cartilage has also, apparently, resulted in an
arrangement of the hypobrauchial spinal muscles which is very different from that of the
Lacertilians. In the following description the designations adopted are those which reflect the

homologies of these muscles with those of the Lacertilians, in so far as such are determined
;

in some cases, however, the homologies have not been determined, even tentatively, and in these

instances noncommital descriptive naraes are used.

The Genio-hyoideus (G.gl.).—This muscle lies deep to the floor plate, between it and the
thyroid cartilage. It arises from the inner surface of the mandible to one side of the symphysis.
The direction of its fibres is caudad and slightly mediad. They fi.re inserted on to the posterior

margin of the thyroid cartilage and on to the perimysium of the hyoglossus at its insertion.

The Hyo-glossus (Hy.gl.) arises from the whole of the outer surface of the posterior cornu of
the hyoid. It is incompletely divided into medial and lateral portions. The former is inserted
into the posterior edge of the thyroid cartilage between the bases of the two comua. The lateral

part is inserted into the anterior one-third of the inner surface of the ceratohyal.

The M. gentoglossus (Th.v.).—The muscle thus identified arises from the anterior edge of
the hyoid cartilage. Its fasciculi run dh-ectly caudad and are mserted into the deep surface of
the floor plate.

The thyro-hyoideus muscle (Th.hy.) is a thick rounded bundle of fasciculi which arise from
the lateral surface of the greater part of the length of the ceratohyal and pass forward and slightly
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mediad to be inserted on to bolli ventral and dorsal siu'faces uf the anterior wing of the thyroid

cartilage.

The Hyomandibuiaris (M.hy.) muncle arises posteriorly to the last muscle from the remainder

of the lateral sui'face of the ceratohyal. The solid bundle of fibres pass forward to be mserted

into the inner face of the mandible anterior to the joint.

The Cerato-hyoideus-capitis (C.hy.c.) muscle arises from the outer edge of the tip and fi'om

the anterior edge of the ventral surface of the lateral end of the ceratohyal and, passing dorsad

and rostrad superficially to the outer end of the Mm. myiohyoideus and depressor mandibulae,

is inserted on to the flange of the squamosal bone which stands out above and behind the supra-

tympanic bulla.

The Sterno-thyroid (S.thy.) muscle arises from the dense subdernial fascia along a line which

commences ventrally at the mid-line a little behind the jniddlo of the length of the neck, and

inclines forward as it rises dorsad to the mid-lateral line. It is a thin sheet of fasciculi which

pass directly fonvard to be inserted, for the most part, into a membrane and tendon which attach

it to the ventral sm'face of the thyroid and the perimysium of the muscles uaserted thereon. A
few of the more lateral fibres are inserted on to the outer end of the ceratohyal, and these are also

firmly bound to the tip of the posterior cornu of the hyoid as they pass over it.

Innervation.—The very complete fusion of the hypoglossal with the vago-aecesaorius tinink

I'enders it impossible to be confident as to the innervation of these muscles. It appears that the

greater part of the hypoglossal fibres leave the fused trimk on its iimer side shortly after the

nei-ves emerge from their bony canals, but of this one cannot be certain. A further complication

is introduced by the fact that branches from the two separate trimks join the other before the

nerve to the hypobranchial spinal muscles separates from the rest of the resultant network.

The Glossopharyngeal nerve was dissected out and the branch to the larynx found to txuii

ventrad and mediad around the posterior margin of the ceratohyoideiis-capitis, then to run

forward along the median edge of the ceratohyal, and then to t\n-n dorsad between the ceratohyal

and the lateral margin of the hyoglossus posterior.

E)nydiira macqi/ariac.

I am indebted to the Trustees of the Australian Museum for a specunen of this tortoise, and

tender them my thanks.

The vSubmentalis muscle is quite clearly differentiated from the intermandibularis. It

takes the form of a small sheet of fibres, continuous from side to side, situated deep to the anterior

end of the M. intermaxillaris.

The M. interhyoideus is similar to that of the yovmg Chelodind.

The M. constrictor colli spinalis profundiLs is not differentiated from the M, constrictor

colli spinalis superficialis. There is a continuous sheet of fibres extending as far back as in

Chelodina, but there is no overlappitxg of two sheets.

Apart from tliese differences the cephalic musculature of these two fresh-water Chelonians

is essentially similar.

5. Ophidia.

(Figs. 154-156.}

Material.—A practically unlimited supply of specimens of two common snakes has permitted

a very complete sui'vey of the adult myology. The two are Python variegatus and Pseudechis

•porphi/riacua. These resemble one another and published descriptions of other snakes so closely

that it has been confidently assumed that there was no necessity to dissect any other species.

It has not been possible to study the development of the muscles. In serial sections, those

of young NotecMs scutattis were observed to present no marked differences from those of the

adult species studied.

THE MUSCLES OF THE MANDIBULAR .SEGMENT.

The ventral constrictor is sharply divided into anterior, submentalis. and posterior, inter-

raanclibiilaris, parts as in other reptiles.

The Submentalis (Csv.la) resembles the pars profunda of the anterior portion of the

mandibular constrictor of the Lacertilians.
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In Pseudechis it consists of two portions, both of them quite small. The larger of these

consists of a small quadrangular sheet of fibres which arise from the inner surface of the dentary

t'lose to tliG anterior end of the bone. The fasciculi pans caudad and modiad to i^e inserted into a

median raphe which is placed above the submental crease, and which in its posterior part is

common to this muscle and the Csv.lb, the latter being the more superficial of the two muscles.

The smaller part of the muscle arises from the extreme tip of the dentary and passes caudad,

doi'saliy to the fibres of the other part of the muscle, to be inserted into the same median l aphe,

but posteriorly to the other fibres.

In the Python the muscle is imdivided and its fibres interlace with those of the Csv.lb at

their insertion into the median raphe so that the two muscles appear to be continuous and
interlacing at the mid-line. In fact it was thus that Hoffmann, following D'Alton, treated the

conjoint Csv.la and Csv.lb, designating them the intermaxillaris. Comparison with Pse/udechifi

and the i*eptiles generally leaves no doubt that there are the two separate muscles blended at

their insertions.

P.n.

Figs. 154-156.

—

l^mirlM-his. T., toiigiu' ; tfc X"., Mm. iiiasscteriouy major ;intl minor.

The IntermandibulariH (Csv.lb) is similar in the two forms. It arises from the inner surface

of the posterior end of the dentary and surangular, and also from an aponeurotic ribbon which
is attached to the inferior margin of the tendon of the pars notognathica of the M. depressor

mandibulae and to the inferior edge of the angular below the insertion of the pars cephalognathica

of the same muscle. The fasciculi pass sharply forward, and gradually reach the mid-line, to

be inserted into the median raphe already describedm comioction with the Csv.la, and superficially

to that muscle in Pseudechis, but intei'lacing with it in Python.

The dissections of Lubosch indicate a greater variation in the disposition and extent of the
parts of this muscle, amongst the snakes, than might have been anticipated from the facts

revealed in my two disseetiona. There is, however, a fundamental similitude in all the

dissections.

Muscles of Masticatioij.

These are exceedingly complex and their action has been studied by students of snake-bite.

In the course of their studios they have described the anatomical form and relations of the muscles,
but unfortunately these descriptions are, for the most part, given without any explanation of the
nomenclature used as compared with, that of other workers.

The latest of such v.'orks, and the most careful, is by N. H. Fairley (1929). I tabulate
below his nomenclature, that of Hoffmann and the nomenclature of this work.
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Tliis xvoik.

Ketrarfcor anguli oris

Massoter minor

Masseter major

Temporalis

PterygoiddUs e\ti?rmis

Pterygoidciis moiliufi

Ptcrygoifleus intermix;

Splioiio-pterygoideuH anterior

Pfcftrygo-quadratus

Splieno-pterygoideus

Median slip of the Hphcno-

ptprygoideus

Hoffmami.
Pariptali-qriadi'ato-mandibulfiri.s, 1//

Xot noted

Pai'.-ijuadr. mand. 1ft

Par.-Quadr. maridib. Ur

Par.-quadr.-mnndib. V/

Occiiiito-quadrato-mandibnlfiri'^ 2b

Transverso-maKillo-pterygo-man-

dibularitt

Pterygo-parietalis

Pterygo-&phcnaidaUs posterior

PterygO'sphenoidalis anterior

Vomero-sphenoideus

Pairley.

Anterior temporal muscle

Anterior temporal miiseie, maudib.

part

Middle tcmporfil uiusole

Posterior temporal muscle

?

Ptc-rygoideus intomus

Ptorygoldeiis extenms

Pterygo-palatinc

Spheno-pterygoldcuB

Parieto-pterygoidetis

9

The Retractor Anguli Oria (R.a.o.) is a very extensive muscle. lu Python it arises from the

parietal and post-orbital bones just behind the orbit. The fascieuli pass vontrad and laterad,

with an inclination caudad, to be inserted into the tissues of the lower Up hnmediately behind the

angle of the mouth.

In Pfieiidechis the muscle is more extensive ; its origin extends back along the parietal, and
behind that bone the muscle arises from an aponeurosis superficial to the other muscles. The
fibres pass ventrad and latorad. and are inserted into tlie dorsal and posterior margins of tlie

capsule of the venom gland.

In both snakes there is a very strong quadrato-maxillary ligament which oeoupies, super-

ficially to the muscles, the situation of a quadrato-jugal bone. This ligament crosses the tendinous

lower end of the retractor anguli oris muscle in the Boiclae a.nd lies along the lower margin of the

capsule of the venom gland in the Colubrine snakes.

Innervation.—Thin is by a branch of the mandibular ramus of the Vth nerve wliich leaves

the main tnmk soon after it emerges through its foramen in the side wall of the cranium, and

reaches the muscle from beneath the anterior border of the Mm. temporalis and masseter.

The Masseter muscle is not differentiated from the temporalis in Python variegatus, but in

Pseudeohis one can recognize two portions, of the masseter and also the temporalis as quite

separated muscles. Hoffmann's reproduction of D'Alton's iUustrations of the muscles of Python

hivittatus indicates that therein the entities of the masticatory muscle group are almost as well

differentiated as in the colubrine snake Pseudechis.

Masseter minor (T^).—^This muscle arises from the deep surface of the retractor anguli oris.

It is a relatively small muscle and its fibres pass directly ^-enti-ad to be inserted into the outer

surface of the mandible.

Fairley describes this muscle as the mantUhular slip of the anterior temporal muscle. That

is to say, he regarded it as a partly separated portion of the retractor anguli oris. The insertion

into the mandible, however, indicates quite definitely that it is not a portion of that muscle.

Fairley failed to observe that the retractor anguli oris of the Boidae is not inserted into the

mandible, and this explains the confusion.

Innermtion.—This is by a branch of the mandibular ramus of the Vth nerve which leaves

the main trunk along with all the other nerves to the muscles of mastication.

Masseter major (T^).—^This muscle has an aponeurotic origin from the supraoccipital bone.

It is a fairly massive muscle and its fibres pass ventrad and laterad to be inserted into the upper

edge and outer surface of the aurangular.

The Temporalis muscle is larger and thicker than the more superficial masseters. It arises

from the lateral, descending, plate of the parietal, and its fibres are inserted into the upper edge

of the surangular, medial to the insertion of the masseter minor muscle.

Innervation.—By a branch of the mandibular ramus of the Vth nerve which breaks \vp into

several smaller twigs as it enters the muscle.

The foregoing description of the Mm. masseter minor, masseter major and temporalis is

based upon the muscles of Pseudechis. In Python variegatus there is a temporo-masseteric mass

of muscle which arises from the area of origin of the three muscles in Pseudechis, but in which

the three components are but poorly indicated by superficial depressions and intervening

membranous partitions from both sides of which the fasciculi arise.

The Pterygoideus externus.—This is a quite small muscle which takes its origin from the

anterior end of the lateral plate of the parietal bone, and from there its fibres pass ventrad deep
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to the maxillary ramus of the Vth iierA-e to be inserted into the lower edge of the internal eiirfaco

of the angular. In Python the jnuscie is reduced to a tliin j'ibbon of fasciculi, which, moreover,

are of a dark grey colour, recalling the degenerating muscles of the developing tadpole,

Innervatioyi.—^By a branch from the ramus mandibularis similar to that innervating the

other muscles.

Pterygoideua medius.—This muscle is reduced in both of the snakes studied ; that is, reduced

when compared with the muscle in other reptiles. In Pseiidecliis the muscle is still separated

from the pterygoideus internua, but in Python it is completely fused therewith.

The muscle arises from tlie posterior end of the pterygoid bone and its fibres pass caudad

and laterad to be inserted into the inner surface of the angular behind Mc^ckel's foramen.

The Pterygoideus internus (Pt.p.) muscle arises from the anterior end of the os transvorsum

by a very strong, rounded, tendon. The muscle rax^idly swells iiito a thick rounded mass of

fibres which pass back beneath the mandible, to bo inserted on to its inferior surface below the

joint.

Innervation,—In Pseudechis the nerve to the M. pterygoideus internus passeis down between

it and the pterygoideus medius, that to the latter nuiscle leavmg the other at the superior margins

of the two.

The Spheno-pterygoideus anterior is very similar in the two snakes. It arises from the

anterior surface of the basitrabecular process of the basisphenoid bone and pas^ses forward, its

fibres diverging somewhat, to be inserted mto the anterior end of tlie pterygoid bone.

Imiervation.—A twig from the mandibular ramus of the Vth nerve.

The Pterygo-quadi'atus is very similar to the same muscle in the Lacertilians. It arises

from the posterior surface of the basitrabecular process of the basisphenoid and, passing caudad

and laterad, is inserted into the posterioi' end of the pterygoid and lower end of the quadrate

bone.

The Spheno-pteiygoideus muscle is similar to, but more extensive than, the muscle in other

reptiles. It arises from the palatine above the basitrabecular process of the basisphenoid and,

its fibres radiatmg back and forth, is inserted into the middle third of the ]>terygoid bono.

Innervation.—These three muscles are all innervated by twigs from a common branch of the

ramus mandibularis of the Vth nerve.

Hoffmaim, followmg D'Alton, described a " Vomero-sphenoideus '* mviscle in Python

hivittatus. In both the snakes I have studied I find a small muscle, which I would regard as a
slip of the anterior spheno-pterygoideus muscle, which fits his description.

MUSCLES OF THE HYOID SEGMENT.
The Superficial ventral constrictor, Csv.2, is that muscle which Hoffmann described as the

M. atlanto-epistropheo-hyoideus, but in tho snakes which I have dissected it is much more
extensive than in the Python as described by DV\lton, and on which Hoftinann's description is

based. It is more than probable that the use of magnifying spectacles has enabled me to recognize

more of the muscle than could be recognized without them.

The sheet of fibres is extremely tenuous, the origin is from the figamentum uuchae and
posterior end of the skull by means of the subdermal aponeurosis and the pertmysia of the muscles

of mastication. In Pseudechis the origin is almost confined to the aponeurotic structures over

the depressor mandibulae, and the fibres pass from the origin, begimiing witli the more anterior of

them, ventrad, then ventrad and caudad, and finally, ahxiost directly caudad blending with the

superficial longitudinal muscular sheath of the body. In Python, the Csv.2 is more distinct

;

it arises from the ligamentum nuchae for a short distance behind the skull, and there is no actual

origin from the aponeurotic structures over the depressor mandibulae. From their origin the

fibres pass ventrad and swing rostrad towards the mid-line, but fade out before reaching it.

Innervation.—The anterior fibres of the muscle in both snakes are very definitely mnervated

by fine twigs from the motor division of the Vllth nerve which reaches the Csv.2 between the

partes noto- and cephalo-gnathiea of the depressor mandibulae.

The presence of a Constrictor Colli Spinalis in the Python is very doubtful. It has not been

possible to demonstrate any spinal nerve supply to the muscle ; on the other hand, in the more
extensive muscle of the colubrine snake, innervation by the first and second spinal nerves

separately was demonstrated in every specimen dissected. There is, however, no indication of

any boundary between the Sphincter colli facialis and the spinal sphincter. Experimental work
is needed to determine boundaries.
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The Depressoi* Mandibulae muscle recalls that of the Lacertilians, and more especially thai

of the Mojiitor lizard.

Pars Cephalognathica.—This is a remarkably massive aiid a compact miiscie which arises

from the back of the skull close to the mid -line, and from the posterior surface of the quadrate.

The muscle is always separable into anterior, more superficial, and posterior, deeper, portions,

and of these the latter is the larger. The plane of neparation extends down almost to the

mandiljle. Tiie insertion of both portions is into the post-articular jjart of the siirangular.

Innermtion.—This is by several small twigs fi'om the motor division of the Vllth nerve,

which enter the rauwcle on the surface exposed on separation into ita two parts.

Pars Notognatkica.—This has an extensive origin by means of the aponeuroRis, from the

ligamentuxii nuchae for some distance behind the skull. The fasciculi converge as they pass

roHtrad, and ventrad, to be inserted by a very strong tendon into the surface of the anterior

end of the quadrato-mandibular ligament.

Innervation.—This is by a single large branch of the motor division of the Vllth nerve which

reaches its deep surface from behind the posterior margin of the pars cephalognathica.

The Hypobrancuial Spinal Mitscles.

The absence of the sternum alone would render the identification of these muscles a matter

of some difficulty, but in addition to the loss of that structure their identification is made more

difficult by the reduction in the hyoid apparata9 and tlie transportation of the larynx very far

forward and the development of the long protrusible tongue and its slieath.

The Hyoid apparatus is reduced to a narrovr bow with a short anterior spur. This last lies

just forward of the transverse level of the two jaw joints ; the thin anns of the bow extend back

along the neck for some distance. This single hyoid arch is probably the seconii ; it appears

too far back to be the ceratohyal.

The superficial stemo-hyoid and hyomandibular muscle is a forward continuation of the

rectus abdominis. As it passes over the hyoid cornu its deeper fibres are bound thereto ; its

anterior insertion is into the skin superficial to the parotid gland and to the lower edge of the

mandible almost along its full length.

The lateral, Cervico -hyomandibular, muscle has an aponeurotic origin from the ligamentuiu

nuchae behind the origin of the pars notognathica of the M. depressor mandibulae. Its fibres

sweep forward ventrad and mediad, and have an aponeurotic insertion mto the skin and posterior

end of the mandible. The union of this aponeurosis of insertion with that of the pars notognathica

gives the muscle an attachment to the lower edge of the quadrato-mandibularis ligament.

The muscle which is, in all pro liability, the homologue of the sterno -mastoid arises, m tiie

snakes, from the deep surface of this last muscle about the middle of its length and passes rostrad

and slightly dorsad. Tapering rapidly, the muscle is inserted, by a fine strong tendon, into the

upper en<l of tlie quadrate between the two portions of the pars cephalognathica of the M. depressor

mandibulae. Hoffmami designated this muscle tlie retractor ossis quadrati.

The CJ-enioglossus appears to be represented by a small muscle which lias not heretofore

been observed, but which is present in both the snakes studied. The muscle arises from the

inner surface of the mandible superficially to the Gsv.la, Its fi.bres pass more directly mediad

and dorsad between the two halves of the submentalis to be inserted in part into the sheath of the

tongue and in part into the sido of the trachea just posterior to the larynx. In Psetidcchis the

latter fibres are quite separate from the former throughout their length and, moreover, in this

foiTu those inserted into the sheath of the tongue are distinctly gathered into a posterior and an

anterior group.

The Geniohyoideus (pr.la.) is that muscle which Lubosch designated " geniotracheal is

and Gojipert " protractor laryngis It arises from the fore end of the dentary behind the origm

of the M. genioglossus and, passing back and dorsally, is inserted mto tlxe side of the trachea a

short distance behind the larynx.

The Hyo-glossus muscle (" Genio-hyoideus " of Lubosch) is apparently that which Gt>ppert

designated the retractor laiyngis. The muscle is a narrow thin band of fibres which arise from the

rleep surface of the curve of the hyoid apparatus and. passing forward along the side of the

trachea, are inserted thd'ehdo just behind the insertion of the protractor.

A muscle which arises from and surrounds the free end of tlie hyoid corim and passes fonA'ard

to be inserted into the base of the sheath of the tongue Avas termetl the hyo-glossus by HoBVnann.

It appears more probable that it is the homologtie of the thyrodiyoideus of the Lacertiliana.

