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PART II. THE AMPHIBIA.

The Cephalic Muscles of Branchiate Amphibians: 1. The Dipnoi; 2. The Anuran Tadpole; 8. The Urodele
Larva; 4. The Perennibranchiate Urodele; ‘5. Review,

The Cephalic Muscles of the Abranchiate Amphibians : 1. The Adult Caducibranchiate Urodeles ; 2. The Adult
Anura; 3. The Adult Caecilians; 4. Review; Appendix. The Laryngeal Muscles of the Amphibians.

The Skulls of the Amphibians : 1. The Skull of Neoceratodws ; 2. The Skull in the Euamphibia ; 3. The Skull
in the Embolomeri. ) . '

" The Origin of the Amphibia: 1. General considerations; 2. The Evidence of the Cephalic Musclés 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 the Class, .

THE CEPHALIC MUSCLES OF BRANCHIATE AMPHIBIANS.

INTRODUCTION.

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, 19315 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
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 throughout 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
forms were examined at .all.- The object was to avoid the possibility of interpreting the
musculature of the lower groups in terms of the higher. This has involved theuse of provisional
nomenclature until 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 policy
has permitted the inclusion in a few places of paragraphs such as this and others which include
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 is an example in illustration of substitution of a name conveying an intimation of the
final conclusion arrived at and introduced only after the work on the Reptilia was completed.

There is, however, a limit to which this policy 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.1lb, 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 beginning with a view to presenting the conclusions of the section on the
Amphibia as an introduction indicating the trend of the work.

LIST OF ABBREVIATIONS USED ON FIGURES 70-09.

A.c., Arytenoid cartilage ; A.hy., M. abdomino-hyoideus ; At.sc., M. attrahens scapulae ; Br. 1 & 2, Branchial
cartilages ; Br.cl, Branchial cleft; C.he. & Chy.e.,, M. interhyoideus; C.hy., Ceratohyoid ecartilage; C.hy.a.,
M. ceratohyoideus anterior ; Co., M. claviculo-branchialis ; Co.hy.br., M. claviculo-hyoideus ; C.p. & C.ph., M. con-
strictor pharyngei; Csd., Superficial dorsal constrictors; Csv.la, M. submentalis ; Csv.1b, M. intermandibularis ;
Csv.2a & 2b, Anterior and posterior parts of the M. interhyoideus; Cu., M. cucullaris ; Dep.mn., M. depressor
mandibulae ; D.hy., M. dilator hyoidei; D.I. & D.lh., M. dorso-laryngeus:; D.la., M. dilator laryngei; D.ls.,
M. depressor labii superioris ; H.br., The base of the external branchiae ; Ep., Epithelium of the buccal mucosa ;
¥F.pr., Foramen prooticum ; G.gl.,, M. genioglossus ; G.hy., M. geniohyoideus ; H.gl.,, M. hyoglossus ; H.gl.a., M. hyo-
glossus anterior ; My.ph., M. hyopharyngeus ; Lbr., Mm. interbranchiales ; 1.h. & Lhy., M. interhyoideus ; Llec.,
Inferior labial cartilage ; T.sp., M. infraspinatus ; L.a.b., Mm. levatores arcuum branchialium ; L.br.,, The dorsal
superficial branchial constrictor muscle : L.d., M. latissimus dorsi; L.hy., M. levator hyoidei; ZIL.sc.i., M. levator

- scapulae inferior; IL.se.s., M. levator scapulae superior; -IL.v., M, laryngeus venfralis; Mas., M. massetericus;
M.c. & Mk., Meckel’s cartilage ;  Mm., Mm. interbranchiales ; O-a-hy., M. omo-abdomino-hyoideus; Omo., M. omo-
hyoideus ;' P.c., Pars cephalognathica’; Pet.p.; M. petro-hyoideus posterior; P.h.o., Posthyoid ossicle; P.n., Pars
notognathica ; Pr., Procoracoid ; Pr.m., Processus muscularis ; Pt., M. pterygoideus ; Pt.a. & Pt.p., Anterior and

" posterior parts of the M. pterygoideus; Q-m., M, quadrato mandibularis; Qu., Os quadratum ; R.ab., M, rectus
abdominis ;. Rh.a., M. rhomboideus anterior ; 8.a.0. & 8.a.0b., M. subarcualis obliquus ; 8.a.r., M. subarcualis rectus ;

_8.a.t., M. subarcualis trangversus; Sc., The scapula; S.c-t., M. spino-capitis transversus; S8.l.ec., 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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134 MEMOIRS OF THE AUSTRALIAN MUSEUM.

1. The Dipnoi.

THE CEPHALIC MUSCLES OF NEOCERATODUS FORSTERIL
(Figs. 70-73.)
() MUSCLES OF THE MANDIBULAR SEGMENT.

The Csv.1b (Fig. 70).—This is the only representative of the Csv.l sheet ; there is no trace
of a Csv.la. The muscle arises from the greater part of the medial surface 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.
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Fig. 70.—Neoceratodus. Ventral view of the supepﬁcia] constrictors.

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. 75, where the Csv.1b 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).



TABLE OF PROBABLE MUSCLE HOMOLOGIES.

Particular Designations.*

Serial
Designation.
Selachians. Holocephali. Teleosts. Dipnoi. Urodeles. Anura. Caecillians (Apoda).
Csv.1a and Csv.1b Submentalis. Pars | Protr.inf.lab. inf.and Submentalis and Intermandibularis Submentalis and Submentalis and Intermandibularis
intermandibularis Intermandibularis Intermandibularis Intermandibularis Intermandibularis
Csv.1b? Pars extra- + Protractor hyoidei 0 (o] o (o]
A mandibularis (in part)
Pterygoideus Levator labii + + + + + +
i superioris
Quadrato- + + Temporalis + Temporalis and Temporalis and Temporalis and
mandibularis Massetericus Massetericus major, Massetericus
y minor and minima
Levator maxillae + Levator labii Levator arcus (o] o (o] Levator quadrati
superioris superioris (?) palatini .
Cd.1.pr. + o 0 o - (o} 0
Csd.2a + + Hyohyoideus + Depressor mandibulae| Pars notognathica Pars notognathica
. . . (upper part) Pars notognathica
Csd.2b + Dilator operculi Zf{yohyoidertui + Pars notognathica Pars notognathica Pars notognathica
upper pa -
Cd.2.pr. + Depressor Hyohyoideus Retractor Depressor mandibulae,| Pars cephalognathica | Pars cephalognathica
mandibulae (upper part) mandibulae Pars cephalognathica
Levator hyoidei + (o] Add. arcus palatini Pars cephalognathica + in tadpoles ?
Add. hyomandibularis O in adults
Add. operculi
Cv.2.pr. or Interhyoideus Interhyoideus Protractor hyoidei + Cerato-hyoideus -+ +
Interhyoideus (posterior part) externus
Csv.2a + + Hyohyoideus + + (o) =+
(anterior part)
Csv.2b + + Hyohyoideus + + 0 +
(anterior part)
Csd.3 to 6 + (0] o} 0 + + ?
Csv.3 to 6 + o 0 0 (o] ? (o]
C.pr. 3 to 6 + + ) + + + ?
Interbranchiales .
Levatores arcuum + + + + One present in one (o] ?
branchialium . species, otherwise O
Epiarcualia obliqui + + Epiarcualia recti, (o] (o] (o] (o]
obliqui and transversi
Adductores arcuum + + + o o o o
branchialium . . . .
Ventral branchial o o] Subarcualia recti, Subarcualia recti, Subarcualia recti, Subarcualia recti, Subarcualia recti
muscles obliqui and transversi | obliqui and transversi obliqui and - obliqui and
transversit transversit
Coraco-branchiales + + Claviculo-branchialis + ? + ?
(one slip only) .
Coraco-mandibularis + + 0 + Genio-hyoideus \[ Genio-hyoideus Genio-hyoideus
Genio-glossus Genio-glossus Genio-glossus
Coraco-hyoideus + + Claviculo-hyoideus + Hyo-glossus | Hyo-glossus Hyo-glossus
- Hyo-abdominis L Hyo-abdominis L Hyo-abdominis

* The + sign indicates that the muscle is present and that the serial designation has also been used as the particular. The O sign indicates that the muscle is probably absent.
+ These muscles become the Petrohyoid, Dorsolaryngeus and Constrictor pharyngei muscles in the adult.
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The mandibuler adductors are very similar in all three Dipnoans. In addition to the two
adductors of the lower jaws there are, in the Dipneuwmona, small retractores 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 internal and an
oxternal. Edgeworth (1911) followed Jacquet in designating the internal ** temporal ”, and
the external ‘‘ pterygoid ”. These designations of Jacquet were most unfortunate, for it will
appear later that it is the internal which is homologous with the pterygoid of the fishes and
amphibians, whilst the external is homologous with the quadrato-mandibularis of the fishes.

TaE 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
quadrato-mandibularis. 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 surface and those from the post-frontal into its superficial surface.  For a short distance
above the insertion this tendon forms a sheath on the lateral surface of the muscle, separating it
from the guadrato-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 muscle also has a central tendinous sheet into which
all the fibres, except those arising from the descending process of the squamosal, are inserted.
As in the Pterygoideus, the sheet terminates anteriorly and inferiorly in & strong tendon which is
ingerted into the upper edge of the lower jaw bone. This insertion extends from the posterior
edge of the teeth to just in front 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
glip (adm.2) ”. I find that the division I have described iz much more in conformity with the
division of the adductor mass itself. The division between the small posterior mass is much
more incomplete than the other and there is no structure intervening between those two portions.
On the other hand, the division I have deseribed is mueh 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
gseverance 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-mandibularis from the pterygoideus,
exactly as was found in the fishes.