»J*tlONAL m^.cUtA OF VtCTORU
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The Ventral Superficial Constrictors,—Of tliese there 9,re, ('*

6. Review.

ron^tantl

Laeertitian genera examined, three portions of the mandibular sheet and a continuoun hyoid

sheet. In addition there is, in Home forms, the muscle which has been designated M, interhyoideus.

The obvious division, in a number of forms, of the Csv.l into three parts raises the question

of the homology of these to the divisions of the muscle observed in the Anamniota.

Past writers have failed altogether to recognize that the muscle does present itself in more

or less well defined portions, excepting only Lightoller. He expresses the opinion that only two

parts of the muscle call for recognition, a pars intermandibularis and a para extraniandibularis,

and these he homologizes with the similarly-named portions of the Gsv.l In the Selachians.

Unfortunately, Lightoller did not study the bony fishes at all. believing them to be specialized,

and on that account not throwing any light upon the serial homologies of the muscles throughout

the vertebrata.

Lightoller, however, has drawn attention to the fact that the pars intonnandibularis of the

Csv.l already, in certain of the Selachii, shows a division into anterior and posterior portion.^.

Throughout the bony fishes, it will be remembered, this division of the anterior part of the Csv.l

into submentalia and intermandibularis muscles is of constant occui-i'euce. Again, in the great

majority of the Amphibia, the Csv.l is divided very completely into these two components.

In the Amphibia it was further observed that no pars extramandibularis is ever developed,

and in this respect the Amx)hibia resemble the bony fishes. It was also observed that the

submentalis of the amphibian muscle is placed on a slightly deeper plane tiian the rest of tiio

muscle.

Now, taking all these facts into consideration, it would appear that the M. submentalis of

the Lacertilian is probably the homologue of the submentalis of the Crocodilia, Emydura, and

of the Amphibia. Like the last, it is placed in front of the rest of the muscle and occupies a

deeper plane.

The partes intermandibularis and extramandibularis I have regarded as being, together,

the homologue of the pars intermandibularis of the Amphibia.

To this conclusion I am led by the following considerations. Ther-e is no pars

extramandibularis developed in any bony fish, any of the Dipnoi, oi- any other Amphibian.

Further than this, the whole of the Csv.l of the Lacertilians is dev eloped medially to the rami

of the lower jaw, and in early stages of the development it is attached on either side to the iiiodian

surface of Meckel's cartilage. In these early stages there is no extension laterally to these

cartilages, no pare extramandibularis. The extension laterally and dorsally to the ramus of the

jaw appears to be conditioned entirely by the growth of the M. pterygoideus internue around

the ventral edge and up over the lateral surface of the jaw. It is noteworthy that it is only after

this muscle has so extended, and only as it does so, that the Csv.l comes to have the extra-

mandibular extension. Thoi*e is, so far as my material permits me to judge, no example of any

portion of the Csv.l in any Lacertilian having an extramandibulai- attachinent anteriorly to

the anterior margin of the M. pterygoideus intemus, nor in any reptile which has no portion

of the M. pterygoideus intornus arising on to the outer surface of the mandible, e.g. Cheloniana

anfl Crocodilia, and Chameleon.

It will be remembered that the Csv.l of the Selachians was not divided, in any of the genera

examined, into anterior and posterior divLsions, except to the extent that the origin of the posterior

portion was extramandibiilar. whilst that of the anterior portion was intermandibular. Even
in this respect it was not possible to recognize any definite line of demai'cation between the two

parts. The origin, in nearly every case, extended gradually across the outer surface of tJie

mandible. Actually, it will be remembered, the division was quite clearly stated to be one of

anatomical convenience and not of actual separation', or definition.

In view of all the facts it appears probable that the posterior portion of the Csv.l, behind

that which contributes to the submentalis of the Bony Fishes, the Amphibia and the Reptilia,

is homologoi3s throughout.
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PART III. THE SAURIA. (Continued,)

THE AVES.
The Muscles of the Birtls.

The Larynx and its Muscles.

Summary and Review of Saui'opsidau MHscI(;^.

Review of thv. Saurian Mu«cles.

THE MUSCLES OF THE BIRDS.

Eighteeii birds have been disyected for this section of the work, but, as there is a marked

similarity in the arrangement of the rnuseles. only those which present interesting featm'es will

be described in detail.

The conditions in Galhif<, which is described fully, may be regarded as the normal, or typical,

an-angement for the birds. The majority of tliose exanuuerl resemble it closely.

Oalius.

(Figs. 157-166.)

THE MUSCLES OF THE MANDIBULAR SEGMENT.

1'he ventral constrictor, Csv.l, presents no division into parts, ft consists of a slieet of

transverse fibres which arise on each side from the inner surface of the mandible for the greater

part of its length and which are inserted Into a median raphe.

Innervation.—This is, of course, by the mandibular ramus of the Vth nerve. The eoui'se

of this nerve is almost exactly as in the Reptilia. The main trunk passes deeply between the

pterygoid and teniporo-masseteric groups of masticatory muscles, the terminal, mandibular,

branch enters the canal m the mandible. The first branch of this to perforate the jaw-bone

breaks up into tla-ee to five twigs as soon as it emerges; one of these supplies the whole of the

motor fibres to the Csv.l.

Lubosch (1933, fig. 14) depicts the posterior margin of this muscde as trending caudad. I

have dissected, in all, about forty specimens, and in every one of them I find the posterior margin

to be almost exactly transverse, but I also find that the posterior limit of the origin is placed

further back than he depicts it, whilst the posterior lunit of the insertion is a little further forward.

The muscles of mastication are essentially similar to those of the reptiles. I have not,

however, found any trace of the retractor anguh oris in any one of the many birds examined.

The Masseter muscle is a relatively thicker muscle in the fowl than it is in any reptile

examined. It arises from a very strong fascia which is bound to the outer sm'face of the post-

orbital process of the skidl and to the anterior wall of the fibrous external auditory meatus.

This fascia is, as it were, continued forward and ventrally along the superior margin of

the muscle for about two-thirds of the length of that margin. The fascicuU arise from the outer

surface of the post-orbital process and from the continuation of the fascia along the whole of its

length. Their direction is ventrad and rostrad and they are inserted directly into the outer

surface of the mandible well in front of the jaw joint.

The Temporalis muscle arises from the inferior margin and surface of the post-orbital process

and from the skull in the temporal fossa deep to the M. massetericus. Tliis temporal muscle is

roughly pyramidal in shape. The apex of the pyramid is a short tendon which is inserted into

the upper edge of the mandible, actually to the little tubercle upon that edge immediately above

Meckel's fossa and which may be regarded as a much reduced coronoid process. The pyramid is,

then, upside down, and the base is the origin of the muscle as described.

Ah tlie final portion of tliU work yoes to tlie press X feel tli;it some explanation of tin; absence of references to

recent work is ealled for. Tlie work was counneneed in 1083 and progressed st^'adily till its eoniplction in 1 Belay

in publication resulted froui lack of available ftmils and the jicneral uueortaiiity of conditions associatetl witli tlie

declaration of war. In 1942 the Tnistees of ttie Australian Museum ag;icetl tf> pnl)lisli sections of tlie work from time

to time as funds became av:iilal)le, and in 11)4+ a grant from the Commonwealth Scientific l*ublicatious Committee

liel|tc<l to expedite the completion of pul>lieation. I should like to express lay {ivatitude to both those bodies, as well

as to the Director of the Museum, Dr. A. H. Walkoiu. and to tlic Liluarian, Mr. \V. A. Rainbow, for invaluable

assistance in tlie editing and printing of the memoir.

As a result of tlie <lelay, the work, in its reference to current researeli in compiirtitivi' amitomy and embiyolosy.

is to a certain extent nut of date. This has been naavoidabk' becou.se my time has been wholly taken up in

the discharge of my duties as Director of Medical Services of the Allied Works Council of the Conimonwi'alth

of Australiii, ;ind {•(Uisequcntly 1 liave had no opportunity of Ininging tlic work up tn date.— H.l-.K.
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The Quadrato-mandibularis muscle arises from the anterior process of tlie quadrate, and its

fasciculi pass almost directly ventrad to be inserted on to the outer surface and lower edge of the

mandible between the insertion of the M. massetericus and the joint. This muscle is a fiat ribbon

of tissue of no great thickness.

Fi^s. 3r)7-HiO.

—

Gal/u,?. Superlidiil tiuiscles.

The pterygoideus externus muscle is a rounded bundle of fasciculi which arise from the wail

of the skull below and just in front of the root of the post-orbital process. The muscle is clothed

upon its anterior surface by a strong band of fascial fibres, and it is into this that the greater part

of the fasciculi are inserted. The fascia gives the muscle a short tendinous insertion into the

upper edge of the mandible medial to the msertion of the temporalis muscle.

The pterygoideus medius muscle appears as though it were an anterior extension of the

M. quadrato-mandibularis. It arises from the upper edge and lateral surface of the anterior

process of the quadrate bone. Its fibres pass ventrad, laterad. and rosti-ad, and are inserted

along the upper edge of the mandible and along an upper strip of the internal surface thereof.

The insei'tion of these fasciculi commences behind at the anterior edge of the M. quadrato-

mandibularis and terminates at the same point as the most anterior point of insertion of the

M. massetericus.

At its origin this muscle appears to be quite continuous with the anterior fasciculi of the

M. quadrato-mandibularis, and, indeed it caimot be dissected free from that muscle. There is,

however, a strong tendinous band running from the posterior point of origin of the muscle almost
to the posterior edge of its insertion. This marks the limits of the two muscles, which are further

indicated by the fact that the most anterior, like all the rest of the fasciculi of the M. quadrate-
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maiidibularis, are inserted into the inferior edge of the external surface of the xnandible, whilst
the most posterior fasciculi of the M. pterygoidons medius stop short to be in.-^erted into the
superior edge.

The PterygoideuH internus is a very massive muscle and is best described in two poi-tiont
These two parts are intimately fused along their contiguous margins.

The Pars medialis arises from the posterior half of the inferior and median stu-faces of the
palatine bone and from the inferior and posterior surfaces of the pterygoid bone. The origin is

m part dii-eetly from the palatine and pterygoid bones, and in part from a fascia which is attached
to the inferior surface of the palatine bone and spreads out upon the inferior surface of the muscle.
In the result the muscle receives an appearance of being spindle shaped and arising from the
fascia. The muscle is inserted into the inner half of the inferior surface and posterior edge of the
median half of tlie transverse process of the mandible, and also on to the whole of the superior
suifaoe of that process medial to the articular cavity. This last insei-tioii is of the whole of the
fibres which take their origin from the pterygoid bone, and there is a partial cleavage between
this portion of the muscle and the rest of it, which suggests the imperfect separation of a
M. pterygoideus posterior.

The Pars lateralis ari.ses from the anterior half of the inferior and lateral surfaces of the
palatine bone in a manner similar to the origin of the last muscle. In similar way it receives

an appearance of being spindle shaped, as viewed from the inferior surface. Inferiorly these
two muscles are intimately fused along their contiguous edges. Superiorly a cleavage exists

between the muscles right to the veiitrai fascial membrane anteriorly and gradually becomes
shallower as it is traced backwards. The insertion of the M. pterygoideus internus is into the
infej'ior surface and posterior edge of tlie lateral hnlf of the transverse process and the post-

articular piece of the mandible.

The Spheiio-pterygoidcus mu.selo arises from the side wall of the skull medially to and only
just above the pterygoi<l bone. It is inserted into superior and anterior surfaces of the pterygoid
bone nnd into the upper edge and posterior surface of the anterior process of the quadrate bone.

THE MUSCLES OK THE HYOID SEGMENT.

In the couivse of his work upon the muscles of saurians, Lubosch (1933) describes and illustrates

those of a few birds. His description of the superficial constrictor sheet in Stnithio and in GaUits

is accurate in respect of the morphology of the muscles. 1 find, however, that there is an error

in his dotei-mmatioji of the extent of the constrictor sheet innervated by the facial uci'\'-c.

The muscle which he regards as the hyoid portion of this sheet and indicates with the letters

C.mv.hy. is innervated by the ninth nerve and the iiboral portion of the sheet is not nearly so

extensive as his illustrations depict. This last statement is based upon dissections and experi-

mental investigation in the case o{ Qalius, but upon the dissections only for the birds generally.

The disposition of the various branches of nerves VII, IX and X were carefully determined
in Gallu.'i and their functions were then determined by stimulation.

Many cxperiraeiitM were carded out before all doubts as to the functions of the various

branches were set at rest. In the early experiments the birds were pithed prioi- to the work, but
later it was found that one had from twenty to thirty minutes in which to carry out the experi-

ments after they wei-e simply decapitated, before the muscles failed to respond to stimulation.

In this woi'k 1 had the able assistance of my son, Geoffrey L. Kesteven, and take i.>leasure in

recorrling my indebtedness to him, and also to Professor H. Priestley for the loan of the electrical

equipment for t he work.

The facial nerve issues from its foramen behind the external auditoiy tncatus medially to the

fibrous posterior wall thereof. It at once gives off two twigs to the depressor mantlibulae muscle.

After a very short comse against the posterior surface of tliat muscle the nerve crosses to the

fascial plane in front of the hyoid coitiu and divides into two branches. Both of these reach the

deep surface of the dorsal facialis constrictor (Csd.2) in fi-ont of the anterior margin of the

M. trapezius. I^he posterior, or more dorsal, branch is distributed entirely to the Csd.^. The
more medial, and larger, branch gives off a branch anteriorly. This supplies the two portions

of the Csv.2 and the M. interhyoideus. The x'est of the nerve supplies only the \ entral portion

of the Csd.2.
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The nintli and tentli nerves {Fig. IGl) emerge close together deep to the ex\iorging seventh.

They are joined by a fairly thick comniissui-e immediately outside their foramina of exit from the

skull. Just a little way distal to this another cominissnre is present. This leaves the tenth and
runs forward to join the ninth ; it also is quite short. Almost immediately beyond the jioint oC

jmiction of this last with the glosso-pharyngeal, the nerve which supplies tJie whole of the muscles

of the floor of the mouth leaves this last. Exponmental work showed this to be composed, as far

as its motor fibres were concerned, of ninth nerve fibres only. If one severed the ninth nerve

behind the second comniissui'e, ami then severed the first, one obtained no conti'actions of any of

these muscles on stimulation of the proximal end of the vagus. Amongst the muscles which

contracted was the " C.mv.hy." of Lubosch. present in Galhtu, and precisely similar to that

muscle in Strutkio and Droniaeus,

Fig. ]«].—(;a//».s\ niiignim of the maiu bvaiK-lifs ;md juiastoinows of the

IXth and Xth nerves.

IX-X to la.dors., the nerve to the larynx ; IX-X to la.vent., the nerve to the

deeper hypobranchial nmscles ; IX to Mn.hy., the nerve to the supt'iUcial

hypobranclual muscles ; IX-X K.dese.. the deseendinf? gai^trc-intestinal trniik.

Beyond the nerve to the hypobranchial hyoid muscles, the ninth divides into its two terminal

branches. One of these carries motor fibres to dorsal pharyngeal muscles, the other is the

descending branch of the nerve.

Beyond the second commissure, and at an appreciable distance from it, the vagus divides

into three. Two of these join the descending branch of the ninth. The third carries motor fibres

to ventral pharyngeal nniscles and the recurrent laryngeal fibres.

These same nerves were dissected out in Struthio, Drornaeus, Anas. Phcilacrocorax and
Calyptorhynchus ; they were also studied in serial sections of a number of late embryos, and in no
ease was any difference worthy of record noted. It is, therefore, assmned that the innervation

of similar muscles is the same throughout the birds.

Stimulation of the two branches of the seventh nerve to the Csd.2 ])roduced contract ions

only ovei- the small region occupied by the muscle depicted in my figure 157. Actually, the

extent of the muscle so depicted was deteiTnined by dissection before the experimental work was
carried out, as also was the innervation of the " C.mv.hy." by the ninth ner\^e, and it was these

discrepancies which caused me to undertake the experimental work.

The greater portion of the " C2.dv.abor." of Lubosch is portion of the general platysraa

myoides and may be designated constrictor colli spinalis, since it is probably completely

homologous with the similarly named muscle in the Chelonians and some other reptiles.

The innervation of the deeper muscles presumably innervated by the ninth nerve, as indicated

by dissections, was not definitely determined by the experimental method. That complete and
clean exposure of the muscles necessary for quite satisfactory observations could not he com-
pleted before the muscles failed to respond to nerve stimulation.

The three parts of the Superficial constrictor are placed upon successively deeper planes.

from behind forward.

The posterior portion of the superficial faciaUs constrictor (Csd.2) lies iimnediately beneath
the skin. Its anterior border is found immediately behind the posterior margin of the depressor

mandibulae muscle. It arises from the fascia dorsalis about one-third of the distance down from
the mid-dorsal line to the mid-lateral line of the neck. This is the level of origin of the more

IX-X R.desc.
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anterior fibres ; as one proceeds eaudad one finds that the origin is plac^ed gradually lower and
lower. In other words» the fibres lose in length at the expense of their upper ends. They are all

inserted nito a medial ventral raphe. Their direction is almost precisely at light angles to tlio

long axis of the neck, with a very slight inclination caii<lad. The fibres of this muscle He upon
the extensive trapezius muscle (Tr.), and the anterior fibres are nearly parallel with the most
median fibres of that muscle as they tend to a transverse direction on either side of the mid-line.

The Csv.2 is present in two parts, the inovf} superficial portion of the muscle (Cs\\2) arises
from a short line upon the outer surface of the post-articular jiiece of the mandible. From
this orifriii the fasciciih pass ventrad and mefliarl to be inserted into the mid-ventral raphe. The
muscle is broader at its insertion than at its origin, and the anterior fibres have an inclination
i-ostrad. The muscle is placed upon a deeper plane than the Csd.2. At its origin it lies deep
to the trapezius muscle, which, in turn, lies deep to the Csd.2. At its insertion, careful dissection
reveals that there is a definite fine fascia overlying it which continues forward the plane of the
Csd.2. although the median raphe of the one becomes intimately blended with that of the other.

The deeper and more anterior portion of the muscle arises from a similar short line in front
of the last muscle and its fibres pass mediad and ventrad to be in.serted into a mid-ventral raphe.
The more posterior fibres of this muscle lie dorsally to the anterior fibres of the last and their
respective median raphes do not combine. On the other hand, the insertion of the anterior portion
is veiy intimately Imund to the ventral surface of the body of the hyoid.

The Depressor Mandibulae muscle is a soUd oblong mass of fibres which arise from the
posterior, fibrous, wall of the external auditory cavity and from the surface of the skuU dorsally
thereto. The muscle Hes deep to the anterior end of the M. trapezitts. Its direction is, from its

origin, ventrad and laterad, with a slight curve rostrad in its posterior fibres. It is inserted into
the upper part of the external sui-face and practically the whole of the internal surface of the post-
articular piece of the mandible.

It should be noted that this depressor mandibulae can represent only the paj-s cephalognathica
of the muscle in the reptiles ; there is no trace of any division into two heads. It will sa\'e

repetition to state that no representative of the pars notognathica has been found in any bird
investigated.

The Interhyoi<leus muscle arises in front of the Csv.2, and deep to the deeper portion, from
the articular bone ; it is a thick cord-like muscle which runs forward and mediad. It crosses the
M. hyo-mandibularis superficially and then passes deep to the M. hyo-glossus posterior to reach
tlie dorsal surface of the rod-like anterior portion of the hyoid body. The two muscles of oppo.site

sides meet iii a ctirnmon hue of insertion along the centre of this surface.

Muscles In.n-hkvated bv the Ninth Nerve.

(Figs. 160-1 (i7.)

The M. hyomandibularis arises from the posterior half of the length of the hyoid cornu,
dothuig it completely with its fasciculi. The muscle divides into medial and lateral portions
which are inserted, one behind the other, into the inner surface of the mandible. The smaller,

lateral, portion is inserted superficially to the Cav.I, the medial portion deep to it.

The M. hyoglossus posterior arises from the anterior half of the length of the hyoid cornu.
Although this is a thin, cord-like muscle, its origin clothes all those amfaces of the cornu in this

part of its length not covered by the M. hxtercerato-hyoideus. The fasciculi are inserted into a
very Hue tendon whicli loses itself in the tough tissues of the anterior end of the tongue.