Edgeworth’s (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 adult the origin of the quadrato-mandibularis, levator mandibulae posterior of Edgeworth,
-extends dorsad 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 mechanically 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 found 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
musele arises from the main division of the mandibular branch immediately outside the foramen

13



THE EVOLUTION OF THE SKULL—KESTEVEN. 137

and turns dorsad medially to the maxillary branch. - The nerves to the latter muscle, two in
number, 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 musecles close to their twe
tendinous ends, and immediately turns laterad and then ecaudad 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 the seventh nerve, the chorda tympani, but
does not fuse with it until the posterior myloid nerve to the Csv.1b 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 Csd.2
is from the dorsal fascia just a little dorsally to the line of attachment of the opercular membrane.
The posterior margin of the musecle is the free edge of the membrane. = The insertion is per medium
of the Csv.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 thus delimited is, apparently,

Fig. 71.—Neoceratodus., Lateral view of the superficial constrictors,

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 thig line a second small 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. k

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.1.

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 museles is shown in Fig., 71.

The 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 nerve lies in & parabasal canal whose walls and roof are cartilaginous and whose floor is supnlied
by the parasphenoid bone.

Continuing - dorso-laterally with a slight caudal inclination, the ramus:hyomandibularis
issues from its canal between the otic and basal roots of the quadrate, as previously described
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{Kesteven 1931b). Almost at once the nerve breaks into three branches. :The first leaves the
anterior side of the nerve, 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
from 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 tympani (Nv.ch-t., Fig. 71).

The next branch of the hyomandibular trunk is the lateralis component. This leaves the
anterior gide 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-subopercular ligament and forward along the medial edge of the ventral surface of
the mandible for a little distance. This probably communicates with the posterior myloid 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. Omne 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, quite superficial.
It is true that in Ceratodus, as in 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 branchiostegal membrane had captured the sheet whilst the opercular skeleton had grown
backward in a fold superficial to that membrane. It is probable that the branchiostegal 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 upwards 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.; -its posterior end extending 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
mterhymdeus and spreads forwards to the hind edge of Meekel’s cartilage.”

His description of the arrangement of the hyoid muscles in a 55 mm. specimen of Protopterue
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 continuous
dorso-ventral sheet, but the majority have separated into three portions—dorsal, middle and
ventral. The dorsal portion passes from the auditory capsule to the operculum, the middle
portion from the operculum to the suboperculum, and the ventral from the suboperculum to the
mid-ventral line. The middle portion has extended forwards, and its anterior portion forms a
separate muscle, the retractor mandibulae, 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 into the hind end of the jaw to the splenial and angular bones. ' The
anterior edge of the ventral portion of the constrictor is shghtly separated from; and overlaps,
the hind edge of ‘the interhyoideus.”
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Comparing these descriptions with the musecles in the adult Neoceratodus, 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.1 and Csv.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. Protopterus, more particularly in the division of the upper end of the sheet beneath
the opercular bones.

In front of this point in the adult Neoceratodus we find a muscle, which is essentially similar
to the interhyoideus of the selachians, situated deep to the fore end of the superficial hyoid
constrictor and to the posterior end of the intermandibularis.

It would appear from Edgeworth’s Figure 19 that the overlap of the anterior portion of

the interhyoideus beyond the posterior margin of the intermandibularis, in the 19 mm. Protopterus,
is dorsal to that muscle.

Nvech. t.

1

Nv.my

Fig. 72.—Neoceratodus. Semi-schematic presentation of some of the branches

of the Vth and VIIth nerves. C.hy., Ceratohyoid; Nv.ch-t.,, Communicating

branch of the VIIth to the myloid branch of the Vth; Nv.my., Myloid nerve ;

Nv.my!, Posterior myloid nerve; Temp., Tendon of the tempo-masseteric
muscle.

If this be so, then we may conclude that it is 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 Profopterus.

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 Lightoller
has since designated the pars quadrato-hyoidea. With this opinion Edgeworth is unable 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 Dipneumona 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 interhyoideus of the elasmobranchs, but presenting a partial modification and specializa-
tion. A deep intermandibular fascia which is 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 of 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 is completely
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homologous with the pars cephalognathica of the depressor mandibulae 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 epihyoidea.

(c) BRANCHIAL MUSCLES (Fig. 73).
Muscurt MARGINALES. INTERBRANCHIAL MUSCLES.

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 musecle 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.

Tig. 73.—Neoceratodus. A semi-schematic presentation of the ventral branchial muscles,

as seen from below. 1, M. subarcualis rectus; 2, The five Min. coracobranchiales ;

8, M. cucullaris ; 4, M. sphincter oesophagi; 5, M. subarcualis transversus V; 6, M. sub-

arcualis trangversus III; 7, Mm. subarcuales transversi I and II; 8, Mm, subarcuales
II-V; . A, Hyoid arch; B, Branchial arches; C, The coracoid.

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 0bv10us,
although they are no longer related to the superficial constrictors, these latter being absent.
The resemblance to the interbranchial muscles of the Holocephali ig 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 abserice 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 egsentially 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 branchlal 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 coraco-branchial muscle. The two together form a strong muscular
wall for the fleshy portion of the posterior wall of the atrium. 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 the levators are closely bunched together at their origin from the skull,
whilst in the Dipnoi, for the dipneumonous 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 four muscles dorsally, 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 observed, 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 (of Protopterus)
¢ 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 is 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 muscle plate when present at all, but that in the
Selachians (1911 and 1926b) 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 branchialium that it has
been so designated 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.

(¢) 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 incline toward
one another at the mid-line and there form 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 pharynx 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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Subarcuales recti.—Two pairs of recti are present, the posterior according to Edgeworth
being .composite 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 te the median margin of the insertion
of S.are.r.1 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 coraeo-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 cucullaris.

(¢) THE HYPOBRANCHIAL SPINAL MUSCLES,

The Coraco-mandibularis (genio-hyoideus) arises behind from the coracoid arch on either
gide 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-hyoideus 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 musecle 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, just 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 branchialium,

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, interbranchial and
subarcual 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 ventro-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 writer 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 Selachii cannot also be homologous with the subarcual muscles of the
Teleostomi. - It would certainly appear that we must regard the primordidl muscle plate in the
bony fishes as having grown down and given rise to the subarcual muscles and as having become
completely aborted between these and the epiarcual muscles, whilst in the Dipnoi the intervenihg
portion has persisted and given rise, ‘as in the Selachii, to the interbranchials.

A striet interpretation of the facts is perhaps. as follows. The Dipnoans present amore
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
beny 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 is ontogenetic evidence that the subarcual 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. i

2. The Anuran Tadpoles.
(Figs. 74-78.)

The following description of the masticatory and branchial muscles of the anuran 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 number of these tadpoles
and was able to rear them till some had acquired indubitable specific characters. They were 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 Lymnodynastes 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 Rana, that one is justified in making the
assumption that the description here given of these muscles may be accepted as being truly and
completely one of the muscles of the anuran tadpoles generally.

The primordial cranium is so essentially similar to that of Rana that I have reproduced,
only slightly modified, Gaupp’s illustration thereof in illustration of that of Myzophyes. 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 is essentially similar to that of Rana. 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 in Rana, 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 diverging to accommodate the copula. This second copula is a
small quadrilateral plate 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 sign of the
development of either limb, and the lungs 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 found 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
symphysis of the inferior labial cartilages. As yet no definite muscle fibres are observable under
the dissecting microscope.

The Intermandibularis muscle (Fig. 74, Csv.1b) 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 surface 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 hundreds for study, presenting in all forty-seven stages of development from ovum
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.
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Fig. 74.—Mixophyes tadpole, stage A.—Ventral aspect.

The Interhyoideus muscle, Csv.2 (Fig. 74, L.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
ig 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 VIIth
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 caudad, 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
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Fig. 75.—Mizophyes 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 trunk of the VIIth
nerve before it passes beneath the depressor mandibulae muscle.
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The Depressor Mandibulae muscle presents itself even in this early stage in the two portions
which Lightoller 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 mandibulo-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 short common tendon mto 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 cephalognathica have an inclination ventrad, the lowermost fibres
of the pars notognathica an inclination dorsad, as they pass forward to their insertion.

Fig. 76.—Mizophyes tadpole, stage A.—Dorsal aspect.

Innervation.—This is by twigs of the hyomandibular trunk of the VIIth nerve 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 skull 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 whlch 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 of 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 its 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 Meckel’s 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 process 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 are innervated by twigs from the mandibular
ramus of the Vth nerve as it passes them.

The mandibular ramus of the Vth nerve 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 antorbital 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.1b was clearly seen in several dissections. No twig was observed
turning backwards to reach the interhyoideus muscle.

HyPOBRANCHIAL MUSCLES.

Two subarcuales recti are recognizable (Fig. 74, S.a.r.), but, as they extend further than
across a single interbranchial interval 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 interval.
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 surface of the first branchial cartilage. This is
in the position in which the muscle itself is developed in stage B.

Innervation.—I have not been able to determine the innervation 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 hypobranchial
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.

The 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 duality 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
communicating branch from the IXth, and as the nerve passes under cover of the muscle.

The Dorsal Superficial Branchial 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 meta-pterygoid
process behind the levator hyoidei and extend 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 unsegmented so that the designation ceratobranchial or epibranchial is to
be understood as purely topographical and one of convenience only. The distal or epibranchial ends of the arches are
united by a serrated strip of cartilage which gives to them the appéarance of having, each, bent posteriad till it came
into contact and fused with that next behind.
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divided by the interruptions is three or four, and the situation of the fasciculi is not sufficiently
constant to allow one to hazard an opinion as to actual number of superficial dorsal constrictors
represented, basing that opinion 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.

Innervation.—It can be 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 easily
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 cavity.* It does not reach the mid-line, but is inserted a little distance therefrom into
the posterior and ventral wall of the branchial eavity.

The Cucullaris muscle arises medially to the constrictor pharyngei from the inner corner 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.

Innervation.—The motor twig to the muscle was not found in any of the dissections of this
stage, but, as it was subsequently demonstrated that this becomes the cucullaris muscle of the
adult frog, one very naturally assumes 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 branchial 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-cephalic ligament.

Innervation.—Though it cannot be definitely asserted, it is believed that this diaphanous
muscle is innervated 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 1b 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 be inserted into the inferior labial cartilage laterally to the tiny
nodular primordium of the Csv.la.