The M. Thyi-o-hyoideus is a massive muscle which arises from the ventral surface of the
thyroitl cartilage, from a small area of the thyreo-tracheal membrane and from the wall of the
pltaryiix close to these two structures. Its fibres pass directly forwardy converging slightly to he
inserted into the dorsal surface of the body of the hyoid behind the insertion of the M. inter-

hytiideus.

The Interceratohyoideus muscle is a remarkably thick sheet of fibres which arise from one
hyoid cornu, cross the urostyle, and are inserted into the other cornu. The muscle commences,
in front, just behind the body of the hyoid arid its posterior margin is about two-thirds of the
length of the urostyle further back.

The Hyoglossus anterior muscle arises from the anterior end of the body of the hyoid and
is insei'ted into the fibrous tissue of the tongue. The most ventral fibres of this muscle are
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differentiated from the rest ; they run directly forward along the ventrum of the tongue between

the tendons of the posterior hyoglossus muscle. The other fibres have a direction forward,

dor^^ad and slightly laterad, outside the tendons.

Figs. 162-166.

—

Gallus. The muscles of mastication.

Fig. 167.

—

Gallus. The hypobranchial muscles,

Dromaeus and Struthio.

(Figs. 168-171.)

These two birds resemble one another so closely that they may be described together.

THE MUSCLES OF THE MANDIBULAR SEGMENT.

The Csv.la is not to be found.

The Csv.lb is a very typical muscle. All the fibres pass directly transversely and are inserted

into a median raphe. The line of origin is placed fairly high on the inner surface of the mandible,

about one-third of its depth from the dorsal edge. This line commences behind just in fi-ont of

the insertion of the muscles of mastication and extends forward to near the junction of the middle

and anterior thirds of the length of the mandible.

The Masseter muscle arises from the lower part of the temporal fossa and from the inferior

post-orbital process above the quadrate. The fibres run forward and ventrally and are inserted

on to the upper edge of the mandible and a narrow area on the outer surface close to the dorsal

edge and into a more extensive area on the inner surface.
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The Temporalis muscle arises from the upper part of the temporal fossa, from the inner

sui'face of the superior post-orbital process, and from a small area of the surface of the alisphenoid

bone in the posterior wall of the orbit. The fibres are all inserted into a strong rounded tendon

which is inserted into the inner surface of the mandible below the foramen for the mandibular

branch of the fifth nerve.

FigK. 108, 16n.

—

Struthio. The muscles of mnRtication.

Figs. 170, 171.

—

Drovnaeus. The ventral muscles.

The Quadjato-mandibularis muscle is apparently completely fused with the deep surface of

the M. massetericus ; that portion of the muscle which arises from the inferior post-orbital process

actually arises almost in the situation of the origin of the quadrato-mandibularis muscle in

other birds. It will be remembered that the otic process of the quadrate, which stands out freely

in the great majority of birds, is very nearly covered by the inferior post-orbital process in the

Emu and the Ostrich and their allies.
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Thfi Pterygoideus externum nmscle arises from the area of origin, is quite narrow, and
commences in front of the optic foramen and extends back to the junction of the presplienoid

to the basisphenoid bone. It is a flat sheet of fibres which pass, almost horizontally, laterad,

converging to be inserted into a natrow area along the imier sarfaee of the mandible bolow the

iosertion of the M. massotericus.

The Pterygoideus medius muscle is quite continuous with the deep surface of the M. ptory-

goideuK externus ; it arises from tlie latei'al surface of the palatine process of the quadrate. Its

fasciculi lun horizontally laterad, with a caudad incliuatiou, to be inserted below the

M. pterygoideus externus.

The Pterygoideus internus muscle is exceedingly massive. As is usual in the birds, medial

and lateral parts may be recognized, although they are but poorly delunited. The pars lateralis

arises from the lateral margin and inferior surface of the posterior plate of the palatine bone.

The fibres i-un caudad and are inserted on the ventral edge of the ramus of the mandible and on

the ventral sui'face of the expanded articular bone. The pars mediaUs arises from the inner

margin of the expanded plate of the palatine and of the posterior plate of the vomer and froin the

ventral surface of the pteiygoid bone immediately behintl it. The insertion of the lateral fibres

of this portion of the muscle is on to that portion of the ventral, expanded surface of the articular

bone not occupied by the insertion of the pars lateralis. The remainder of this muscle probably

represents the M. spheno-pterygoideus, which is, otherwise, not represented. The portion in

question constitutes about the medial half of the muscle. All these fibres aie inserted into a

strong fascial band which binds the articular to the basisphenoid, behind the basipt^erygoid

process, and also extends across the basisphenoid bone almost to the midline, just in front of the

eustachian canal, where that leaves the tympanic cavity, and the anterior opening of the canal

which carries the ramus palatinus facialis and the palatine artery. It will be noted that, if this

be the spheno-pterygoideus muscle, its origin and insertion have both been shifted ; its situation

alone justifies the suggestion. In view of the fact that the palate is rigid, it appears possible

that this muscle fimctions in some way to assist deglutition.

The Levator quadi*ati muscle is composed of short fibres which arise from the basisphenoid

bone in front of and above the basipterygoid process and pass to the concave, medial surface of

the pterygoid process of the quadi'ate bone.

THE MUSCLES OF THE HYOID SEGMENT.

The Csd.2 was not found, but this was possibly because the muscle is very fine, poorly

(ieveloped, and was not distinguishable on the roughened surface caused by the deep insertion of

the foatiiers and by their erector and depressor mitscles, specialized slips of the general platysma

rn_>'oides.

The Csv.2 is the only representative found of the constrictor colli facialis. Its fibres arise,

close together, from the fascia dorsalis just behind the angle of the jaw. The fasciculi diverge

baekwai'ds and forwards as tliey pass ventrad and mediad. The muscle is imperfectly divided into

anterior and posterior part s. The pai-s posterior is made up of those fibres which diverge caudad

and those with a direct transverse direction. The pars anterior, with forward trending fasciridi,

ext^ends across the ventral surfaee of the trachea, its most anterior fibres meeting their antimei*e8

in the midline.

The Interhyoideus muscle arises beneath the Csv.2. Its fasciculi are gathered to form a

rounded, almost cord-like, muscle which runs forward and medially to flatten out somewhat and

be inserted into the urostyle immediately behind the body of the hyoid and under cover of the

posterior fasciculi of the Csv.lb.

Tlie Depiessor mandibulae muscle is a perfectly typical a^^ian muscle which arises from

the skull beliind and above the external auditory meatus and from the posterior fibrous wall of

that cavity, and is inserted into the articular bone. There is no trace of any division into two

parts.

The facial nerve is essentially similar in all respects to that of Oallus, but the course of the

ramus palatinus is of interest. I have previously recorded the fact that this nerve, in Dromaeus,

nms forward below the basipterygoid process (Kesteven, 1941rt). It was then sugge.sted that

Brock (1937) had mistaken a small branch of the nerve which nms forward below the process

for the ramus itself, in Struthio. I have now to record that the course of this nerve and its

branches is absolutely the same in both forms-
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Mirsci^Ks Innervated by the Ninth Nerve.

The Hyomandibularis muHcle arises from the posterior third of the length of the hyoid cornu

and its fibres rmi straight forward to be inserted into the inner surface of the mandible super-

ficially to the posterioi- half of the Csv.lb.

The Geniohyoideus muscle is a flat sheet of fibres which arises from the outer side of the

anterior two-thirds of the length of the hyoid cornu. Its fasciculi run straight forward to be

inserted into the inner surface of the mandible along a line which commences in front at the

symphysis and runs back along about one-half of the length of the ramus of the lower jaw and is

situated just deep to the line of insertion of the Csv.lb. The two median edges of this pair of

muscles are appreciably thicker than the lateral edge. The muscle lies between the mucosa of

the mouth and the upper surface of the Csv.lb.

The Thyro-hyoideus muscle is a relatively thick sheet of fibres which arise from the posterior

margin of the ventral surface of the thyroid cartilage and are inserted into the hyoid cornu close

to the body of the hyoid.

The Ceratohyoideus muscle is a short bundle of fibres which arise from the anterior end

of the hyoid cornu and pass directly transversely to be inserted into the proximal end of the

urostyle.

The Ceratothyroideus arises from the hyoid cornu opposite the upper end of the trachea and

is inserted into the ventral surface of the thyroid cartilage. This is the C2.mv.hy. of Lubosch.

Tlie last two muscles Ue deep to the M. thyrohyoideus.

Tlie i^'rog Mouth Owl is one of the birds in which the fronto -parietal joint functions to permit

of the elevation of the upper beak. The movement is by no means as free as in the Parrots and

Cockatoos, but is quite definite. This form was, therefore, dissected in order to compare its

muscular mechanism with that of those other birds ;
contrary to expectation, there was no trace

of the peculiar modification of the arrangement of the pterygoid muscles which the parrots exhibit.

Before proceeding to the description of the muscles of mastication, it may be recorded that

the otlier muscles present only minor differences from the typical avian arrangement.

Podargus.

(Figs. 172-173.)

M.m, M.pt.l.

M.q-in.

Kisrt. 172, 173.

—

Voda7\,}fS. The muscles of ninstication.
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THK MUSCLKS OF MASTICATION.

In both the Owls and the EagleH the posterior wall of the orbit is made aearly complete

by the extensive post-orbital process. This extends so far ventrad that it closes the temporal

fossa from the orbit and, as a result, when the eye and its mnsclea have been taken from the orbit,

little is seen of the muscles which, in the generality of birds, form its posterior wall. Although

this is so, the muscles of mastication conform fairly closely to the typical avian arrangemeitt

.

The origin of the Temporal and Masseteric muscles is, as usual, from the temporal fossa.

They and the M. quadratomandibularis are so intimately fused at their contactual surfaces that

it is not possible to define them one from the other. Their origin is from the whole of the teniporal

fossa, the front wall of the external aiiditory meatus (here supplied by the extensive post-orbital

process), the roof of the meatus, and the posterior and lateral siufaeos of the quadrate and itn

ai'ticular ramus. Those fascimili arising from the temporal fossa and the walls of the meatus

may be regarded as constitutiiig the M. temporalis. These fibres are inserted into a bifid tendon

whose fan-like proximal ends lie buried in the muscle, and which is inserted, itself, into the inner

side of the mandible abo\'o the foramen for nerve V,S. The mass of fibres which arise from the

outer surface of the more superficial of the bifurcations of the tendon and find their insertion into

the florsal edge and outer surface of a small area of the hinder end of the mandible, may be r-egarde<l

as constituting the M. inassetericus. All the fibres arising from the quadrate and its articulai'

ramus are inserted into the posterior end of the mandible behind and below the insertion of the

M. temporalis tendon. These fibres constitute the M. quadratomandibularis.

A shoi't length of the temporalis tendon is visible below the post-orbital process between the

masseteric fibres behind it and the anterior fibres of the M. quadratomandibularis in front.

The pterygoid muscles are also intimately fused at their contactual surfaces so that they

may not be accurately defined.

The M. pterygoideus externus may be regarded as being constituted by fibres which arise

from the whole of the lateral surface of the pterygoid bone. The fibres converge as they pas»

caudad and laterad to be inserted on to the inner edge of the expanded articular portion of the

mandible.

The M. pterygoideus internus arises from both surfaces of the posterior end of the palatine

bone and, by a small separate head, from the fascia joining the palatine bone to the mandible just

behind the posterior point of contact of the two bones. The posterior half of the superior surface,

the anterior half of the inferior surface, and the whole of the lateral edge of the lauscle arc clothed

by a strong fascial sheath. The fasciculi of the aJiterior portion of the muscle are inserted int€>

the doj'sum of the ventral sheath, whilst the fasciculi of the posterioi- portion arise from the

ventruin of the dorsaJ sheath and are inserted on to the inferior surface of the articular bone and

edge of the mandible in front of it.

The M. sphenopterygoideus is intimately fused with the medial edge of the M, pterygoideus

internus and the inferior surface of the M. pterygoideus externus. An examination of the inferior

surface of the M- pterygoideiLs internus reveals a muscle which, at first sight, appears to be quite

similar to the pars meiiialis of this muscle, as seen in the generality of birds. More careful

examination discloses that the majority of the fasciculi of this muscle arise from the inferior

surface and a narrow area along the inferior edge of the lateral surface of the pterygoid bone.

These fasciculi pass forn^ard to be inserted into the ventral fibrous sheath of the muscle. The
.slieath itself is attached in front to the inner margin of the palatine bone.

Apparently we have here a modification of the pterygoid muscles, whereby the pars medialis

of the internal pterygoid and most of the fibres of the sphcnoptei-ygoid muscle have been con-

verted into a depressor of the upper jaw.

A few perfectly typical fibres of the M. sphenopterygoideus pass laterad and caudad from the

hinder end of the sphenoid bone to the pterygoid close to the ptcrygo-sphenoid articulation.

(Figs. 17-1-175.)

THE MUSCLES OE THE MANDIBULAR SEGMENT.
The Csv.l is of particular interest because it is more definitely divided into the Mm. sub-

mentalis and intermandibularis than in any other bird dissected.

The M. submentalis (Csv.la) is composed of a thin layer of fasciculi which extend uninter-

ruptedly from one mandible to the other. These do not constitute a continuous muscle layer



280 MEMOIRS OF THE AUSTRALIAN MUSELTM.

except at their posterioi- margin, luit each fasciculus is sepai-ated by a ^ipac^e as wide as

the fascicuhiH is Vn-oad. The fibres do aot run straight across but are cur\-ed forward to the

centre.

The M. intermandibulariM (Gsv. lb) is a much thicker sheet of fibres -which ruu dii-ectiy

transversely. Tiie posterior half of these are inserted into a median raphe, the rest are

uninterrupted

.

Both these muscles are inserted deep to the il. hyomandibularis.

The M. massetericus arises from the lower and posterior portion of the temporal fossa and
from the upper end of the otic process of the quadrate. The greater part of the fibres arising

from the temporal fossa are inserted into the upper edge and a narrow area close thereto on the

outer side of the mandible. The deeper of these fibres and those arising from the upper part of

the temporal region are inserted on to the tendon of the M. temporalis, which runs ventrad and
rostrad along the anterior edge of the muscle. Those fibres which arise from the Cjuadrate hone

ar(; inserted into the medial surface of the surangular. above and behind the foramen for nerve V.

Tliere is no cleavage plane between the last fibres ami the posterior fibres of tlie M. pterygoideus

medius.

Figs. 174, 17.'!.

—

Kurifsfofniiti. Ventral mtisrlps.

O.ni., M. ilcprcs-sor maudibulae ; ll.!?l,, M. hyoglorisus ; Hy.nui., M. hyo-

rnniidibularis
;

T.chy., M. iuterceratoliyoidous ; I.hy., M. inloiliyciidciH

;

Mil., nnirosa of the niciith .seen from bplow ; Pt.i., W. pterygoideus int^^rniis
;

S.Iiy., M. stf'iiioliyiii<leiis
;

S.tliy., M. stcinotliyioideus.

The M. temporalis arises from the upper portion of the temporal fossa and from the posterior

sin-face of the post-oi-bital process. The fasciculi are all inserted into a strong tendon which m
inserted into the mandible just above and in front of the foramen for the nerve V3.

The M. quadratomandibularis arises from the lateral surface of the pterygoid process of the

quadrate, and its fasciculi run horizontally to be inserted into the medial surface of the matidible.

The area of this insertion is almost equal in length to the area of origin, but is situated a little

posteriorly to it.

The M. pterygoideus externus arises from the wall of the orbit dorsally and laterally to the

prootic foramen. Its fasciculi are all inserted into a tendon which is inserted into the doi'sal

surface of the mandible just behind and medial to the foraxnen for nerve V3.

The M. pterygoideus medius may be most coiiveniently described in two portions. The

pars posterior arises from the outer surfaces of the body, the processus oticus and the ramus

articularis of the quadrate. The more ventral fibres are nearly horizontal, the more superficial

nearly vertical as they pass to their insertion on to the mandible. This portion of the muscle is

only partially separated from the deep surface of the M. massetericus by a narrow, very strong

fascial baud which extends from the tip of the otic process of the quadrate to the mandible, deep

to the posterior end of the area of insertion of the M. massetericus. The pars anterior arises

from the ventral edge of the pterygoid process of the quadrate in front of and deep to the M. ptery-

goideus externus. The fasciculi run ventrad, caudad and laterad to be inserted, with those of

the pars post-erior, into the dorso-medial surface of the mandible medially to the insertion of the

M. massetericus and behind that of the M. pterygoideus externus.



THE EVOLTn;iON OF THE SKULL—^KESTEVEN. 281

The M. pterygoideuH intei'iius presents the usual avian feature of iiieoaiplete division into

medial and lateral parts. 'J'he pars latei-alis arises from both siufaees of the expa:ided posterior

end of the palatine bone. On the dorsal surface this area extends forward to unflerlie the hinder

end of the nasal capsule. On the ventral surface it stops short a1 the transverse level of the

planum ant-orbitale above it. A plane of incomplete separation between dorsal and x^entral

portions of the muscle is fonned by a delicate fascia which extends back foi- somt! distance in the

plane of the edge of the palatine bone. The pars medialis arises from a medial stri]> of the area

just described and frttm the dorsal, ventral and lateral sm-faces of almost the full length of the

pterygoid bone and from a small area on the side of the prosphenoid just in front of the spheno-

pterygoid articulation. The whole of the fasciculi ai-e inserted into the anterior surface of the

articular bone, without any trace of division.

The M. spheno-quadratus arises from the lateral surface of the sphenoid bone medially to t he

pterygoid process of the quadrate. It is into the medial and pai't of the dorsal svn-fat-e of this

process that all tlip fasciculi are inserter!.

Thk Fifth Xhiivh; and its Bkanch i;s.

The foramen prooticuin comes into view when the last-mentioiied muscle is pulled forward

and medially. The nerves to the temporalis and massotericus muscles pass dorsad and rostrad

against the anterior surface of the M. temitoralis, which lies in contact with the M. pterygoideus

externus. A sensory branch of the fifth nef\ e also emerges froin between these muscles but at a

higher level. The twigs of this sensory hrandi are distributed to the teraporid region of the head.

The nerve to the M. pterygoideus intcrnus runs forward medially to and below the tendon of its

muscle, whilst the main ramus mandibularis runs ventrad and rostrad between its tendon and that

of the M. temporalis. The nerves to the M. pterygoideus externus itself and to the M. ptery-

goideus medius are \'ery short and 7'each their destination under cover of the former.

The maxillary ramus of the fifth nerve emerges between the tendons of this mixscle and the

M. temporalis and then tm'us rostrad superficially to the tendon of the foruier. Tn its further

course across the floor of the orbit it lies upon the dorsal smface of tlie M. pterygoideus internus.

Ab it crosses the M. pterygoideus externus it, of couise. also passes extornally to the more deeyily

placed M. pterygoideus medius.

The " myloid " branch of the fifth ner^'c emerges from the medial surface of the itiaadible

about the middle of the width of the M. Csv.lb and superticially to tliat muscle. Thi-ee twiga

are given to this muscle, and the main branch then continues forward just medially to the medial

border of the M. hyomandibularis. The termliaal branch given four small twigs to the M. Csv.la

and then finally breaks up in front ^f that muscle. No twigs were ohser\-ed to lonninate on or

in the M. hyomandibularis.

THE MUSCLES OF TlfE HYOID SEGMENT.

The Constrictor colli facialis dorsalis (CVid.2) is a thin sheet of diverging fibres, wliich arise

from the fascia dorsalis behind the angle of the jaw, and slightly doj'sal thereto. And spread out

as they pass ventrad, ciirving rostrad, to reach the mid-ventral line below the aiUerioi- end of the

trachea, where they are maert^ed into u median raphe.

The Constrictor' colli facialis ventralis arises from the fascia of the M. depressor mandibulae

and from the postero -ventral and medial corner of the os angulare. The fasciculi run mediad
and curve i-ostrad to bo inserted into a median raphe which lies below the M. intercei'atoliyoideua

which, in turn, lies beneath the extreme anterior end of the trachea. There is no inilication of

any division of this muscle into two parts as in Qalliw.

The M. interhyoideus arises just in front of the origin of the la-st inuscle and partly under

cover of its anteiioi' edge. This muscle arises as a nari'ow thin ribbon compoundotl of much
fibrous tissue, but rapidly inci-eascs in thickness and slightly in width, to form a relatively stout

cord which runs forward and medially to be iiiserted into the lateral edge of the posterior end of

the body of the hyoid and into the anterior end of tho <^ormi just behind its articulation with

the body.