The Quadrato-abdominis Muscle is an exceedingly transitory structure. It was present
in about 509%, of the dissections of this stage, and provided evidence 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
the posterior branchial wall from the 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 branchial cavity just below the cranial
floor.
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precisely the same stage of development. I have been unable to find the muscle in any 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 origin of the muscle quite clear of the depressor mandibulae,
the cephalic head of which lies against its concavity. The tendon of origin beging 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 call
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 believed, will be readily visualized
by comparison of this with stage A.

S.a.t.2,

Co.br. S.a.0b. 3
Tig, 77.—Mizophyes tadpole, stage B.—Ventral aspect.

The Csv.la, though but very slightly increased in size, now shows quite clearly its muscular
character.

The Csv.1b 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 mandibulae.

The muscles of mastication present one particularly interesting 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
ingertion into the superior labial cartilage. The temporalis musecle also is shortened slightly,
The masseter is definitely enlarged. The remaining muscles of mastication are unchanged.

The subarcuales recti and transversi are unchanged.

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-branchialis 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 fourth branchial
cartilage and passes caudad to be inserted on to the scapula just laterally to the glenoid cavity.
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The second is the Cucullaris (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-laryngeus. It arises under cover of
the origin of the cucullaris 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 skull
medially to the origins of the last two. It is a thin, relatively broad, band 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.

Pr.m.
L.hy.
P.c. Y Su.  Pet.p.

Fig. 78.—M+izophyes tadpole, stage B.—Lateral aspect.

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
gtudied in three later stages of Mizophyes and in a very complete set of stages in the development
of Limnodynastes. It has been possible to compare stages in the development of the smaller
Limnodynastes 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 Csv.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.1b2.

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

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 Csv.3 appears to be entirely aborted. It is, however, possible that some of its anterior
fibres are incorporated along the posterior margin of the Cav.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.

C Adel.s.

Fig, 79.—Four iilustrations to show different origing of the same uscles in fishes.

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 Mizophyes
in which the mouth is just beginning to extend back and along the side of the skull, and whilst
the superior labial eartilages 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 Mivophyes 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 Temporalis but, even in the adult, it is st:ll readily separable as a
superficial and lateral portion of that muscle. :

The Pterygoideus and Temporalis alter only in their changed direction ; the fermer 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-mandibalaris (Masseter) and Masseter minima first make their appearance
whilst the last half of the tail is being absorbed, and they were found from the firgt 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 métamorphosed 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 mediad, 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 ferm and the genio-
hyoideus becomes divided up into the component parts of the adult during the same period.

The laryngeal muscles of the late tadpole consist of a dorso-laryngeus and a Sphincter
Larynget, this latter being incomplete anteriorly and. dorsally. ‘

In addition to these the posterior fibres of the constrictor pharyngei are inserted into the
' same tissue as the anterior ends of the sphincter.

COMPARISON WITH NEOCERATODUS AND THE FISHES.

Watson (1926, pp. 184-5) 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 strlkmgly in a comparison of Lepidosiren with & perennibranchiate Urodele, and are not .
nearly so pronounced if Ceratodus be compared with a frog or a Ceecillian.”

This insistence on comparison with adult forms and the neglect of the larval stages of the
remaining Urodeles and of the Anura is peculiar. 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 terrestrial forms. But that he should overlook the fact that the aquatic forms may be
regarded as having been 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 comparable with all the
recent Amphibia, with the possible exception of the aberrant Caecilians. Even in the latter,
as we shall see later, the adult structures of the head indicate quite clearly that they too are
comparable with those most primitive amphibians, the Dipnoi, = Watson’s descnptlon of Neo-
ceratodus as a ** modern fish ” is quite incomprehensible. '

The muscles of the anuran tadpole present a somewhat bewildering resemblance to the Dipnoi
on the one hand and to the fishes on the other. o '

Let us consider first the muscles of the mandibular segment. .. The submentalis 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 dmia
or Polypterus. Omn the other hand, this last muscle is as clearly homologous with the inter-
mandibularis of the Dipnoi. This is the more apparent when the tadpole muscle is compared
with that of the 19 mm. larva of Protopterus (vide Edgeworth, 1926, plate IV, fig. .19). The
Dipnoans, however, have no submentalis 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 ariging laterally thereto as
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in the Dipnoi, there has been a remarkable division of the latter group of muscles which can only
be compared with that which has taken place amongst the fishes.

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 Pterygoideus in every description.

Several modifications of the M. levator labii superioris were observed amongst the Selachians.
These are apparently illustrative of possible stages in the conversion of that muscle into the
pterygoid adductor of the lower jaw. These were observed and described in various members
of the Selachii and confirmed, it appeared, in 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 fishes 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 stages in the change of the origin of the pterygoid muscle from anterior to the
orbit to behind it. In all four instances the ramus mandibularis of the Vth nerve lies between
the parts of the pterygoid muscle below and the temporo-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. Resembling in its origin also all those fishes which retain the
primitive origin of the muscle.

The Temporalis is either the adductor labii supenons or the muscle which, in the work on
Callorhynchus, I designated the retractor anguli oris. The insertion of this latter muscle 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-mandibular fascia, into the maxillo-labial bone as well.