The M. depressor maxidibulae is a perfectly typical avian muscle.

Tho Facial nerve emcT-gos behind the depth of the extei-nal auditory meatus, between the

M. depressor mandibulae and the posterior end of the hyoid cornu, and divides into its se\'eral

branches almost at once. The two n(_M ves to the M. depressor mandibulae are very short and
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enter the postero-medial edge of the muscle. The nerve to the M. Csd.2 runs dorsad and eaudad

along tiie posterior edge of the M. depressor mandibulae, crosses the posterior end of the hyoid

eornu, then, reaching the antei'ior margin of the M. Csd.2, it turns rostrad and ventrad beneath

the mnscle to break up into several fine twigs. The motor nerve to the M. Csv.2 and the M. inter-

hyoideus crosses the muscle-covered hyoid cornu superficially and then runs forward and mediad

along its medial border. The nerve finally breaks up into its terminal twigs on the deep surface

of the two muscles.

The Muscles Innervated by the Ninth, Tenth and First Spinal Nerves.

The M. hyomandibularis is a more extensive muscle than is common amongst the birds and

includes the genio-hyoideus completely fused with it. It arises, as usual, from an origin which

completely clothes the posterior end of the hyoid cornu and extends forward along about one-

third of its length. The fibres run forward and are inserted along a line on the inner surface of

the mandible which extends from just in front of the area of insertion of the M. pterygoideus

internus right forward to the symphysis. Posteriorly the muscle lies deep to the Mm. Csv.2 and

interhyoideus ; anteriorly it is superficial to the insertions and lateral portions of the Mm. Csv.la

and Csv.lb.

Pt.

Kig^. 176-179.

—

Phalacrocorax. Muscles of mastication.

D.m., M. depressor manclibulae ; l.n., internal naris
;

M., M. niassetericus
;

I^vV, the profundus branch of the Vtb nerve : A^v"., the maxillary branc'i of the

Vth nerve ; P., palatine bone ;
Pt., pterygoid bone

;
Pt.e., M. pterygoideus

externus ; Pt.i.l. & Pt.i.m., partes lateralis and medialis of the M. x>terygoideus

internus
;

Pt.iu,, if. pterygoideus medius
;

Qu., quadrate
;

Sp.pt., M. spheno-

]itei-ygoideus : T., M. temporalis.

The M. interceratohyoideus arises from a short line on the medial siu'face of the hyoid eornu

well towards the posterior end thereof. Its fibres spread out to form a relatively thin sheet deep

to the Csv.2. Their insertion is into a median raphe.

The M. hyoglossus arises from the outer, dorsal and ventral surfaces of the anterior one-third

of the length of the hyoid cornu. The fasciculi are gathered into a rounded cord-like muscle

which runs forward, mediad and dorsad to be inserted into the tough fibrous matrix of the tongue,

reaching it, of course, from below.

There is no M. thyrohyoideus present in this bird.
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The M. sternoliyoideus is a long oval ccn-d-iiko muscle wJiich (it is believed) at-ises from the
anterior margin of the sternum and rmis forward beneath the Mm. constrictor colli spinalis,

eonstrictoi-es colli fascialis doi-salis and ventvalis to be inserted by a fine tendon into the postei-o-

medial margin of the body of the hyoid just medially to the articulation of the coriiu.

The M. sternothyroitieus is a similar but slightly thicker muscle wfiich lies Jaterallv' to the
last, and (probably) has a similar or-igin. This muscle is deep to the M. intoreeratohyoideus as

well as to those mentioned an superficial to the la,st. Its insertion is into the posterf>dateral

corner of thti thyroid cartilage.

Phalacrocora .v

.

(Figs. 17»i-179.)

The muscles of ma*itication of Phdacrocorax are of particular interest. They resemble
those of the Lacertilia more closely than do those of any other avian type examined. So closely

do they resemble the muscles of the Lizards that there is no room for doubt as to the serial

homology of the muscles in the two groups, and Phalacrocorax and its allies ser\-e as the interpreter

of the masticatory muscles of the whole of the Aves.

In this bird, as in Pkysignathus, we recognize at once two mahi gr-oups of these muscles ;

one, the tempore -masseteric, lying superficially to the second and third divisions of the \X\\

nei-v'e, the other, the pterygoid, Ij^ing deep to those nerves.

Although three members of the tempore-masseteric group of muscles are quite c'crtaiidy

present, as indicated hy differences in the direction of their fasciculi and of origin and inserti<m.

they are so intimately fused that it is not possible to hidicate with any degree of confidence
what may be the real limits of these three muscles. The three which are present are the Masseter,
the Temporalis and the Quadrate-mandibularis. Of the three the M. massetericus is the most
bulky and most superficial. It arises from a large area of the skull wall beJund the orbit and
extending up to the mid-dorsal line. Its insertion is entirely fleshy. The M. temporalis arises

fm-ther back, extending beyond the posterior limit of the skull to arise from the mid-dorsal
septum. Its fibres run rostrad, ventrad and laterad and are, for the most part, gathered on to a
tendon which bun-ows forward between the fasciculi of the other two muscles to be inserted on to

t-he upper edge of the mandible. The Quadrato-mandibularis muscle arises from the quadrate
and from the skull wall close to it, and its fibres run ventrad to the rnanrlibie. passing deep to

the last muscle.

The M. pterygoideus medius arises, again iii the same sense, quite typically from the pterygoid
bone and its fibres pass nearly horizontally but with an inclination ventrad and caudad to be
inserted into the inner sm-face of the maiidible behind the insertion of the last muscle.

The M. pterygoideus internus, though essentially similar to the lacertilian muscle, introduces

a feature not present m any reptile, but apparently characteristic of, and certainly very prevalent
amongst, the birds. The muscle is incompletely divided mto lateral and internal parts. The
pars lateralis arises from the lateral edge and nppei- surface of the os palatinum. This origin is

largely tendinous and the urferior surface of the muscle is clothed by a membranous expansion of
the tendon. This membrane gives their point of origin to the greater part of the fibres. The
insertion is into the inner surface and lower edge of the mandible far back near the joint. The
pars medialis arLses from the inferior surface of the expanded palatine plate of the os palathium.
The greater part of this origin is fleshy, but there is also a strong membranous origin from tlie

antero-lateral edge of the plate. Here also this membrane clotlies the ventral surface of the
muscle and gives origiii to many fibres. The insertion is into the inferior surface of the laterally

expanded articular process of the mandible. (Note.—In the illustration of the ventral aspect
of these muscles, the artictdar process of the mandible has been removed from the right-hand
ma.ndible. in order the better to display the other muscles.)

The M. spheno-pterygoidens arises from the wall of the skull. low down along a line

immediately dorsal to the level of the pterygoid bone. The fibres pass nearly horizontally caudad
and laterad to be inserted into the pterygoid bone and into the shaft of the os quadratmn.

There are here two completely fused muscles, the M. spheno-pterygoideus and the M. levator

quadrati. We are enabled to make this statement at this stage because dissections upon other
avian tyy»es Iiave shown that both muscles are usually present. We may also remark that a
M. pterygoideus posterior is also quite well cHfferentiated in .some birds.
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CalyptorhynchuSf Cacatua and Polytelis.

(Figs. 180-184.)

Tiio musclPH of ina.stication of the parrots and cockatoos differ markedly from those of the

fowl an<l the heron, and are pecuHar.

The Masseter muscle is an extensive sheet of fibres which arise fi"om the qiiadrato-jugal

arch, from the fascia attached to the lower margin of the sub-ocular portion of the pre-orbital

bone, atid the post-orbital process, and from a fascia which is attached above to the inferioi^

margin of the last process and below to the upper margin of a short pre-otic process. This

extensive muscle encloses almost the whole length of the quadrato-jugal bar within its thickness.

Its deeper fibres arise from the fascial sheets deep to the bar, whilst its superficial fibres arise

from the fascia superficial to it.

The fibres are inserted directly upon the outer surface of the mandible along a lino which

begins close to the inferior margin and runs diagonally upward and forward to end close to the

upper margin just beliiud the angle of the gape.

lSO-182.

—

Vnhipturhrfnrhm. ilusclos of masticiitioii, lateral view.

D.M., M. depre.ssor iiiainJibiilsu!
;

Lv.q., M. kivalor {]uarlrati ; !St. massetoriciis ; Pal., palatine

bone; rt., pterygoid bone; Vt.e., M. ptoryffoideus oxtenius ; Pt.i.I. tt Pt.i.ni., partes lateralis

and inedialis of tlie M. pterygoideus internus ; Pt.m., M. pterygoidous nifidius
;

Pt.p., ls\. pt-ory-

KoideUi^ posterior
;

Sp.pt., M. sjihenopteiyf^oidcus
;

T.j M. temporalis.

Kiii. IS'^.—Cafi/jdoriii/nchus. Muscles of mastication, media! view.

For explanatory letters see Figures 180-182.

Fig. ISl.

—

i (ilyptorhunckus. 'I'lio Mm. levator tjuadrati and sp!ionopt('ryuoi<leiis ween fVcmi tfie

lat* ral side.

Tlu? Temporalis is a longer ajid narrower muscle which ai ises from a shallow do]jressiou upon
the side wall of the skull below and behind tho j)08t-orbital process. The most posterior and
inferior fibres take their origin from the side wall of the skull above the upper edge of the area of

origin of the M. depressor mandibulae. The direction of the fasciculi is ventrad, rostrad and
Jaterad, and, as the muscle passes toward its insertion, on to the upper edge of the mandible Just

behind the upper limit of the insertion of the M. massetericus, it grows thinner and its fasciculi

are all inserted into a fine tendon which in turn is inserted on to the edge of the mandible.

The Quadrato-mandibularis muscle arises from the anterior surface of the ascending body of

the quadrate bone and from the skull wall above and in front of it. It is a relatively thick sheet

of fasciculi which pass ventrad with an inclination rostrad and laterad to be inserttul into the

upper edge and outer surface of the mandible under cover of the M. massetericus.

The Pterygoideus externus muscle is exceedingly well developed. It is a solid muscle of

triangular outline and considerable thickness. It arises from the upper part of the surface of the

strong bony int-orbital septuiu and from the under surface of the roof of the slaiU. It is. in
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dacatita and Calyptorhynchits, but not in Polytelis and other small parrakeets, incompletely

divided into two heads. Of these the larger and more anterior arises from the septum, the other

from the skull roof. The whole of the fasciculi are gathered into a short tape-like tendon which
is inserted into a tubercle upon the inner surface of the mandible a little distance below the upper

edge. This tubercle is the upper end of a, ridge which marks the anterior limit of the insertion

of the internal portion of the M. pterygoideus interxms.

The Pterygoideus medius is a quite small, spindle-shaped muscle which arises from the

wall of the skull immediately below the post-orbital process. Its fibres are gathered into a
thread-like tendon inserted mto a small tubercle developed at the anterior end of the ridge

which is continued forward from the shelf on whieh the articular fanet is placed. This tubercle

is placed about the middle of the depth of the inner surface of the maiidible a little way in front

of the raid-point between the posterior end of the ramus and the posterior end of the gape.

A quite separate Pterygoideus posterior is developed. This is a small sheet of fibres which
ai-ise from the inferior edge of the anterior process of the quadrate bone and pass back to be

inserted on to the ridge which passes back and down from the articular process of the mandible.

The Pterygoifious internus is a most massive muscle and must be described in two parts,

lateral " or internal and " medial " or external. The Pars later-ali-; arises by fleshy fibres from
both the internal and extenial surfaces of the mandible. The areas of its origin are approxi-

mately similar to and opposite each other, and are confined to the posterior end (see Figs. 180-183.

Pt. i). These fibres converge towards the ii:iferior edge of the mandible as tiiey pass ventrad

and rostrad, and are there gathered on to a fascia upon the exposed surfaces of the muscle. The
fascia finally becomes a short narrow tape, which is inserted into the antero-inferior spur of the

palatine bone.

The Pars medialis is a mass of relatively short fibres which arise from the lateral surface of

the OS palatinum and pass ventrad and caudad to be inserted into an extensive area upon the

inner surface of the mandible. Of these fibres, those which arise from the upper end of the

palatine bone gather, with those behind them arising along the postero-superior margin, into a
relatively thick fleshy strand which is inserted on to the inferior surface of the outstanding

articular process of the mandible. In Fig. 182 the muscles are shown as though the mandible
were transpai'ent, and practically the whole of the umer surface of it over the area occupied by
the parallel lines used to indicate the pars medialis of this muscle (T't.i.s.) affords attachment to

the muscle, whilst the portion of the palatine Ijone encroached upon by those lines indicates the

area of its origin.

The Spheno-pterygoideus is another particularly ma-ssive nmscle in these birds. It arises

from the lateral wall of the skull, low down^ below the otocrane a,ud forwai*d from this site to

the posterior end of the int-orbital septmn, where that fuses with the rostrum bastsphenoidei.

l-'rom this origin the fibres pass horizontally forward to be inserted int(j the full length of the

pterygoid bone, and. passing beyond that bone anteriorly, inttj a sulcus along the postero-superior

mai'gin of the os palatinum in its upper half. This portion of the muwele, in its passage antero-

laterally beyond the os pterygoideum, encloses that bone entirely.

The Levator quadrati muscle is a well developed bundle of fasciculi which arise from the side

wall of the skull ventrally to the origua of the M. pterygoideus medius and pass ventrad with an
inclination laterad and caudad to be inserted into the upper edge of the sh(n-t anterior process

of the OS quadratmn.

The Depressor mandibiUae raandibularis is a short rounded bundle of fasciculi wliich take

their origin from the skull immediately behind the posterior limit of the origin of the M. spheno-
pterygoideus and pass dh'ectly ventrad to be inserted on to the upper surface of the inner part of

the shelf behind the articular process of the mandible. \n Polytrlis and other small parrakeets

I find that this muscle lies horizontally, and that its fibres pass from their origin directly forward
to be inserted on to the inferior edge of the articular process itself. In the larger cockatoos the
insertion of this muscle is immediately in frojit of the M. depressor raandibidae and median to it.

As the two muscles pass downward to their respective insertions they con\'erge, and one gains

the initial impression that one is in the presence of two heads of tJie M. depressor mandibulae.
This muscle is, however, innervated by a twig from that nerve which innervates the spheno-
pteiygoideus muscle, whilst the M. depressor mandibulae is, of com-se, innervated by the Vllth.

A featm*e wherein the M. pterygoideus externus of the parrots and cockatoos differs from
that of all the rest of the Sauropsida, or for that matter from all the vertebrates other than the
fishes, has deliberately not been mentioned in the above description because T have deemed
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it so important as to call for separate attention. It in tliat the muscle, at its origin, lies antei'iorly

to the optic nerve, and is to that extent pre-orbital. To my mind this is a featm-e of prime

importance, because on© of the strongest arguments against the acceptance of my contention,

that the M. levator labii superioris of the .sharks and rays is the horaologue of the pterygoid

group of muscles in the higher vertebrates, is the pre-orbitai situation of the shark muscle.

Now, its situation deep to the second and third branches of the Vth nerve leaves us no doubt

whatever that this muscle in the parrots is one of the pterygoid group. Its pre-orbital situation

in these birds is proof positive that it is possible for a pterygoid muscle to have a pre-orbital

origin. If we are able to accept as an accomphshed fact the forward migration of a muscle post-

orbital in other birds, there can no longer be any reason to doubt the possibility of a caudal

migration of the same muscle in the progress of the modifications in masticatory mechanism

which took place as between the fishes and the higher vertebrates.

Review.

Besides the birds whose musculatuie is described with moi'e or less detail in the preceding

pages, the following have been dissected : Ctntropm, Hypotamidia, Halcyon, Struthidia, Nycti-

corax, Strepera, Anhinga, Corcorax, Anas and three unidentified Eagles. In all, twenty-one birds

have been dissected. In addition, a miinber of late embryos have been studied in serial sections.

This selection of birds covered, it is believed, a completely representative series, so that one

is justified in belic\'ing tliat a composite pictiu'e based upon the common arrangemetit of the

muscles in these, and omitting the isolated variations, may be regarded as presenting the typical

avian ari'angement.

Such a composite ]>icture would reveal the following featui-es ;

THE MUSCLES OF MASTICATION.

Tliese are divided into two groups, one superficial to the second and third branches the

fifth nerve, the other deep to those nerves. The superficial group would be divisible intt)

massetericus, temporalis ajid quadratomandibularis muscles. Of these the first would be the

most superficial and the last the deepest. The second group woiild be divisible into external,

median, and interna] pterygoid muscles and a spheno -pterygoid muscle.

The only superficial consti-ictor muscle iimervated by the fifth nerve coimiionly present

would fie the Csv.lb. This would be found to be attached to the mandibular ramus dec]> to tde

line of insertion of t he hyomandibidaris muscle.

THE MUSCLES OF THE HYOID SEGMENT.

The constrictor colli fascialis dorsalis (Csd.2} would be found to be a relatively poorly

developed muscle whose line of origin from the fascia dorsalis was placed just a little above the

mid-latei'al line.

The con.striotoi- colli fascialis ventralis (Csv.2) would present itself in two portions, both

arising from the post-articular lateral surface of the mandible and inserted, one beneath and

slightly in advance of the other, into a, mid-ventral tendinous intersection beneath the larynx

or just in front of it.

The interhyoideus muscle would be found to arise just in front of the last two muscles and

to pass forward and modiad to an inseition into the body of the hyoid or the hyoid coriiu just

behind it.

The depressor mandibulae mus(-!o would lie found to be comparabk^ to the pars cephalo-

gnathica only of the i-eptiles.

THE MUSCLES INNERVATED BY THE NINTH NEKVE.

The M. hyomandibnlaris would be foimd to arise from the hinder end of the hyoid cornu and

to be inserted into the inner surface of the mandible, superficially to t he jtosterior portion of the

Csv.lb. It would also be found to be superficial to the Csv.la when that muscle is present. &,nd

tins extending so far forward.

The M. geniohyoideus arises from the lateral aspect of the fore ejid of the hyoid cornu and is

inaert/ed into the fibrous tissue of tho ventrum of the tongue.
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The M. iliterceratohyoideus lies deep to the Csv.2. It arises from one cornu and is inserted

into a median raphe in which its fibres meet their antimei-es. In certain birds, e.g. Dromaeus^

this muscle is divided into two portions.

A M. thyrohyoideus is present in some birds, in others, appai-ently, its place is taken by the

sterno -pharyngeal muscles.

So much, then, for what may be regarded ay the typical arrangement of the avian cephalic

muscles, but the departures from this " norm " are not without interest.

A typical M. Csv.la appears to be present in Eurystomas.

In the cormorants, PJuilacrocorax and Anhinga, and in some other birds, not so closely

related but with equally long and narrow beaks, e.g. Nycticorax (Fig. 185) there is no deep layer

to the Csv.2 and the anterior fibres of the superficial layer are woven through those of the opposite

side, so that they appear to be woven through the posterior fibres of the Csv.l (Fig. 185) and to

be continued on to an insertion into the mandible deep to the M. hyomandibularis. In tiiese

forms one also notes that the Csv.l is more extensive than is usual.

Kig. 185.

—

Nj/rHcorax. Tlie \eiitiJtl superficial miiRcIe*^.

It has not been possible to determine the limits of the Csv.2 and Csv.l in tliese birds by the
experimental method, but it is improbable that the Csv.2 fibres are really continued forward
and across the mid-line. In Eurystonms the M. Csv.2 resembles one only of the two layers
commonly present.

The variations in the muscles of mastication though (except in the parrots and their allies)

never very extreme have, as a matter of fact, provided the means to the identification of the
several muscles in the group. For it was only the occasional complete definition of one or more
<.)f the members of the group in various birds, which permitted the definition of the muscles in

those birds in which the various muscles were more or less intimately fused.

COMPARISON WITH THE MUSCLES OF THE REPTILES.

It has been possible to recognize all the main divisions of the masticatory muscles found
in the reptiles. The M. retractor anguli oris alorie is missing. It will be remembered that it was
not present in those reptiles in which the covering of the face region was rigid. That it should
not be present in the birds is peculiar ; they have, covering the face, a skin which is freely movable
upon the deep fascia. Reviewing the reptilian muscles, it was suggested that the M. reti actor
anguli oris might, perhaps, be that portion of the temporo-masseteric muscle which, in the Bony
Fishes and in the tadpole of the frogs, functions as a depressor iabii superioris. If that should be
the fact, then it is further suggested that its absence from the Aves might be explained on the
assumption that they have been evolved from forms with rigid face covering.
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Although a Csv.la has been identified in the Dollar Bird, Eurystonnis, it is not quite certain

that this is not merely an anterior portion of the Cyv.lb. The reason for the identification

adopted is : it was found that in the generality of the birds, when the Csv.lb is continued far

forward, its fasciculi were not continuous from side to side but were inserted, in the typical

manner, into a median, raphe. On the other hand the anterior fibres of tlie Csv.lb in E^irystomuH

itself are uninterrupted in the mid-line.