It now becomes clear that the origin of this muscle in the tadpole lateral to the 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. temporo-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 premaxillae 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 determination. 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
last 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 last 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 is 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 unable to state so definitely, I am of the opinion that in the tadpole the Csv.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
80 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 muscles. The very definite attachment of the
muscle in the tadpole, to the lateral end of the hyal cartilage, would appear to be evidence that
we have to deal with a true interhyoideus, as we know that muscle in the elasmobranch fishes,
and that the posterior portion of the pars primitiva, which gives rise to the superficial muscle in
the elasmobranchs, is not developed in the tadpole at all.

If it should subsequently be shown that the Csv.3 is really a caducous Csv.2, then it will
also have been proven that the superficial ventral 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. The musculi marginales are without reasonable doubt
completely homologous with the interbranchial muscles of the Dipnoi and Elasmobranchs. . The
subarcualia obliqui.and. recti are also fairly certainly homologous with the mmllarly na,med
muscles in the Dipnoi and bony fishes.

Although in the tadpole there is but one single slip representlng the several present in both
the Dipnoi and the Elasmobranchii, there is no reason to doubt that this single slip is hemologous
with one or other of the components of the coraco-branchialis.

} The homology. of the muscles which I have designated superficial.dorsal branchial constrictors
is by no means clear, In their situation on the wall of the branchial chamben, 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 VIIth 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 chamber of the Dipnoi, one cannot entirely overlook, and disregard, the fact that
it has come to oceupy that situation. This gives rise to the suggestion that the muscles may be
the levatores 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 are found te continue the deep constrictors
dorsad ; they are, as it were, the dorsal continuation of the interbranchial musecles. In the
tadpole the musculi marginales, which we have seen to be homologous with the interbranchial
muscles of the elasmobranch fishes, are placed more deeply than those Whmh 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 musculi marginales of the Axolotl.
There appears every reason to believe that these museles 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 _thé elasmobranch fishes.

Although the evidence is not conclusive, it is believed that the'designatrion which I have
given these muscles is more correct than it would be to designate them branchial levators.

Rawa.

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 continued assistance. My work on the Amphibia, is based very largely on material
be has presented to me.

The youngest of these is a tadpole, fully grown, with small hind legs and very sndall fore-
limbs tucked deeply beneath the surface. The most advanced has but a mere stump of a tail,
the mouth, relatively, 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, metamorphosis
is almost complete. The other eight stages are intermediate between these, and each is slightly
more advanced than the one before it. They are in fact a thoughtfully selected series of the most
instructive stages in the late steps of the development of the cephalic and capiti-pectoral muscles.
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Being of large size these specimens were all good dissection subjects, and they were excellently
preserved. Before dissection they were carefully skinned and then stained with picric acid.*

These ten stages have been preserved after dissection, in my collection and are marked
Rana pipens, Nos. 1 to 10.

They are so essentially similar to comparable stages in the development of the Australian
frogs 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.

The metamorphosis of the mandibular muscles is very clearly presented in stages 4 to 10.
It is noteworthy that all the divisions of the adductor muscles of the lower jaw found in Mizophyes
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 muscles elevating the lower jaw of the
adult Australian frogs are quite well developed.

The ventral constrictors develop just as in Mivophyes.

The levator hyoidei is rather weaker in Rana than it is in Mizophyes ; 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 annulus, superficial to the depressor. Earlier stages in its absorption
are seen in stages 8 and 7.

The M. interhyoideus develops as in the Australian frog. - Behind the interhyoideus, and
separated from it by a marked interval, there is, in stages 1 to 5, the muscle which I
have designated the inferior branchial superficial constrictor. In Ranra 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 I detect any innervation 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 the superficial branchial dorsal constrictors are completely caducous. They are rather
more weakly developed than in Mizophyes, 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 right across the path
these muscle fibres would have to take were they to grow down to reach the outer ends of the
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 after the other. The two edges are brought close together and partial closure
results in a row of small perforations along the line 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-looking mass.

* Experience has taught me that dissection specimens which have been stained in picric acid should be very
thoroughly washed with several changes of spirit before being put away to keep. If this precaution is not taken they
darken very much and the differential staining is almost entirely lost, all the tissues turning a dark bronze-green.
I have also found that a better differential colouring is obtained by staining with carmine first and with picric acid
afterwards, than is obtained with picrocarmine mixtures, but great care must be taken that the carmine stain is very
light ;. for dissection purposes carmine very readily overstains in the absence of the picric acid.
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The development of the Omohyoideus in Rana is as in Mizophyes, as also is the development ’
of the Cucullaris.

8. The Urodele 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 tigrinum, but he has also given me sets 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 these
measuring thirteen to fourteen millimetres in length, practically all the muscles of the largest
larvae 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, Csv.la (Fig. 80), appears in the 13 mm. larva as a compact little 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 Meckel’s
cartilage in the larva and from the periosteum of the dentary in the older specimens.

The Intermandibularis, Csv.1b (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.

"SR
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Csv.la Csv.1lb,Csv.2a Csv.2b
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 recognizable.