Tliere is, however, still anothei* interpretation to be placed upon the whole muscle in the

Aves. There is no doubt that this muscle is inserted more dorsally than is the Csv.lb in the

Reptilia, and in view of the fact that in some of those the Csv.la fibres were interrupted at the

mid-line, it is not entirely unreasonable to suggest that we have here only the Csv.la. Though a

possible alternative interpretation of the muscle, it is not adopted here.

AI! three of the reptilian muscles of the hyoid segment are cortstantly present in the Aves.

The division of the Csv.2 into two layers is of particular interest, as we shall find when we

corae to inquire into the origin of the posterior belly of the <ligastric muscle and ti^e M. stylo-

hyoideus in the Theria.

Turning now to the muscles innervated by the aint-h norve, wc find that the question of their

identity has been complicated by a further reduction in the branchial skeleton. At first sight

it seems obvious that the muscle which, in the Aves, we have designated the M. hyomandibularis,

must be completely homologous with the M. thyreomandibularis of the Reptilia. On the other

hand there is quite a possibility that it is that muscle in complete fusiou with one or more of the

juxtaposed muscles.

It was this difficulty, and uncertainty in the identity of the avian muscles which caused

me to give them designations other than those used in the work on the reptilian muscles.

THE LARYNX AND ITS MUSCLES.

Uro}naens.

(Figs. l8fi-lS7.)

{a) The Cartilages.

The Thyroid is a complete lioop of cartilage which is split in the mitl-linc dorsally and rejoined

by fibrous tissue. The ventral plate of the hoop is nearly thi-ec times as deep antero -posteriorly

as the dorsal plate. As the use of the term " plate " probably implies, the hoop is dorso-ventraliy

flattened, and the lateral portions taper from the broad xentrura to the narrow dorsum. As

indicated in the figures the dorsal plate is situated behind the caudal margin of the \'entral plate.

Aiitei'iorly, the ventral plate is produced into a short spathulate process.

Kig. 186.—Thf larynx of Dromaei's in median sagittal section, sejin-iiiaarannnatic.

A., arytenoid eartiUiKe ; I.t., inteitliyroid cartiiage ;
TIi., thyroid cartilage.

Fig. \S1.—TJro7}iaf>M8. Dorsal and ventral view of tiie larynx, liyoid siteleton and related muscles.

A-i., M. arytenointprthyroideus ; D.I., M. dilator laryngis ;
M.h.hy.. M. liypohyalls ; P.l.a., M. protractor la ryngis

anterior ; P.l.p., M. protractor laryugis posterior
;

T.a., M. thyroarytenoideus (eonatrictor laryngis) ; T.i., M. thyro-

intcrthyroidcu-*.
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Tlio Intorthyroid is a small plate of cartilage wliicli is articiilate<J to the interior niargiji

of the split ventral plate. The area of this articulation is increased by sinuation of the edge

of the thyroid, so that the interthyroid is let ijito the sinuation. The base of the little cartilage

is relatively thick at the place of articulation, and from this it tapers as it projects dorsad and
rostrad.

The Arytenoids are two plates of cartilage, flattened iii the coronal plane of the head, bnt

with a concavity on the ventral surface and a thickened medial border which forms a ridge

ventrally. Their shape is clearly shown in the fignros. Tliey aiticulate with the antero-lalcral

corners of" the interthyroid.

(h) The M7wcle^\

(i) The muscles ^noving the larifnx an a whola.—M will have been obviona that there are certain

of the muscles which ai-e innervated by the ninth nerve which must act to carry the larynx to and

fro with the hyoid apparatus. In addition to those, there are several small muscles which act

to move the larynx in relation to the hyoid skeleton.

The M. protractor laryngei anterior ai'iees from the dorsal surface of the lateral edge of the

hyoid body in front of 1 he larynx, and is inserted into the lateral cm-ve of the ventral plate of the

thyroid.

The M. protractor laryngei posterior arises from the hyoi<i cornu, along a length which is

placed anteriorly to the posterior end of the larynx, and is inserted into the lateral curve of the

ventral plate of the thyi'oid behind the line of insertion of the last muscle.

The M. abductor cornu hyoidei is an adjuvant to the last muscle. Jt arises from the ventral

surface of the lateral edge of the anterior end of the hyoid body, below the ai'ea of origin of the

M. protractor laryngei anterior, and is inserted along the outer and dorsal surfaces of the anterior

end of the hyoid cornu. Acting alone, it would abduct the comu but in conjunction with the

M. protractor laryngei posterior it would ensure that that muscle pxdled the larynx forward

instead of merely abducting the cornu.

Attached to either side of the ventral surface of the anterior tip of the hyoid body there are

two little rods of cartilage. These have been provisionally designated hypohyals. From each

of them there arises a small sheet of muscle fibres which pass mediad and rosti-ad to be inserted

into the deep surface of the thick mucosa of the undei- side of the anterior end of the tongue.

The anterior end of the hyoid lies m the butt of the tongue. This muscle can only function to

keep the hyoid in position relative to the ventral mucosa.

(ii) The Intrinsic Mub-cles oj the Larynx.—'Yh& M. thyro-arytenoideus arises from the dorsal

edge and latei"al surface of the anterior portion of the thyroid cartilage and runs caudad and

laterally to be inserted on to the arj^tenoid cartilage along a nan-ow area on the venti-al surface

close to the medial edge.

The M. aryteno-interhyoideus arises fi'om the dorsal surface of the arytenoid cartilage over

an area towards its posterior end. The fibres converge to be insertred into the edge and half the

anterior surface of the interhyoid.

These two muscles, acting together, act as a constrictor laryngei.

The M. dilator laryngei arises from the whole of the ventral sm'face of the arytenoid cartilage

not occupied by tho last muscle, and is inserted on to the dorsal plate anti contiguous surface of

the postero -lateral part of the curve of the thyroid cai tilage.

The M. thyro-interthyroideus arises from a small area alongside the fibrous junction of the

two halves of the thyroid cartilage and is inserted into tho posterior surface of the interthyroid

cartilage close to the articulating base.

General Discussion.

The larynges of a number of other birds were dissected, but the Emu was selected for detailed

description because its peculiar arytenoid cartilage has caused the almost complete separation of

the Mm. aryteno-hyoideus and dilator laryngei and permits their clear description.

In the great majority of the birds the arytenoid cartilage presents its siU'faces medially and

laterally. The dorsal edge is usually convex whilst the ventral is straight, the cartilage is plate-

like and curved, with the convexity laterally placet!. All the intrinsic musclew take their origin

from, or are inserted on, this surface, covering it completely.
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In most caHe.s the superficial imiscles are the two constrictors, the aryteno-interhyoideus

being placed medially to the othei-. The dilator Is usually co\ ered by these. The only departure

of importance from the arrangement of the musclen as seen in the Emu is that it is not uncommon
for the jnore sviperficial fibres of the dilator muscle to be continuous with those of the muscle of

the other side, crossing behind the interhyoideus cartilage and superficially to the little thyro-

interhyoideus muscle.

The laryngeal skeleton in all the examples examined presented the same cartilages as in the
Emu. In several instances it was found that the interhyoideus cartilage was interposed between
the two arms of the thyroid separat ing them completely. In not a few birds this little cartilage

was ossified. No ossification was observed in any of the other oartilages.

SUMMARY AND REVIEW OF SAUROPSIDAN MUSCLES.^
THE MUSCLES OF THE MANDIBULAR SEGMENT.

Two ventral superficial constrictors ai'e constantly present. The M. submentalis (Csv.la)

lies fai- forward between the mandibular rami ; it may be completely araphie so that its fibres

extend uuinteriuptedly from one side to the other, as in the crocodiles. This is probably the
primitive form of the muscle, since it resembles that of the fishes and amphibiann, but if we are
correct in regarding the raphic form as completely homologous with it, then this latter becomes
the more important foi* our future studies, l^ecause tliere is no araphie muscle between the jaws of
the Therians. In this connection an important fcatui-e of its location is that it always lies more
deeply than the M. intermandibrdaris. Though, of course, the Ophidian muscle is not ancestral

to any in the Theria, the form of the submentalis in the Snakes is of particular interest. It

presents the extreme modification of the Taphic form of the muscle, and the fact that the muscle
has taken an almost antero -posterior directioti in these i-eptiles must be accepted as evidence
that such a modification was not an impossibility in the Theria. It is also important to recall

that theM. submentalis is innervated by a branch of the fifth nerve independently of the M. inter-

mandibularis.

The M. intertnandibularis (Csv.lb) presents a division into anterior and posterior portions

in some reptiles, but there is not the coirstancy in this subdivision that there is in the subdivision

of the Csv.l sheet as a whole, that is into Mm. submentalis ami tntermandibularis. Further
than this the manner of this division of the M. intermandiliularis is not one which may be regarded
as inherited from the fishes or amphibians, but. i*ather, it should be I'egarded as a peculiar special-

ization in those reptiles in which it appears. This is important, because it might well be that if

this subdivision of the M. intermandibularis had to be regarded as an inherited feature carried

down from the elasmobraneh fishes, then the expectation would be that such a feature would
be portion of a muscular pattern so firndy estahlisherl in the eoui'se of evolution that it should be
looked for in further evolutionary changes in the Theria.

There is no doubt that the posterior of the portions of the M. intermandibularis in the

majority of the LacertUia closely resembles the posterior portion of the muscle in the Selachii.

Lightoller, whose reptilian examples all presented this division of the muscle, designated the

posterior portion " pars extramandibularis which term iie liad also applied to the posterior

portion in the Selachians. This pars extramandibularis, however, is found only amongst the

Lacertilia and in Sphenodon. Study of the development of several Lacertilians (Physignathus,

Tiliqua, Lygosoum, Varanu.s atid Diporopherus) reveals that the interman<libvdar muscle develops

as a single sheet attached on each side to the medial face of the mandible throughout its length.

Later, as the M. pterygoideus internus increases in bulk and extends its area of attachment below
the posterior end of the mandible and then up over its external surface, the origin of the posterior

portion of the M. intermandibularis is carried with it. This extramandibular origin for the muscle

is, then, a peculiar, individual, ontogenetic and secondary character, of no phylogenetic

significance.

THE MUSCLES OF MASTICATION.

Of partieulai- interest was the discovery of most of the muscles of this group which were
found in the Anura. The persistence of this pattern, of which we can now recognize some indica-

tion anioaigst the Selachian representatives, a further progress in certain of the bony fishes, and

* TliH avian coiidiiions h.nve boca eoinpared with the reptilian tui tin- previous pages and in tiip. lolloping review
they will not hr hicludi'd.
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the very definite inception in the CJrodela, must surely mean that it had by this time become a

fixed pattern in the arrangement of the vertebrate muscles of mastication. We anticipate

finding, at least, the main features of this pattern pieserved in the Therian arrangement.

The M. retractor anguh oris of certain of the reptiles may be simply an individual peculiarity.

On the other hand it must be recognized that it is not without fairly close resemblance to the

protractor labii superioris of the bony fishes and of the anuran tadpole. In all these it is a super-

ficial portion of the temporo-masseteric mass. It is, therefore, just possible that it is in reality

the complete homologue of that muscle : beyond question it is completely analogous, but, tliough

itfi derivation is the same, or at least very similar, it may yet be only a parallelism and not an
homology.

THE MUSCLES OF THE HYOID SEGMENT.

The Superficial Constiictor (Csv.2).—Neglecting, for the moment, the anterior portion

of this, which, as in the Amphibia, has been modified to act as a post-articular levator mandibulae,

this sheet presents a fascicular continuum from the mid-dorsal to the mid-ventral line. In some

reptiles the sheet is in two layers and the fibres of the deeper layer swing forward below the ramus
of the lower jaw and extend some distance before being insert-ed into the superficial fascia super-

ficially to the Csv.lb. The question arises in connection with these fibres, as to whether they

are not a pai-s notognathica of the M. depressor mandibulae whose insertion has been transferred

to the ventral fascia.

Behind the Cs.2 there is commonly an extensive superficial constrictor which is imiervated

by spinal nerves. In some reptiles the line of partition between the " M. Constrictor Colli FacialiK
"

and the *' M. Constrictor Colli Spinalis " is quite definite. In other forms it is Impossible, by

dissection, to define these muscles, one from the other. Experimental work, howe\*er, demon-

strates that there is no portion of the two muscles with dual motor innervation.

The M. Depressor Mandibulae.—LightoUer's designations, partes cephalognathica and

notognathica, have been used again for the divisions of this muscle, but his homologies for the

two parts are not unreservedly accepted. The majority of the i-eptiles have both portions of the

muscle well developed, but a largo minority have only the pars cephalognathica. Certain of the

Lacertilia which have only the pars cephalognathica preseiit that division of the Cs,2 into two

layers, and LightoUer has suggested that the deeper layer is the pars notognathica of this muscle,

with a transferred insertion. The suggestion appears entirely reasonable. It is not uncommon
foT- the pars notognathica to lie deep to the Cs.2 at its insertion. Whether this be the correct

interpretation of this deeper portion of the Cs.2 or not, it is of particular interest to be able to

record, quite definitely, that a portion of the superficial facial constrictor sheet has shown itself

capable of taking up an almost antero-posterior direction. Such a modification, and such an

extension forward of this sheet in a reptile prepares the way to the recognition of part of the sheet

in the Theria.

With reference to the derivation of the pars cephalognathica, the discussion on the homology

of the muscle in the Amphibia will apply equally to that of the Reptilia.

The M. interhyoideus.—^This muscle has been recognized in the majority of the reptiles

studied. Peculiarly, it is not present in either of the two Lacertiiiana studied by LightoUer

(1939), although well developed in some other lizards. Its absence from Tiliqua and Vatanua

associated with the peculiar pars notognathica suggest-ed, at once, that this latter was the M. inter-

hyoideus. As against that identification it is to be remarked that the M. interhyoideus in the

remainder of the Sauropsida arises further forward (from the angle of the jaw, Lacertilia.

Sphenodon and Aves, or from the ceratohyoid, Chelonians) and is always inserted deep to the

superficial sheets. The Crocodilia are peculiar, amongst the Reptiles, in that they have the

primitive, expanded form of the muscle, arising and inserted deep to the superficial C3.2.

THE MUSCLES INNERVATED BY THE NINTH NERVE.

It is not intended to i-eview these muscles at length
;
they have been mtroduced here only

to stress the fact that experimental investigation failed to demonstrate any fifth ner\'e motor

supply to the supei*ficial longitudinal hyomandibular muscles. Tliis work was carried out with

Tiliqua, Varanus, Chelodlna and Gallvs. In every instance motor response to fifth nerve stimula-

tion was obtained from the Csv.lb, and Csv.la, if present, but none from the longitudinal muscle.

The importance of these observations will become apparent when we are discussing the

homologies of the Digastiie muscle.
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REVIEW OF THE SAURIAN MUSCLES.
This review, originally written before the Therian work was commenced, has been rewTitten

because it was felt that the features which have been deemed of pai-ticular significance in their

bearing on the intei'pretation of the Therian muscles sliould be drawn attention to at this stage

of my work.

Unlike all the other reviews of the pre\'ious sections this one looks ahead insteaxJ of only

backwards.

THE MUSCLES OF THE MANDIBULAR SEGMENT.

Probably one of the most interesting and important i-esults of the investigation of the muscles

of the Keptilia has been the discovery that the M. submentalis is very constantly present. This

muscle first made its appearaiice in the Selachii, where it was recognizable- in some forms only,

as an anterior portion of the Csv.l only in that its fibres were araphic. Throughout the Bony

Fishes the muscle was found to be of very constant occurrence and al\\ ays to lie deeply to the

rest of the Csv.l. Again, in the amphibians, though but pooi'ly developed in many instances, the

muscle was very constantly present, its fibres were araphie, and it was situated deep to the

remainder of the intormandibuiaris muscle. Here in the reptiles the muscle is always placed more

deeply than the Csv.lb and also deep to the insertion of the ventral longitudinal muscles. Its

fibi'es may be araphie or they may be inserted into a median raphe. They may run directly

transversely or they may have a very marked caudal trend. This last feature is most marked

in the Ophidians,

The M. intermaiidibularis does not present any division into anterior and pt>.sterior portions

except in certain of the Lacertilia. In these particular fomis the growth of the M. pterygoideus

inteiTius around and on to the external surface of the mandible ha« carried the origin of the

M. intermandibularis up on to the outer surface of the same bone. This portion was regarded

by Lightoller (1939) as being homologous with the pars extramandibularis of the Selachian

muscle, and he accordingly applied to it the same designation. ^Vhil8t the homology is, in all

probability, just as Lightoller believed, the extraniandibular origin of the muscle is quite

adventitious, certainly in these Lacertilia, and proI)ably also in the Selachians, so that a separat-e

designation appears undesirable, because it may tend to give undue weight to a secondar\

character which is not of phylogenetic significance.

More important than this occasional extramandibular origin is, apparently, the occasional

marked antero-posterior direction taken by the fasciculi of the muscle. This is not regarded a.s

phylogenetically important because it has been handed on to the Theria directly, but because it is

definite evidence that the muscle was capable of being modified to take up the direction we

believe it to have taken in the Therians. There is no doubt whatever that it is the Csv.lb which

in certain of the reptiles has been thus modified, therefore, when, in the Theria, wo meet a muscle

which on other groimds may be regarded as a modified Csv.lb, the fact that its fasciculi t^ke a

direction nearly parallel to the ventral longitudinal muscles cannot be counted as evidence

against its recognition as the Csv.lb.

THE MUSCLES OF MASTICATION.

Throughout the Sauria these present theinselves ui the same two groups we l^ecame familiar

with in the lower Vertebrata, and more especially in the Amphibia. One group in fi'ont of and

deep to the second and third rami of the trigeminal nerve (or behind those nerves as a result of

their area of origin having been extended back along the base of the skull and/or the pterj-go-

palatine arch) and the second group superficial to those nei-ves.

This constant division of the muscles of mastication cannot be regarded in any other way

than as an inherited character of phylogenetic importance and it will b© thus that we must regard

it in our study of the muscles in the Therians.

There has been a tendency in the past to homologize the Therian muscles with those of the

lower Tetrapoda on the evidence of their origin and relation to one another without reference to

the nerves (see especially Brock, 1938). We have now followed the varying relations of the

muscles to one another and their varying areas of origin throughout the whole of the lower

Tetrapoda and have found these to have extended beyond the limits set by sut^h a basis of cla.s^*!-

fication. The wide variation in the Aves, remembering partitmlaily the cockatoos, and the

Keptilia, with special emphasis on the crocodilian conditions, was of such a graduated kind
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that w© were always able to recognize, with confidence, not only the homologous groups but also

the homologous muscles within those groups. Repeatedly the relations were such as would run

counter to the suggested ba^is of classification of Brock.

It in, however, of interest to ol^.serve that this other basis uf classification would be found to

lead us, in the Thorian studies, to the identification of the same two grovips and individual nniscles,

as would the identification by reference to their relation to the nerves.*

MUSCLES OK THE HYOID SEGMENT.

Perhaps the most interesting and significant fact which emerges from the study of the h>oid

muscles in the Saurians is that no settled plan of their relations to contiguous skeletal or muscular

structures has been evolved. Amongst tlie component muscles, the pars cephalognathica of the

M. depressor maudibulae is the only one which presents constancy of shape, origin, insertion anrj

location generally. It was foimd that the faseicuH of the Csv.2 may run ventro-mediad without

any obliquity, or they may take a marked rostrad inclination. They may be confmod to the

region of the neck behind the mantlibles, or they may sweep forward between those bones for a

considerable distance. They may be inserted in scries with the Csv.lb or they may be inserted

either deeply or supei-ficially to that muscle. Finally the fasciculi may he aiTanged in a single

or in a double layer. The muscle may ar-ise as a continuous sheet from the dorsal fascia, or its

anterior portion may arise more ventrally from other structures.

The M. interhyoideus may, apparently, be absent altogether or, in the alternative, be so

moditied and incorpoi-ated into other muscles that it is unrecognizable, or it may be well developed.

When present it may arise from the ceratohyoid anywhere along its lerigtJi, from the middle t<.»

the extreme tlistal tip, or being transferred to cranial structures, may arise from the otocraue.

the quadrate or the post-articular piece of the mandible. It may he inserted superficially, in

series with the Csv.lb and/or the Csv.2, into a mid-ventral raphe, or deeply to those muscles,

either into a median raphe or to some part of the hyoid skeleton.

It is, moreover, of particular interest to observe that these variations aie not characteristic

of the several gi-oups. Similar arrangements were observed in unrelated forms and dissimilarities

in related.

In most instances it was not difficult to i-ecoguize the con-elation of the observed arrangement

of the muscles with an underlying modification of the skeletal structures or modification of

the tongue. These characters in turn, however, were not. recognizably, of phylogenetic import-

ance, but appeared to be individual variations.

The conclusions which one di'aws from these observations is that the Saurians have not j'et

i-eached stability of organization. They must still be in a plastic condition, and if this be so, then

even more strongly must the same conclusion be expected to have applied to the Theriodontia.

If the musculature of the Theriodonts was in a plastic condition, then it would have readily

been adapted to the profound modifications in the jaw articulation which took place in the

evolution of Theria. It is of interest to note that in the course of those skeletal modifications

the area of insertion of the only stable muscle, the pars cephalognathica, took up a completely

new position. Thus was the way made clear for a complete rearrangement of the hyoid muscles.

Thus far we can carry oxir study of the comparative myology of the vertebrate head with a

high degi'ee of confidence that we have correctly identified the successive modifications of the

primitive piscine muscles, but it is with fai- less confidence that we offer identifications of the

components of the nine-twelve nerve-muscle associations.

Amongst the higher Tetrapoda the identification of these muscles is complicated hy intra-

cerebral nerve fasciculatioTi {Kappers and others) and extracerebral nei*ve anastomoses, which

have more or less conipletcly obscured the original nerve-muscle pattern. The complications of

t,his problem have recently been stated by Brock (1938). As she states, apparently identical

muscles, functionally and topographically, " are quite distinct in origin and imierv^atiou

It is not proposed to discuss these muscles here ; that discu.ssion will be taken up when we

can include in it the mammalian muscles (see page 306).

* Llghtoller's derivation of the M. pterygoldeus from the levator maxillae superioris (L.l) of the Elaamohrauchii

has be(m discussed in a previous section. The, evideiiw against the derivation appeared to be both positive and
negative. Positive in that it appeared that one could definitely trace the evolution of the nitisele fronx tlie levator

labii siiperioris (add.) of the Selaehians ; negative hi that the M. pterygoideus as here deiived appeared to he present

in Bony Fishes as well as the M. levator nmxiilae superioris (the M. levator palatini) and tliat there appeared no

t^xplanation of the alteied relation of tiie fii-st ratnns of the fifth nerve.
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PAKT IV. THE THERIA.
The Superflciaf Facialis Musculature..

The Stylohyoideus Muscle.

The Posterior Digastric Muficle.

The Mandibular MuHcle.s.

The Branchial and Hypohram^Jiial Muscles.

In Part T of this work, dealing with the fishes, instead of dencribing the muscles of each species

i.)efore proceeding to those of the next, each was described for the whole of each group. The
object was to focus attention upon muscle groups and entities, rather than the musculature of
the fishes themselves.

It appeared to the writer that the muscular systems of the vertebrata had been evolved, by
adaptive modification, from some generalized fish type, and quite early it appeared that a deal
of this adaptive modification might be observed in the conditions presented by the elasmo-
branchian cephalic musculature.

Thei'efore, the first portion of this work was devoted to estaVdiwhing tnuscle groups and muscle
entities, and at the same time, to an inquiry as to whether the vai-ying complexity of the arrange-

ment and modification of these, essentially similar, groups and entities in the process of functional

adaptation in conformity with or response to skeletal changes within the fishes shed any light

on their origin from a more generalized condition.

In that first part of the work the objective in view was deemed best attained by (contrasting

and comparing the muscles of the several segments, and it is belte\'ed that the comparisons made
justified the belief that one could recognize, in the musculature of the mandibulai" and hyoid
segments, (certain of the muscles of the branchial segments, but more or less highly modified in

adaptation to the changed form and/or function of the skeletal arches to which they are attached
or otherwise related.

Passing to the Tetrapoda, it was decided that the study of the fui-ther modification of these

muscles would be best carried out by observiiig their variation in relation to the whole of the

muscles of each form studied. Having established the groups and entities, it became necessary

to study their modification, and the range of their variations relative to otlier muscles and to the

skeleton.

In this last section of the work there will be a return to the Hrst method of study, firstly,

because so many Therian types have already been full\* described that it would be a work of

supererogation to present the descriptions of a further sei-ies, and secondly because we have
reached our goal. That goal has been to study the evolution of the musculature of the vertebrata

with a view to determining the origin of those of the Theria, and especially that of the Mammalia.
Clearly, then, it is not the fimction of this work to describe the wide variation of the Therian
cephalic muscles, but simply to compare representati\'e examples with those of the lower

veitebrata.

Looking back, we recognize that in our passage from the fishes to the amphibians, it was the

branchiate forms amongst the latter that presented us with the chain of beacons which assisted

us in our passage along the stream of evolution. True, the chain was far from complete, many
guiding lights appeared to be missing and others were hard to understand, but this chain of

beacons made possible aiid ]>rofitable a passage which must have been much more difficult and
much less satisfactory had we been called upon to pass directly from the fishes to the abranchiate

amphibia.

Our further journey down the stream, from the amphibian territory to that of the Reptilia»

was no more difficult than that from the fishes to the Amphibia. A surprising number of the

guiding lights shone clearly, and with a good deal of confidence we have arrived at the farther

confines of the Saurian territory, feeling that we have been able to chart the main current fairly

correctly.

Briefly, it is believed that the evolution of the cephalic muscles, from the elasmobranchian

type to the saurian, has been followed step by step and has been found to be relatively gradual

and without markedly abrupt changes. It is now believed that the change from the saurian to

the therian arrangement is really no more abrupt. The Manunalia have a remarkable and
cOTupiex set of facial muscles which, at first sight, appear to be entirely new muscles, without

anything to i-epresent them in the lower forms.
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It is, however, fairly .satisfactorily demonstrable that this break in eoatinuity of evolution

is more apparent tluin real, and is due largely to faihire to recognize the proper signifieance of

the supei'iicial faeialis miiseles of the l'r(_»lotlieria.

We find the same enibryonie nmsele plates in tlie Mamnmlia which we ba\-e become familiar

with in the lower vertebrata, and related, of course, to the same segmental ner\ (>s. The similarity

of tlie muscles de\"eloped fi'om these muscle plates iri all the forma already studied justifies tlie

attitude adopted in this soctioti. Broadly, this is that we have to seek detailed homologies

amongst the irulividual muscles of groLips wliose homohigy, as groups, may be regarded as

established.

It will be found that, in the Theria, the niaadibular muscles are imiervated by the branches

of the fifth nerve, and. in their relation to one another, in a maimer very similar to the divisions

observe<l in the Reptilia and Aves, so that their interpretation in terms of the saurian miiscidature

is not difficult. On the ot her hand, there the evidence bearing on the homology of certain of the

muscles innervated by the seventh nei-ve is very indefinite.

In oin' approach to this question—the homolognes in the Theria of the reptilian musciles

innervated by the seventh ner%'e—it is necessary that we recogni/.e at the outset that there has

been a. very marked (change in the nature of the investment of the head, so that it is questionable

a~s to how far one shoidd press the in(juiry. In what detail should one expect to be able to

i-ecognize homologies V

In the introductictn to this woi'k it was stateti that often we must expect to be able, at most,

to indicate the derivation of fuuscles rather than their complete homologies. This appears to

a|)ply particularly t-o the muscles under discussion. In precisely the same way that it, wms

contended that an homologue of the levator rostri could not be found i)i a fish without a rostrum,

or a protractor labii superioris in a fish without a protractile upper lip, so the homologues of the

facial nmscles of tlio Theria, M'ith their flexibUi skin and loose subcutaneous tissues, shoitld not be

expected in the Hauria, with their rigid head coverings.

This, how*ever, docs not debar \is from speculating as to whethei' the muscles of the neck and

throat in the Reptilia may not have provided the facial muscles of tht; Theria, and then seeking

confirmation or correct ion of the iflea by st udy of the dist ribut ion of the muscles derived from the

hyoid muscle plate.

Although the cephalic nmsculatvire of a number of the Eutheria and of the T'rototheria has

been well described by previous workers, the writei*'H approach to the Therian musealatiu-e has

been by actual dissections aiul serial sections of the embryonic niaterial. This laborious course

was decided upon for two reasons: fu'stly, actual familiarity with llie structures was known,

from experience, to be indispensable to their propei- understanding, and. secondly, it was desired

to preserve a point of view which had been steadily and. deliberately built up by and during the

compilation of the work as far as it had gone at this point.

Until T had almost, completed my survey of the cephalic muscles of the lower \'ertebi'ata 1

refrained from study of the therian muscles. It was desired to approach these with as complete

a knowledge as possible of those of the lower forms, so ihai they, the therian musoles, should

appeal to me as modifications of those of the lowei- vertebi-ata. The desire was to avoid, as far

as possible, interpreting the lower in terms of the higher.

This study of the ther iati museles was carried to the stage of deciding their probable

homologies or dej-ivation before the work of previous investigators was considted. This must
not be taken as implyiug an expectation of en-ors of interpretation in the work of others ; it was
smiply carrying to its logical conclusion the policy, di(;tated by my desiie to avoid the risk of

interpreting the lower in tenns of the higher, which had caused jnc to become familiar with the

musculatnre of each gronp in tmn. before xtndying that of the next higher group.

The development of the i)remandibular, mandilndar, hyoid and branchial nmscles differs in

well known, important i-espects from that of other muscles. It has been generally agreed to

regard these tliffercnces as being of fundamental importance aiid to regard these as " visceral''

muscles, developed froui visceral muscle plates, in coi^tradistinction to the limb and body muscles,

developed irom myotomes ",

There is reason to believe that it would pi'obal>ly be more correct to i-egard the " nuiscle

plates " as the myotomes of their i-espective segments and to use the term visceral, when ap[ilied

to these muscles, as a moi-phologicnl tenn. having no particular genetic significance.
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The Vertobrata did not spiing full formed " into existence ; thoy havo, undoubtedly, been
evolved from some invertebrate form.

There is little reason to doubt tliat the mouth of the Gnathostoniata and the branchial

apparatus of the whole of the Veitebi-ata are completely new structures, developed in the coui*se

of the evolution from the invertebrate form. Further, it is highly probable that a nmnber of

body segments were impressed into the formation of these new sti-ueturos. There can he no
reasonable doubt that these segments Avere equipped with must^les de\'eloped from segmontnl

inyotomoH, as in the rest of the segments.

We must, therefore, decide which of two altei-natives is likely to be the more probable

explanation of the origm of the musculature of the " visceral " arches. Either the original

myotomes and theii' rnuscle were aborted, or their musculature was adapted to the new
formation. To assimie that muscular tissue already available was aborted and replaced by newly
formed tissue of the same kind seems an altogether unnecessary exercise of the imagination. It is

to he concluded tliat there is every probability that the so-called visceral muscle of these segments
developed from modified myotomes. There is. therefore, no fundamental difference between
these and the rest of the striped mus(-ulatu)-o of the body. Actually the moditieation is no greater

than that of the muscles related to the ribs and sternum, and less than that of those relat^?d to

the limb skeletons.

E#lgeworth and others have recorded the fact that striped muscle, e.g. the constrictor

pharyngis. inay develop directly from the mesenchyme in the A'isceral wall or in the mesenchyme
independently of any particular structures, e.g. the siipertxeial facialis muscles of the Theria.

These contributions constitute a definite demonstration that the muscles in question have
developed by differentiation of the mesenchyme at a distance from myotome or muscle plate.

These, however, are not the only muscles to be so developed. It is not tmcommon for

mtiscular tissue of the limbs to make its appearance at a distance from the main body of the

muscle buds of the limb. Not only is this so., but portions of the visceral muscle plates, in some
instances, make their first appearance divorced from the rest of the plate, and make this appear-

ance after the plate has been more or less well differentiated from the surr-oimding mesenchyme.
Again, no muscle plate or myotome develops in the whole of its extent at the same time, always

the plate increases in extent after the first portion has been differentiated.

There will, of course, be complete agreement that the plate which develops as a continuum
is a single genetic entity, but if we are to regard as a new formation portions which are not con-

tinnoxis with the nniscle plate or myotome, we must either make this distinct ion absolute, or we
must make some purely arbitrary distinction as to what degree of separation shall be regarded aw

constituting the portion in question a new formation.

We may view the matter from a different angle : Earlier or later every myotome and muscle

plate divides into its component muscles : this separation into parts does not take place at the

same stage of differentiation in every species,- nor, as a rule, does the plato divide into its com-

ponent parts at the one time. First one and then another muscle anlage is split off from the

main diffei*entiating mass. It would appear that in some instances, e.g. limb buds in numerous
lower Tetrapoda, this splitting takes place before there is sufficient differentiation to make the

myoblasts recognizable from the surrounding mesenchyme. Stated generally, this is to say that

there is reason to believe that groups of myoblasts may migrate from the original site of format ion

whilst still in morpliologically undifferentiated condition. If this be not the explanation of the

very early divisions ofmuscle plates which have been recorded, and which may be seen in examples

of all the lower Tetrapoda, the only other interpretation is to regard perfectly normal muscles

developed from these separate portions of the plates as new formations " in the particular

species in which they are found.

Such an explanation is, of course, conjipletely untenable.

It follows that we remain within the bounds of complete reasonableness and, indeed, of

probability when we suggest that those apparently new formations, the constrictores pharyngei

and the Therian superficial facialis musculature, have been developed from their appropriate

myotomes or muscle plates, but that their myoblasts had migrated far from the rest of the plate

befoi-e differentiating. This interpretation has the advantage that it permits us to seek the

origin of every muscle found in each group of Therians in that other group which may be regarded

as presenting an approach to the ancestral form of the G;nnip under stu<lv.
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To one who has observed the remarkable plasticity and adaptability of muscle tissue in a

very large variety of species and genera of all the groups of vertebrates, it is difficult to believe

that there has ever, in the evolution of the vertebrate musculature, been the need of new muscle

tissue to supplement that ah'eady existing. With so many and such wide extensions and adapta-

tions in mind, one is quite unable to believe that isolated muscles and/or groups of muscles must
be regarded as entirely new formations whilst all the rest are demonstrably varying arrangements

of the same muscles and muscle derivatives.

THE SUPERFICIAL FACIALIS MUSCULATURE.
The superficial facialis musculature is discussed finst for the single reason that it is the most

superficial of the cephalic muscles in the Theria.

Huber (1930) says of the facialis, hyoid, musculature of the Monotremes (Figs. 188- ls9)

that they developed along their own line, on a ground plan which is distinctly different from

the common marsupio-placentalian ground plan ". Whilst this is correct, it fails to impress the

really significant feature of the Monotreme facialis musculature, which is that it has ?w ground

plan.

Fig. 188.

—

Plati/'pns. The superfldal fun-Al iiiuhcIps autl tli(^ panniculus civmosiis.

In several species amongst the lower Vertebrata we have observed a tendency of the superfiinal

facialis musculature to extend dorsally. Compare, in this respect, Varanus, iSphenodo7i, Chelodma

and Ichthyophis with other Reptiles and Amphibians. The observable extension of the superficial

hyoid muscle sheet is in each of these instances associated with increased mobility of the skin

and subintegumentary tissues. Whether the increased mobility, or. in other words, the extension

of the muscle sheet, was a cause or a result it is not possible to decide, but there is in each of these

instances a further factor which, probably, was causally contributive to the changed condition

—

the elongation and increased flexibility of the cervical region. It seems, at least, not improbable

that this increased flexibility demanded and possibly caused increased mobflity of the skin.

If this be so then it may well ha\-e been that extension of the superficial muscle sheet was permitted

by the increased freedom of the skin from the underlying fascia, and perhaps fuither conditioned

by the need of control of the folding of the skin. This is the view which appeals to the writer as

offering the most probable explanation of the observed facts.

It will be remembered that in the Holocephali we observed a somewhat similar modification

of superficial muscles in association with increased mobility of superficial structures. In that

iiistance it was the moi^e superficial components of the trigemuial muHcuiatnre which had been

modified.

The ability ol' muscles to change and alter in conformity with altering related structures is

strikingly illustrated by a nuniber of isolated examples of peculiar muscles in indivifliial species
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and genera in every group we have studied, as well as by the changes which are beheved to have

taken place and which have been regarded as fundamental to our understanding of the hyoid

and mandibular musculature in tenns of the branchial.

Ki^. 189.

—

Echnlna. Tlie siiX)erfi('ia] facial inurt<'les and tlie paiinieiihis earnosu?

(after Hugo).

In the monotremes, except for the end of the .snout, the whole head is covered by a flexible

cuticle, and there is a wide raaxge of movement of the neck and head upon the trunk. The need

of orderly folding and control of the cuticle in harmony with the head and neck movements

has, demonstrably, been met by the development of extensive sheets of muscle fibres.

Whilst the panniculus carnosus, originating from trunk myotomes, contributes in part to

this nucho-cephalic sheet in its posterior part, the major portion of it is innervated by the seventh

jierve and must be regarded as hyoid muscle.

Comparison of either of the monoti*emes, but especially the Platypus, with the lower forms

mentioned above will, it is believed, reveal that the differences in the superficial hyoid muscle

sheets in them are differences of degree rather than of kind.

Although previous workers have bestow^ed definite names on various parts of the hyoid

muscle sheet in the monotremes, in actual fact no one of these is, even imperfectly, delimitated

fcom another. It will be remembered that in a number of instances amongst the lower forms,

it was foimd impossible to state definitely where the boundaries between components of the

superficial constrictor sheets were ; they were defined by their origiixs and insertions only. Just

ill this same way, it is permissible to recognize component parts in the hyoid sheet of the

monotremes.

Briefly, in the monotremes the superficial hyoid sheet of muscle fibres has spread forward

and dorsad on to tlie side of the face and head, and various parts of it are functionally differ-

entiated by their origins and/or insertions, but these are not anatomically differentiated by

separation of their margins. The important thing to appreciate is that these muscles have not
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as yet been diiferentiated, thougli, in the light of the conditions in the mai-siipials and mammals,
we may say that they are very definitely forecasted.

The origin of the facialis musculature of the Theria, and especially the superficial muscles
of expression, have engaged the attention of several previous workers, and as a result tliore are

now six outstanding explanations of their origin,

Gegenbauer was of the opinion that the whole of the superficial muscles were derived from
a primitive cervico-facial platysma.

Hugo recognized that the primordial facial muscle plate divided into deep and superficial

parts. The deep, he stated, gave rise to the stapedius, the stylohyoideus, the digastricus posterior

and the platysma.

Huber investigated the question in greater detail than his predecessors a.nd concluded that
only the first three of the above muscles were derived from the deep portion of the plate. He
was of the opinion, however, that the superficial sheet presented a primitive division into sphincter

colli profundus and platysma, and that the whole of the retroauricular superficial facialis muscles
were derived from the latter and the pre-auricular from the former division {Fig. 190).

Fig. 190.— Hut.er's diagrammatic presentation of iii.s theory of tlio origin of fclie various

facial muscles. Tliose flerived from tlie platysma, in the upper three drawings, those froin

the sphincter colli profundus in tlio lower.

Futamara {vide Lightoller) believed that he could demonstrate the division of the pi imitivo

cervico -facialis sheet into superficial and deep layers, that the deep yielded all the pre-auricular
muscles, and the superficial, the platysma and the rest of the retro-auricular muscles. He thus
combined the theories of Gegenbauer and of Huber.

Edgeworth believes that the whole of the facialis musculatui e of the Theria is an entirely

new formation. He regards these muscles as being differentiated from the mesoderm in ,^itu,

de novo, and as not being portion of the facialis muscle plate with which we are familiar in the
lower vertebrata. For Edgeworth only those muscles which lie deeply are sur\avals of the facialis

musculature of the lower Vertebrata. It is not quite clear whether he regards the superficial

muscles of those lower forms as having been lost, or whether he believes their aniagen are incor-

porated into the plate which gives rise to the deep muscles.