The Pterygoideus (Fig. 80, Pt.) is the muscle which previous writers have designated
temporalis ; Lightoller 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 temporalis.

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 capsule under cover of
the temporalis and laterally to the deeper portion of the pterygoideus. The insertion is into the
inner 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 courss, 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 innervated by tw1gs from the ramus
mandlbulans V as it passes between them.

Tae CoursE oF THE RaMr or NErves V anp VIL

The situation of the main divisions of the Vth and VIIth relative to the skull and the muscles
ig 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 maxillary
ramus and ramus ophthalmicus superficialis next depart together. There is no reason to doubt
that the ramus maxillaris is joined by the ramus buccalis VII in the Axolotl, as it is in Siren,
and that a ramus ophthalmicus superficialis VII joins the ramus ophthalmicus superficialis V.
Norris 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 trunk of these last two rami the
remainder of the Vth nerve, the ramus mandibularis, courses 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 turns
ventrad across the external, lateral, surface of Meckel’s cartilage between it and the internal
surface of the dentary bone. It thus reaches the ventrum 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 buccalis 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.

-T 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 large communicating braneh 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, turng backwards through that muscle and roachos the surface of the interhyoideus
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 skin 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
externus 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 ingertion of the muscle and crosses the muscle in a cephalo-dorsad direction.
It crosses superficially to the ramus mentalis 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 communicating branch
from the ramus maxillaris V-VII. I have failed to find that branch of this nerve which, in
Siren, runs along the ventral border of the lower jaw, or, it may be, I have failed to find the
ramus 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 geveral 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
gtrands of cells, 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 thin 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 fibres 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 a.ntenor tip, and (3) the
depréssor mandibulae.

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 Cgv.2.

The Csv.2a (Fig. 80).—The anterior and major portion of the ventral superficial hyoid
constrictor is very similar to the Csv.1b. 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.Ib
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 Csv.2b (Fig. 80).—This posterior portion of the hyoid constrictor arises 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 Csv.2b free from the interhyoideus right up to the tip of the epibranchial
cartilage. The fibres of Csv.2b are parallel with those of Csv.2a and are inserted behind 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 connective 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 line with the intermuscular septum between
the dorsal and lateral trunk muscles. Some of the posterior fasciculi arise from the connective
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) the insertion is by a short stout tendon 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 Driiner (1903) and other observers. The muscle arises from the deep fascia
close to the dorsal end of the first-epibranchial cartilage just posterior to the top of the first gill
cleft. It passes ventrad and cephalad in the opercular membrane, along the ventrum of the
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ceratohyal, to be inserted into that face of the cartilage from the angle thereof to the anterior
tip. The two muscles do not meet in the mid-line.

Innervation.—The muscle is innervated by twigs from the ramus jugularis of the hyoid trunk
of the VIIth nerve.

Ep.
Fig. 81.—The Axolotl.—Sagittal section from a 13 mm. embryo.

MUSCLES OF THE BRANCHIAL SEGMENTS.

The Superficial Dorsal Branchial Constrictor muscles (Fig. 80, Csd.) 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 varying
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, Csd.6, ends in the free edge of
the membrane ; there is no fourth external branchia.

Innervation.—Twigs of the IXth and Xth nerves were traced to these muscles in the larger
larvae.

The Interbranchial Muscles (Musculi marginales) (Fig. 82, Mm.1-3) or first, second and
third branchial muscles of Driiner, arise from connective tissues close to the tips of the second,
third and fourth epibranchial cartilages and pass thence, parallel to the interhyoideus, 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 placed 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 nerves.

The Constrictor Pharyngei (M. transversus ventralis of Lightoller) (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 &
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-accessorius
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 as
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
ingerted 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 origin to insertion. Stained and ecleared
preparations show no sign of any interruption across the muscle.

Innervation.—This is probably by twigs from the nervus intestino-accessorius as in Siren.

HyPOBRANCHIAL MUSCLES.

All these muscles are innervated by the ramus intestinalis recurrens. Norris (l.c., p. 233)
points out that there is here an invasion and capture of the territory of the primitive post-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 & motor
supply to this muscle from the ramus intestinalis 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.0.) 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.



160 MEMOIRS OF THE AUSTRALIAN MUSEUM.

The Claviculo-hyoideus (Fig. 80, Co-hy-br.) muscle has been designated by previous writers
the omo-arcualis and the procoraco-arcualis ; 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 cornua of that cartilage. The muscle walls-in the pericardium below and
on both sides, it increases rapidly in bulk posteriorly, is interrupted twice by tendinous inter-
sections just in front of the shoulder-girdle, and finally merges completely with the metamerically
interrupted abdeminal muscles, under cover of the shoulder-girdle.

The Genio-glossus 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 cornua are so completely clothed by the coraco-branchialis that the genio-hyoideus
appears to be inserted on to the ventral surface of this other muscle.

TaE CAPITI-PECTORAL MUSCLES.

The Infraspinatus and Latissimus Dorsi muscles are included here in order to establish the
position and relations of the Cucullaris and Attrahens Scapulae muscles.