Lightoller has endeavoured to trace the evolution of the primitive branchial musculature
of the Elasmobranchs through the changes in the hyoid and mandibular arches and then through-
out the whole of the Vertebrata. Like all previous investigators except Edgeworth, he is of the
opinion that the whole of the facialis musculature of the Theria has been inherited from the
lower animals. Lightoller's approach to the subject has been very similar to my own, and I
had the very good fortmie of discussing the work with him as we both studied many identical
species. There are many pomts on which we agree completely, but on others we agreed to differ.

Lightoller's homologies are given in the following table.*

* Tho nomenclature of this work is given between brackets, where it differs from that of Lightoller.
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Elasmobranchii.

fad.lc. Pars uuclio-uiiixiUaris (csil.l).

Csd.2a. Pars epihyoidea (csd.2pr)

Csd.lc. Pars mandibularis (csv.tb)

riiv.2a. Pars interliyoidca (M. interhyoideus)

Csv.2b. Pars inscriptioiiHlis

1».2. Levator Ityoidfi

Mannmalia.

jN'otoplatyania

Portion of retro- and pre-auricular rnuj^culaturo

Sphincter colli profundus and trachelo-platysnia

Stylohyoideus and digastricus posterior falsus

Sphincter colli superticialis (the M. caninus)

Portion of the retro- and prc-auricular facialis niuscidature

and digastricus posterior.

Of the above muscles the first and the third are, iu the lower vertebrata. innervated by the
fifth nerve, with a possibihty by the seventh alao in the Elasmobranchii.

The Stapedius muscle is derived by Lightoller from the M. stapedius of the crocodile.

Thus Gegenbauer, Ruge, Huber, Futaznara, Edgeworth and Lightoller have all offered

theories as to tlie origin of the facialis musculature. Of these, the simple explanation of
Gegenbauer appears to state the probability as far as it can be stated in i-elation to the lower
V^ertebrata.

The therian facialis musculature includes superficial and deep comi^onents ; the superficial

have been classified as pre-anricular, retro-auricular, platysma and sphincter colli superficial i^^,

and of the deep there are thi-ee separate mustdes, the stapediuK, the stylohyoideus and the posterior

belly of the digastric.

In the Saiirians the facialis musculature is made up of a continuous superficial sheet, a
.separated portion of this (the post-articular levator of the lower jaw) and a deep component, tho
M. interhyoideus. In tlie birds portion of the superficial sheet is hi two layers.*

There is, therefore, except in the birds, no evidence of the existence of two layers in the
superficial musculature in the hyoid segment of the lower Vertebrata, so that, apparently, the
most we can say as to the origin of the therian superficial facial muscles, is that they were derived

from the superficial constrictor sheet of the Reptilia and lower vertebrates generally.

There is no animal below the Theria existing today which is in possession of tho primitive
piaty«nia and sphincter colli profundus postulated by Huber. It is hardly possible to i-ecognizo

the cojidition in certain of the birds as presenting these two primitive sheets, although then? is

hero definite evidence that already in the Sauria the single sheet had shown an aljility to divide,

at least partly, into two layers.

It is a fact that, with full knowledge of the mus<?le3 of the Eutheria, and searching foi- their

equivalents, one may, by careful dissection, demonstrate portions of the superficial sheet of t he
Protothoria which conform to the requirements of portion^ of one or other of tlie two postulated

sliects. This, however, is not evidence of the presence of the two sheets, but, rather, that all the
superficialis muscles of the Eutheria ha\'e been derived from the single sheet in the lower forms.

Futaxnara's (Lightoller) embryologieal findings are not evidence of the pre-oxistence of the two
sheets, but are simply the ontogenetic differentiation of the primitive single sheet. The separa-

tion into deeper and more superficial layers has undoubtedly taken place and it was this separation

which Futainara (Lightoller) regarded as of phylogonctic significance.

Lightoller's detailed correlation of the component parts of the Therian superiioial and deep
facialis musculature with the constrictors and levators of the Elasmobranchiata lacks the ©vidonoo

of the persistence of some of the fish muscles ui the Amphibians and Saurian.s. Their rej)orted

reappearance m the Tlierians is, therefore, subject to gra\ e suspicion.

Some of these instances must be discussed in more detail than (others.

The Laeertilia are really highly specialized Sauriana, and it is unfortunate that the abundance
of lacertilian materia! should have led to their tacit acceptance as typical of the reptilian con-

ditions. In tho Laeertilia the growth of the pterygoid muscles below and then up on to the
extei-nal surface of the Jaw pushed the origin of the postciior portion of the M. uitermandibularis

doraally and externally on to the mandibular ramus, producing a condition A^ery sunilar to that

present in the Elasmobranchs and, in them, brought about in very much the same way. Here,
then, Lightoller recognized a pars (extra-) " mandibularis ". Although differentiated from the

pars intermandibulai'is in the elasmobranohian examples only by its origin, this muscle had
appealed to Lightoller as of marked importance by reason of the fact that it is innervated by the

seventh nerve in its posterior part.

* In a general survey sueli as the present, it would only cloud the issue to take cosnizanee of muscles which arc
only occasionally pre.si;nt, sanh as the deep Cacial ceralo-hyoiiliMim-capUiM nf ChettxHria.



THE EVOLUTION OF THE SKULL—KESTRVEN. 301

^Viiiongst the Amphibians, as amongst the Bony Fishes, there is i\o fxample of a pai-s extra-

mandibalaris, and amongst the Saiiria the niusc-lc is found onl^- hi certain Lacertiha. Tn all these

animals there is no evidence that the posterior end of the intermandibular constrictor is innervated

by the seventh nerv^e : always it appears to be innervated only by tlie fifth.*

This difficulty of the inner\^atiou of the muscle in the Keptilia was noted by LightoUer.

It is doubtful whether the pars (extra-) mandibiilaris was worthy of a, distinctive name. In

the reptiles its peculiar origin is an entirely secondary and adi^entitious result of the overgrowth

ofone of the muscles of mastication, in the Elanmobi-ancha it Is probable that the forward migration

of the liyoid skeleton forced the original floor of the mouth ventrad, and that the complete covering

of the external surface of the ramus of the jaw by the muscles of mastication caused the origin

of the posterior part of the M. intermandibularis to be transferred to the facial covering of the

masticatory muscles. The question of the innervation of the pars extraraandibularis in the

Elasmobi-anchn will remain unsettled until decided by an appeal to experimental stimulation of

the se\-ered nerve trunks and roots. It will be remembered that, as noted by LightoUer, there is

a very intimate commvmication between the roots and trunks of the fiftli and seventh nerves in

these fishes, so that there is a possibility that the hyomandibular nerve carries motor fibres of

the fifth nerve as well as mixed fibres of the sev^enth to the M. intermatidibularis and the skin

between the jaws.

Even if it should pro^-p that the pars exti-amandibularis in the Eiasniobranchs is innervated

by the seventh nerve, the absence of the muscle from the lower Tetj apoda, except the Lacertilia

where it is innervated by the fifth nerve, renders it improbable that any muscle present in the

Theria and innervated by the seventh nerve should be homologous with it.

This objection is further supported by the fact that there is no other instance of the reappear-

ance in the Tiieria of an elasmobranchian muscle whicli cannot be traced through the intervening

vertebrate classes.f In other words, it would be the one instance of complete discontinuity in

the phylogenetic histoiy of the Therian muscles of the head and neck.

It should also be remembered that the acceptance of the theory of the homology of tlie pars

extramandibularis of the elasmobranchian Csv.lb with any component of the therian facialis

musculature carries with it acceptance of a belief in the myotomic, or segmental, duality of the

facialis musculature, in support of which there is no other evidence.

It is, therefore, to be concluded that there is not sufScient evidence trj juatify the acceptance

of Lightoller's equation of the Csv.lb pars extramandibularis with the Mm. sphincter colli

profundus and tracheloplatysma.

Tlie same general line of argmnent applies against the proposal to regard the notoplatysma

as the equivalent of the Csd.l. This muscle in not present in any one of the lower Tetrapoda,

and, even if it be the fact that it is innervatetl by the seventh nez've in the Elasmobranchs, its

complete absence from all these forms makes one doubt very much that it should reappear in

the Theria.

It is believed that the variability of the situation and relative extent of the superficial facialis

sheet of muscle amongst the Amphibia and Saiuia justifies the belief that the Therian facialis

superficial musculature is simply a fmther extension of that same variable sheet, and to such an

extent that it is not possible to indicate, with any degree of confidence iji one's identification,

from which portion of the muscle sheet of the lower forms the various therian entities were

derived.

The division of the facialis sheet of the Theria into deeper and more supei*ticiai layers Is not

novel to the Theria, In most birds this division is seen ventrally. It is not logical to regard this

partial division in the birds as the starting-point of the therian condition, because the birds

cannot be regarded as ancestral to the Theria.

The multiplicity of designs presented by the various mannnals and marsupials in the arrange-

ment of the superficial facialis muscles provides an added reason for believing that they have

been derived from an undifferentiated sheet similar to that of the Prototherians. There is,

moreover, reason to believe that the marsupials present a more primitive condition than the

* In tlie Bony Fishes, of course, the posterior portion of ttic M. inteniuuKilbuIaris is fuseU w ith tlm aiiterior poi-tion

i>rthe iiyoid superficial constrictor to fomi the protractor hyoidei, and tliere is liual innervation of tlie resulting muscle.

t Liglitoller was of the opinion that the M. interhyoideus {pars interhyoidea of 1 lis noiuefielature) i3 rarely repre-

sented in the reptiles. Unfortunately the muscle happens to Ije unrecognizable in the three reptilian tyjH's he studied,

t»ut a reference to the previous pages vfiU renund the reader that the muscle is present in the majority of the Sauria.

C
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mammals, reflecting, perhaps, the origin of some of the component muscles. Particularly, in

this connection, we may single out the M. detrahens aureuin of the wallahy {Fig. 191} and other

diprotodonts. This certainly looks like portion of the saurian constrictor colli facialis which

has gained an attachment to the eai*.

FiC. M>l.—WriHiiby. The M.- di'trnhciis iiureuin.

It seems reasonable to assume that there woultJ have been a gi'eater degree of siinilarit y in

the facialis muscle pattern in the mammals and marsupials, if the ancestral theriari stock had

already evolved a partially diflerentiated superficial facialis muscidaturc. The basic pattern

of this ancestral partial differentiation should, surely, bo r(iadily recognizable in all the Theria,

if there had been one.

If, on the other hand, the pi-imitive Theria had an undiiferentiated sheet, similar to that

of the Prototheria, then the wide degree ol' variation which we obser\'e is completely

imderstaiida I >le

.

THE STYLOHYOIDEUS MUSCLE.

The whole of the arguments in favour of regarding this muscle as ba\ iiig been derived fi-om

the M. interhyoideus have been briefly and clearly stated by Lighttdler (1939). With those

views the writer is in complete agreement.

Edgeworth (1935) derives the posterior belly of the digastric muscle from the M. inter-

hyoideus, but he states that in the higher Eutheria "... the interhyoideus separates into two

parallel muscles, the stylobyoideus and the digastricus posterior ..." This derivation of the

nmscies follows fr(nn his description of the early development of the hyoid muscle plate in the

Mammalia. This, ho states, "... separates into dorsal and ventral portions. The forn\er is

the primordium of the Levator hyoidei . . . the ventral portion is the interhyoideus."

This interpretation appears to assume the complete loss of the superficial components, and

iji the result he is forced to regard mammalian superficial facialis musculature as something quite

new. and arising in the class without any precursor in the lower forms.

It appears, further, that Edgewoi-th assumes that when the myotonic thvides into a tiorsal

and a ventral part, the ventral must contain the anlagen of ventral nxusclcs only, and the dorsal

the dorsal anlagen <mly. This is a belief which, it seems, n^ay easily be carried too far.

There are strong reasons f(3r believing the M. depressor mandibidae of the Sauria to have

been the precursor of the posterior belly of the M. digastricus. As will be pointed out later, its

fibres have a tendency to extend beyond the mid-lateral line ventrally. and its origin to descend

to a lo'.ver level than the origin of its precursor, the anterior fibres of the superficial hyoid con-

strictor. In this incomplete descent ventrad the muscle has come to lie across the mid-latei-al

line. If the digastricus posterior is derived from this muscle, then there has been a furtlior

descf^it, and an erstwhile dorsal muscle has become a ventral muscle. Not only is this so, but,

if the homology is correct, from what we know of the ontogeny of the digastricus posterior in the

Theria, the muscle plate was ventrally situated before it di\dded into its component parts.

In this connection it is noteworthy that the muscle which Edgeworth identifies as the levator

hyoidoi in the monotremes is placed wholly ventrally to the ventral limit of the shnilarly named

muscle in the lower forms. It is placed ventrally to the quadrate and to the posterior end of

I^lRckel's cartilage, and is derived from the primordiuin of the hyoid niusc^les in fhi<t location :
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therefore, it is arguable that onjy the ventral moiety of the pj-imordiuni is present at all, and that
all the dorsal muscles of the hyoid segment have been lost. That is, of nour.se, if the location of
the primordial muscle plate at the time of its splitting be j-ogarded as deU^rmining what muscles
are developed from it.

THE POSTERIOR DIGASTRIC MUSCLE.
It is believed that this muscle is derived from the M. depressor mandibulac of the Sauria,

It, thei-efore, becomes necessary to discuss briefly the probable origin <)f that muscle once again.

There is no apparent reason why m^c should doubt that the M. flepressor mandibulae of the
birds is completely homologous with that of the reptiles.

Throughout this work it has been assumetl that every muscle in tlic lii.eher forms has been
derived from some muscle in the lower, and in the result ther-e has been availai)Ie to us the metliod
of identification yj^r exclt/sionei)!. In the piesent instance that juethod would be ojisatisfactoi-y ;

the M. digastricus posterior appears, at first sight, to be placed altogether too far ventrally to be
the homologue of the remaining facial muscle, the M. depressor u>an(hbulae. and also too dwply.

Let us consider first the point of origin of the muscle. In the Elasmobranehii the muscle
arises from the side of the head at the level of the upper limit of the branchial muscles. Iti the
bony fishes the origin is jjlaced nmch more ventrally. In the Holocepimli the dorsal limit of the
muscle is \^ariable, biU is lower than in the majoritv- of the Selachii. In the 13ipnoi the muscle
i-ises far toward the dorsum, perhaps, to some extent <!arried tfiere by the dorsal situation of the
vault of the branchial recess at the back of the skull. Iti the Euamphibia the origin of the
depressor mandibulae is placed high up towartls the dorsum of the posterior end of the head and
oeck, but in tlie i-eptiles one finds it arisuig lower down on the side of tlie head ; the pars

uotognathica is commonly not developed. Lastly, in the birds, the pars uotognatlutta is ne\'eT'

present and the origin of the muscle is from the back of the skull behind the exteraal auditory

meatus.

An examination of the site of origin of the M. digastricus posterior in the Theria reveals that
it is very closely just that of the M. depressor mandibulae in the birds an<l certain of the i-cptiles.

The fact that it is so is, however, disguised soniewhat by the increase in the size of the skull

above and behind the otocrane. This has caused the ai-ea of skull behind the external auditory
lueatus to be overhung, so that the muscle appears to take its origin from a new situation

altogether, whereas, as a matter of fact, there is but \'ery little diffei-ence in the two locations.

Tt would be foolish to deny that the site of origin of the therian muscle is not, more venti-ally

situated than is that of the saurian ; it is, but not nearly so much so as appears. Compai-ed
with the amount of migration of the site of oi'igin of cert-ain other muscles, particularly those of
mastication, whose homology is imquestioned, the amount of migration of the site of the origin of
this muscle is small and is not such as fo constitute a reason why we sliouki i-efuse to admit that
the muscles are homologous.

Whilst the location of the origin of the muscle in the Theria calls for carefid examination in

view of its apparent novelty, the manner of its insertion presents Jiothing new. In several of the

Heptilia, e.g. Tiliqva and VaranuA-, it was observ ed that portion of the Csv.2 extended ahnost to

the mid-ventral line to gain an insertion into the superficial fascia. Whilst these were fascicuU

of the pars uotognathica and on that account, pei-haps, not completely homologous with the
therian muscle, which is I'egarded as ha\ irig been derived from the pars cephalognathica, their

\-entral insei-tion bears very directly upon the question.

It will bo remembered that in the Selachii the Csd.2 and Cav.2 formed a continuous sheet,

in which we defined three parts by their or igin, insertion, or relation to certain structures. In
the Batoidei these parts were less easy to define. Tn the Choudrostei and in the Bony Fishes the
identity of the three parts was almost completely lost, or at least profoundly modifi.ed.

In the Amphibia the M. depressor mandibulae fairly constantly pi-esents a division uito two
parts, justifying a belief that it was derived from two muscles, but the contribution of tlxe levator

to this muscle M'as not a constant feature, though, possibly, that component was present in some
forms. In the Sauria the muscle was found in two parts in some of the Lacertilia and OphicUa.

but in other Keptilia and in the birfis only the pars cephalognathica was present. Since the

amphibian depressor was, very definitely, derived from superficially placed precursors, and since

those form a continuous sheet in the Selachians and are profoundly modified in other ways in the
bony fishes, the most that can be stated with confidence is that it was derived from the Osd.2

with a possible inclusion of the hyoid levator in some Urodela.
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In the Kept ilia, there is iio evidence that a hyoid levator is evei' prenent, at no time does the
primordium of the M. depressor mandibulae show any division into deeper and more superficial
layei-s. Indeed the separation into anterior and posterior parts, seen in some Lacertiha. is a
relatively late happening. Although there is this definite splitting into partes noto- and oephalo-
gnathica in a number of lizards and snakes, the complete absence of such division from other
lizai-ds, from most, if not all, other reptiles, and from all the birds leads to the conclusion that
the muscle is derived from one muscle only, and this conclusion is supported by tl-ie developmental
history of the muscle.

The mannei- of innervation of the nmscle in tiic Thcria appears to have been regarded by
previous observers as an obstacle to the homology accepted here. This does not appear as an
obetaclo to one who comes to the Theria from tho lower Vertobrata. On the (contrary, one finds
complete conformity with the Sauriau oonditiorus. It is innervated by a post-ain-icular branch
of the facial nerv^e.

One objection to regai-ding the M. depressor mandibulae of the lower VertelK'ata as the
homologue of the M. digastricus posterior of tlie Theria is the difficulty of accounting for the
retro-auriculai- facialis muscles if they have not been derived from the depressor.

A ci-itical examination of the varying areas of origin dorsaily of the saui-ian M. constrictor
colli facialis {Csd.2-Cav.2) will reveal that it is not uncommon for the origin of this nmscle to lie

superficially to the depressor.

Once the Csd.2 had obtained an urigiu superScially to, and overlying the depressor jnandibulae
the way was clear for it to invade the whole of the area occupied by the retro-auricular facialis

Jnuscles.

In both the Prototherians a muscle is found which is strictly comparable with the constrictor
colli facialis, and which, indeed, has been designated constrictor colli by Huber. This taken
its origin dorsaily in a plane which is superficial to the situation of tho M. depressor mandibulae.

It is concluded that there are no ^'ital objections to regarding the M, digastricus posterior
as having been derived from the M. depressor mandibulae of the lower Vertebrata.

It is, therefore, concluded that the M. digastricus posterior has been derived from the anterior
Hbres of the dorsal portion of the hyoid constrictor of tho Elasinobranchii. for these alone are
deemed to have contributed to the formation of the M. depressoi- mandibulae of the Sauriaos.

THE MANDIBULAR MUSCLES.
In order to maintain continuity of discussion the derivatiori of tho M. digastricus ajlterior

will be considered next.

Tlie majority of workers have, in tho past, derived this rauscio from the M. mylohyoideus,
the M. interrnandibulans of this woj*k. The latest review of the question is that of Lightoller

who would derive the muscle in part from tho intermandibularis and in part from the ventral

longitudinal muscles. In this latter he is in agreement with the wfiirk of Rouvier {1906) and of
Toldt (1907).

The ventral longitudinal muscles are innervated by spijial nei'ves. wfiilst the anterior belly

of the M. digastricus is innervated by the fifth Jierve only. Lightoller states :
"

. . . the lateral

fibres of the ventral longitudinal muscle are pierced and apparently innervated by the N". mylo-
hyoideus " and refers to his own observations to that eifect in TlUqua, and to the work of Chaine
and Rouvier.

I ha\-o beeji able to confirm the observation in Tiliqua and have found the same distribution

of the nerve in Varamifi and in Chelodina. However, experimental stimulation of the distal and
of the severed nerve falls to cause contraction of the longitudinal muscles in any one of the three
forms ; nor is there any contraction of the longitudinal muscles on stimulation of the nerve in

the common fowl.

It is concluded that tho twigs of the fifth nerve which reach the longitudinal muscles do not
carry any motor fibres.

Perhaps the way to a proper understanding of this muscle has been obscured by a failure to

realize that it is the Csv.la portion, alone, of the amphibian and saurian mylohyoid muscle
which is represented by the therian M, mylohyoideus.

This—submentalis—muscle first makes its appearance in the Elasmobranchs as an araphic

portion of the Csv.l. In those fish it is placed on the same plane as the rest of the muscle. The
M. submentalis is cozmnonly well defined in Bony Fishes, but is variable in its relation to the
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in.sertion of the longitudinal muKcleH and to the posterioi- portion of the C«v.l itself. In some
Hpecies it is auperiicial, in others deep to thene othor muscles.In the Amphibia the submentaUs
iR present in Urodela and Anuia, but absent from the Coeciliann and Dipnoi. It always lies deep
to the plane of the M. intermandibularis, mylohyoideus of authors generally. Throughout the

Reptilia there is an anterior part of tiie intermandibuiaris cleanly separated from the rest of the

muscle and always placed doi'sally, deeply, to it. The fibi-ea of this reptilian M. submentalis
may be araphic and directly transverse in thoir diroction, oi- they may be inserted into a median
raphe and have a du*ection diagonally posteriad and mediad, from their origin far forward on
the inner side of the mandible. In most of the birds the Csv.l is not differentiated into anterior

and posterior pai-ts in any way ; the submentalis muscle is not present.

The deeper situation of the anterior part of the Csv.l in the Lacertilia led the writer to

designate it the " pars profunda " until the araphic form was met in the Crocodilia and the true

character of the muscle was recognized.

The situation of the M. submentalis is quite comparable with that of the Thorian

M. mylohyoideus, wliereas the M. intermandibuiaris lies in a moi-e ventral superficial plane.

The presence of this deeper portion of the M, intermanriibulaj-is in the reptiles appears to

have been completely ovei'looked by previous workers.

Once we have recognized that this variable muscle was present in the Reptilia we are at

liberty to asBume that it was also present in the primitive manmial and it is easier to believe

that it gave rise to the M. rnyloliyoidous than it is to understand how the superficially placed

M. intermandibuiaris came to occupy a situation deep to other muscles of the mandibialar segment.

If this be the correct interpretation oi' the mylohyoideus, it remains to determine what has

become of the main portion of the intermandibuiaris, and one very naturally tixms to the only

other muscle in the region iimervated by the fifth nerve, the anterior belly of the digastric.

Viewed from the saurian aspect it appears highly prol>able that the intermandibuiaris is

represented in the mammals by the anterior digastric. This appears a much more likely inter-

pretation of the facts than would be the assmnption that the intermandibuiaris has been aborted.

The comparison of the M. intermandibuiaris with a M. digastricus anterior in such a form as

Homo must lead to the rejection of the homology proposed here, but that is, of course, the extreme
modification of the muscle. The early condition in the process of adaptation is presented in the

Cetaceans, amongst othex's. That of Delphinus is illusti-ated here (Fig, 192). Comparison of
this with the Csv. of lower Tetrapoda, and especially in those forms { Varanus, Sphenodon^
Crocodilus, Chelodina and Dromaeus) in wliioh the fibres have a direction caudad and mediad,
reveals at once that there is really very little difference between them. Even the firm insertion

of the mammalian muscle into the hyoid is definitely foreshadowed by the binding of the mid-

ventral raphe to the hyoid apparatus in a nimiber of Sauriaiis.

C!»T.Jb, M. digaj'tricus anterior; H.. humfrus ; Hy., hyoid cormi : Csv. In. M. inyIohyoideiL«
;

N.st.-hy., the nerve to the M. stylohyoideuH
;

N.tr., tht- nt-rve to the M. ti-apezhis from the cervical
plexiiH

; O.h., M, occipitohumeralis
;

S-o.ni., M. sterno-cleido-inastoideus ; the superior
laryngeal nerve

; 8p., sensorimotor nerves to tho panniculns and dotfsal tmnk refiion from the
e«rvical plexus ; Tr., M. trapezius ; V.i.d.. the inferior dental nerve ; V.my., the myloid branch
of the inferior dental nerve

; Vll p-a., preauriculnr twiti.^ of the facia! werve ; VIT r-ji., retroauricxUar
twigs of tlie fm-ial nerve. (From Kenteven, HHtrf.)
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Tlio mammalian M. myJohyoideus preHenta itself in two layers in a number of speciefi {vide
Bertelli, 1927). It might appear that its two layers are homologous with the two layers of the
Saurian Csv.l, the Csv.la and Cnv.Ib. There is no doubt that this interpretation of the muscles
IS a completely admissible interpretation and there is no evidence to negate it completely.

On the other Iiand, if the two portioJis of the first ventral supei-ficial constrictor have been
so inodified, we are forced to look to extramandibular muscles for the homologne of the
M. digastvieus anterior.

Sijico the only experimental work carried out to test the imture of the fiftli innervation of
the longitudinal muscles which have been homologized with the digastrieus anterior has shown
that innervation not to be motor, it is concluded that those muscles probably did not contribute
to the formation of this. We are therefore left without any forerunner to the M. digastricus
anterior in the lower tetrapods. But. inasmuch as the M. digastricus anterior has been demon-
strated to be genetically a, mandibular muscle (Edgeworth, 1935), we are constrained to return
to the only mandibular muscles of this region in the lowet- Tetrapoda. and we are once more
forced to look to the Cs\-.lb.

It is. of course, possible that only poi-tion of the Cswlb has been converted into the anterior
digastric and that the remainder has contributed to the foi-mation of the M. mylohyoideus.
•Against this, however, it must be pointed out that the line of origin of the digastric alone is in
the situation of the line of the origin of the Csv.lb, whilst the line of origin of the mylohyoid is

deep to that and is in the position of the line of origin of the Csv.la.

THE MUSCLES OF MASTICATIOK.
The discussion of these niuscles may be made very brief. There is no reason why we should

not homologize the two groups of these muscles in the Theria with those we are familiar with in

the lower Tetrapoda. This is, of course, in conformity with past practice. The origins and
insertions satisfy tlie equations pei'fectly, as also do the relations to the brandies of the fifth

nerve.

THE BRANCHIAL AND HYPOBRANCHIAL MUSCLES.
Looking back over these muscles hi tlie lowei- Vertebrata it appears as though there had been

little congruence amongst them, but, if we omit from om* review the muscles of occasional
occurrence and tabulate those which may be i-egarded as characteristic of each group, it is found
that there is a relatively high correspondence amongst them. This agreement is further brought
out by the diagrammatic presentation of the muscles in Figs. 193 and 194.

The peculiar specialization of the Bony Fishes may be regarded as excluding them from
the evolutionary history of the Tetrapoda, and we may, therefore, neglect them in the present
diacuKsion and pass from the Elasmobranchii direct to the CJrodela.

Comparing these we find that the continuous coraco-mandibiilaris muscle of the fishes has
beeii replaced by a muscle interrupted at the hyoid arcli. On the other hand there is present

in the elasmobranchiate musculature a shorter coracohyoideus as well as the long muscle. Deep
to this again thei'e is the coracobranchialis communis, and all three are hypobranchial musclas
and are innervated by the composite occi pito-spinal " hypoglossal nerve.

In the Urodeles the coracomandibularis may be regarded as haA'ing been cut off short at the
hyoid, and the coracobranchialis communis as having lost its connection to the coracoid also.

It will be remembered that the three elasmobranchian muscles are intimately fused for the greater

part of their length, therefore the suggestion that the coracomandibularis and the hyomandibularis
slioidd have been modified in the Urodcla as suggested hivolves a comparatively slight change.

The fusion of the two muscles along their whole length instead of for part only is all that is called

for.

If further we assume that the coracobranchialis conmnmis also became fused for a much
greater length, its extension into the region of the tongue may bo regarded as an easy step. The
gem'oglossus may be regarded as a modification of the deep portion of the geniohyoideus.

It is not contended that any of these muscles is the homologuc of any other, but it is believed

that these hypobranchial spinal muscles of the Urodela are directly derived from those of the

Elasmobranchii

.
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Whether this be the fact oi- not, it is of interest to note that the arrangement of the principal
hypobranchial muscles of the Tetrapoda remains unchanged throughout the whole series. The
pattern is slightly disguised amongst the Reptilia by tbe varying presence or absence, and varying
T-elations. of certain muscles which he veutrally to them.

Fig. 10:J.—Diagram ot the branchial and hypobranolilal niiiwcli's in the lower Tetrapofla.

A., j\tra. coracohyoideus, claviculohyoideUK and sternohyoids us ; R., Mm. coracomandibularis

and gcniohyoidous ; C, Mm. genioglossus and hyoglcssus
;
D, branchial muscles

; h, larynx.

Fig. 194.—Diagram of the branchial and Iiypobranchial nmsclfs of the Hauria and of the Theria.

Oons.i. & Cons.s., the inferior and superior constrictor muscles of the pharynx
;

G.al., M. genio-

glossns
;
G.liy., M. geniohyoideus ; H.gl., M. hyogloasus ; H.mn., M, hyoniandibularis

;
1.1., intrinsic

muscles of the larynx ; l.t., intrinsic muscles of the tongue : St-liy., M, atenmhyoideus

;

St.thy.. M. sternothyrnideus ; Th.hy., M. th.sTohyoideus ; Th.tnn,, M. thyroniandibularis ; IX,

X and XII, the nerves innervating the muMoIrs.

Though it is possible to recognize the sternohyoideus and geniohyoideus in the great rnajority

of the Tetrapoda, it is the fact that the muscles so identified are not always innei'vated by the

same nerve. In the Lacertilia, there are two other muscles which pass from the hyoid apparatus

to the mandible and one other which passes from the thyroid cartilage to the hyoid. These are

longitudinal muscles and they are innervated by the glossopharyngeal nerve. In the birds, there

is always a muscle which passes from the hyoid to the mandible, and not uncommonly this muscle

is divided into a lateral shorter part and a medial which may extend right to the symphysis

menti. It is functionally a geniohyoideus and has been so named in the body of this work. It

also is innervated by the IXth nerve.

In the Theria, in addition to the sternohyoideus and geniohyoideus, there are sternothyroid

and thyrohyoid muscles imiervated by the glossopharyngeal nerve.

In all the Tetrapoda, there is a constrictor pharyngis, innervated by the vagus. In the

Theria, the muscle is present in superior and inferior divisions.

Comparing the Anura and the Heptilia, one finds in the former three branchial muscles—
craniohyoideus, craniolaryngeus and dorsolaryngous—innervated by the Xth and/or IXth nerve.

These might appear to be the forerunners of the three muscles which we have found in the Reptilia

situated ventral to the hypobranchial muscles and innervated by the glossopharyngeal nerve.

Actually, however, these two trios have little in common to support such a suggestion. The
amphibian muscles are demonstrably branchial, their development from typical branchial nuiscles,

during the metamorphosis of the tadpole, is readily observed The reptilian muscles, on the

other hand, are developed fiom the same stroma as the typical hypobranchial muscles.

Edgeworth would regard their innervation by the IXth nerve as .secondary, as also would

he regard the glossopharyngeal iimervation of the Avian geniohyoideus and hyoniandibularis

(branchiomandibularia )

.
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This interpretation appears to be entirely reasonable, but it is suggested that the
" secondaiy " character of the innervation may be more apparent than real. It is possible that
the true explanation of their innervation is that their motor fibres have taken a shorter, new,
intracranial course and issue with the IXth instead of witii the rest of the Xth nerve.

That which is here suggested is the converse of the explanation of Straus and Howell (1936)
for the innervation of the accessorius muscles by spinal nerves in the long-necked Ungulates.
Their suggestion is that true accessorius fibres still innervate those muscles, but that they have
taken a new intraspinal course and now issue with the cervical nerve fibres.

It is an interesting fact, probably not without significance, that, with the exception of the
intrinsic muscles of the larynx, the branchial muscles throughout the whole of the Vertebrata
are constrictor muscles. Even the interarcualia recti act to bring the branchial arches together
and assist in the more perfect compaction of the branchial basket.

After the most careful study of these muscles in the extensive series of animals whose muscles
have been described in the earlier parts of this work one can only record the impression that the
evidence is not available on which to determine with confidence the origin of the branchial muscles
in the higher Tetrapoda with any degree of exactitude.

Embryological evidence appears to indicate difierent segmental origins for apparently
identical muscles in more than one instance.

The outstanding phenomenon in the changes in the branchial region as we have traced the
muscles from fish to Theria has been the gradual reduction in the number of segments which have
been carried forward from gi'oup to group. This reduction has obscured the sequence of
inheritance so much that it is not always possible to determine which segments remain ; much
less is it possible to determine which muscles have persisted in the altei-ed conditions observed.

It is concluded that the most one can say with confidence is that the vago-glossopharyngeal
muscles, as a group, are homologous throughout the Vertebrata, but that owing to the possibility,

if not the probability, of fasciculation of the nerves in this region, it is not possible to separate the
muscles into vagus and glossopharyngeal groups.

Not only is this so, but there is rea^son to believe that certain of the muscles innervated by
the glossopharyngeal nerve are really h3^obranchial and not'branchial in origin, as already stated.

The final conclusions of this part of the work are conveyed by the tabulation below. A
reference to the earlier tables of similar kind, conveying the conclusions of each section will give

the homologies, as the writer sees them, of the Therian muscles with those of each of the group**

of the lower Tetrapoda.

Hypobrandiial Muscles Branchial Muscles
Innervated by Nervos behind the- Vagus lunervated by the IXth and Xth Xerves.

o 'p

Coracohyoideus A

W ffl

Coracomandibularis B Intrinsic bianuIiiaJ muwoles D

Coracobranchialis eommimis C

Telc-
ostei

ClaviculohyoideUB

Geniohyoideus

A

B
lntrin.s!e branchial muscles U

0

Abdominohyoideiis

Geniohyoideus

A

B

Intrinsic branchial muscles ^
Intrinsic laryngeal muscles

Constrictor pharjTigis . . J

D

M
P Hyoglossus \

Genioglossus f
C

Abdominohyoideufi A Tadpolt^ Intrinsic Branchial muscles D

cS

1

Hyoglosaus

Hyoglossus \
GeniogloBsus J

B

C

' (JraniolaryngeuK

Cranioliyoideus

Adult -j Dorsolaryngeus

Intrinsic laryngeal muscles

. D

Conatrictor pharyngis



THE KVOLUTIO.N OF TTIE SKUT^L—KESTEVEIV. 309

llypobiTiucliiiU Muscles

Innervated by Nerves behind the Vagus

SternothyroideUf

«3 Genioiiyoideus

^ Hyoglossus

GenioKloMsaH

[ntriusic muscles i>t* toiiKwe

I'.ranchial Muscles

Innervated by tiie IXth and Xtb Nerves

Thyromaiidibulai

Thyrohyoideus

Hyomandibnlaris ]
Intrinsic laryngeal riiascles

Constrictor pharyngis j

Sternobyoifleus

Stx^rnotliyroideUf

Thyrohyoideus

Si Geniohyoideus

H
llyoglossus

Genioglossus

[ntrinslc muscles of tonf^ue

Stylopliaryngeus

('onstrictor pharyngis sup.

Uonstriotor pharyngis inr.

Intrinsic muscles of larynx }

1 have, in conclusion, to acknowledge gi'atefully the receipt of several grants from the Trustees

of the Commonwealth Council of Scientific ami InduHtrial Research, which have helped very

materially to make this work possible.

POSTSCRIPT.

(Added 2mh July, 1944.)

In this yeai' of grace 1944, some five years after the work was finished, years packed full of

civilian war work and away from microscope and scalpel, a critic has asked me what remains to

be done to correct or confii'ni my conclusions. The reply seemed obvious to me. I have offered

working theories only, and have proven nothing. The whole field needs covering again, not once

but probably many times, before sufficient t^'^pes and varieties of arrangement have been studied

anatomically and embryologically, and sufficient evidence will have been amassed on which to

establish a sound and completely satisfactoi-y explanation of the evolutioii of the cephalic muscles

and of the skull.

My critic then suggested that at least \ should be able to indicate where I had wished jnore

evidence had been available to me. That information, he thought, would be useful guidance and
perhaps pro\ ide inspiration for future students.

I have, therefore, endeavoured to revive the mental atmosphere in which the work was done
by reading it through. I have not succeeded, for my recollection is of a constantly recuri-ing

sense of frusti'ation due to absence of conclusive evidence whilst the work was in progress. I feel

that, had I been keeping notes with a view to compiling such a chapter as this, many more lines

of research would have been suggested.

On pages 3 and 4, I discussed the constant association of segmental nerve and muscle-plate

derivatives and offered an explanation of this constancy. It would be mteresting to te.st both
the explanation offered and the apparent e.xceptions. Examples of *' heterogeneous " irmervatiou

are the branchial levators in Selachii (pp. 12-13), the protractor hyoidei in Teleostei (pp. 72-77)

and also in certain constrictor colli muscles in the Sauria. The " explanation " could, it is

believed, be tested in the maimer suggested, the apparent examples of heten-ogeneous innervation,

by stimulation of the motor nerves.

A careful study of the development of the mandibular muscles of the Selachii would yield

interesting results. The study should be carried out with serial sections of the very early stages,

and, of course, reconstruction from the sections. Actual three-dimensional vision of the

structures is essential for their proper understanding. This study of early stages would need to

be supplemented by actual dissection under high magnification of the earliest stages to which the

method is applicable, and fui'ther dissections of later stages until the adult form is reached. I

think that such a study would either confirm oi' correct my belief that the quadratomandibulai-is

is derived from the primitive middle adductor, and the i-est of the muscles of mastication from the

primitive dorsal adductor.
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Ell view of the many cranial and muscular similarities of the Chondrostei to the Selachii,

suggesting comparatively recent divergence from the parent elasmobranchiate stock, a re-survey

of the development of the branchial muscles would be interesting. It is possible that such a

survey would lead to the recognition of evanescent traces of some of the missing elasmobranchian

branchial muscles.

The history of the origin of the laryngeal and pharyngeal muscles in the Anura is still largely

wrapped in mystery. I have no doubt that much could be learned by actual dissection of larger

tadpoles. This problem would be most easily solved if the development of the muscles were

studied backwards. Complete familiarity with adult form and disposition should be acquired

first, then this condition should be seen in the yoimgest tadpole in which it is attained. Then
would follow a search for successively earlier and earlier stages, perhaps ending with

reconstructions of the earliest from serial sections. This work would be very tedious and difficult

if attempted on ordinary small tadpoles, but some tadpoles (e.g. Myxophyes and one of the Hylo
species) attain relatively monstrous size long before metamorphosis commences, and these are

relatively easy to dissect.

Very naturally, I should like to see my theories relative to the correct interpretation of the

foui'th and sixth nerves tested in some way. Being neither an experimental embryologist nor

a neurologist, I can make no suggestion as to how they might be tested.

I feel that full use has not j-et been made of fossil skulls. Few, if any, of them have been

studied by the application of our method of serial section and serial plate reconstruction. There

is no reason to believe that even those encased in friable matrices, or coal, would not yield perfect

sets of serial sections if carefully encased in a cement envelope, and if each section were firmly

stuck to a glass slide with Canada balsam before being cut from the block. Outline drawings of

the bones, with sutures and small foramina carefully marked on them, could then be traced from

both sides of each section on to sheets of blotting paper of appropriate thickness, and the whole

assembled just as is done in the reconstruction of embryonic skulls. This method would be

infinitely preferable to that of attempting to clean the bones in situ and/or " restoring the

unseen parts. In the reconstructed model, the whole skull, including the bones of palate,

suspensarium, and jaw, could be handled and taken apart, in fact disarticulated " if required.

In conclusion, haA-ing acted on his criticism, it is only right that I thank my son, Geoffrey L.

Kesteven. for having si\'en it.
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branchial epiarcualis obliquus in

Teleostei . . . . . . . . 67
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