The Cucullaris (Fig. 80, Cu.) arises from the lateral intermuscular septum 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 cranium just laterally to the origin of the lateral trunk muscles. The muscle expands
into a thin narrow ribbon as it extends directly backwards, with a slight inclination ventrad,
beneath the cucullaris and dorso-laryngeus to be inserted into the 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.

COMPARISON WITH THE ANURAN TADPOLE.

The muscles of the mandibular segment.—The ventral superficial constrictors differ only in
that the Csv.lb is more extensive in the urodele than in the anuran larva. )

In the identification of the pterygoideus 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 urodele
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 urodele 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 side of the mouth, but it is possible that this 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 assume 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 urodele.

The quadrato-mandibularis of the urodele must be accepted as representing the massetericus
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 just as in the Dipnoi, but is not interrupted by any
skeletal structures on either side as it rises to its origin from the fascia dorsalis. - In the older
Axolotls the extent of its origin is reduced by the relative backward growth of the lewer 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 elasmobranchs and with part, at least, of the protractor hyoidei of the bony fishes.

4. Perennibranchiate Urodele.
Necturvus (Figs. 83-84).

The following description is based on the dissections of Necturus maculatus. This dissection
has been carried out with Wilder’s account of the muscles of the head of Siren lacertina (1891)
and Norrig’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 Csv.2a. He
describes an intermaxillaris anterior which includes the Csv.la, Csv.lb and the Csv.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.1b
and: 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

pt.a F.pr. Pt.p.P.cCe Po.ne.

Fig. 83.—Necturus.—Lateral aspect of the more superficial muscles. The
M. temporalis has been detached from its 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 musecle 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 the 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 Pterygoideus.—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
intermuscular septum (ligamentum intermusculare mediale, of Wilder), the fascia covering the
anterior end of the dorsal trunk muscles and a small area of the dorsum of the skull just in front
of the origin of these last muscles. The muscle has a central tendon into which the fibres are
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
rostrad, laterad and ventrad ; from its anterior apex the tendon issues and continues in the same
direction to become attached to the inner 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.—dJust where the tendon issues from amongst the muscle fibres this muscle
passes directly dorsad of the foramen prooticum from which the Vth and VIIth 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 dorsum of the skull from medial to the auditory capsule
posteriorly, forward, till its anterior margin lies above and medial to the anterior boundary 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 boundary of the eye. 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 front of the ophthalmicus profundus 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 surface of the mandible for a short distance in front of the joint. The anterior fibres
and anterior margin of the tendon pass below the eye to this insertion.

Innervation.—This also is by a nerve which was traced only to the closely packed branches
of the V-VII complex in the opening of the foramen prooticum, again doubtless a branch of the
R. mandibularis V. )

The deep portion of this musecle, 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, l.c., 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 externus which will be
found in the reptiles. . It is probable that this is the muscle which Wilder describes as the pterygo-
maxillaris, although it is markedly different from the muscle in Séren as he describes it. It is
very definitely not wrapped around the inferior surface of the mandible at its insertion to become
subdermal as he describes. Norris depicts the ventral end of the muscle in Siren and shows it
subdermal (Norris, l.c., Fig: 11).

The ramus mandibularis V, when it leaves the foramen prooticum, turns sharply laterad
and slightly dorsad and then turns ventrad through the temporalis muscle, a good deal closer



THE EVOLUTION OF THE SKULL—KESTEVEN. 163

to the deep surface than to the superficial. It reaches the upper edge of the ramus of the lower
jaw behind the insertion of the temporalis and then turns forward along the jaw. It follows
from this that the whole of the pterygoid muscle lies medial to the merve. The composite
supraorbitalis and infraorbitalis trunks also issue from the foramen prooticum, they run directly
forward with but a very slight inclination dorsad on the lateral surface of the pterygoid musecle
medial to the ligamentum intermusculare 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 cerato-hyoideus externus, but that in the larger specimens this was not possible. In Necturus
the origin of the Csv.2b is from the fascia covering the cerato-hyoideus externus, interhyoideus,
along a line which runs 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 just where it turns
dorsad behind the angle of the jaw. Wilder (1891) designates the Csv.2 ** intermandibularis
posterior . Driiner (1903) terms the Csv.2a the * interhyoideus ”’, and the Csv.2b he calls the
*“ cephalo-dorso-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 and
internal surface thereof. He further says that the posterior division innervates the posterior
portion of the intermandibularis 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.1 was reached.

The ramus jugularis of the VIIth 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.).—This arises from the back of the suspehsorium 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 musecle, into the posterior end of the mandible. The upper half of
the deeper surface 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 Notognathica (Fig. 83, P.n.).—The origin of this more massive part of the muscle 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 bound to the upper half of the first epibranchial cartilage. The inferior
surface 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 innervated by a branch from the hyomandibular
trunk of the VIIth which divides to supply this muscle and the levator hyoidei. The nerve to
the pars notognathica comes from the ramus jugularis. I only find one such ; Norris deseribes
two in Siren.

The Levator Hyoidei (Fig. 83, L.hy.) is a small compact muscle which arises 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 innervates the muscle which. covers it, k
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This muscle is of some interest on account of its presenting a partial fusion of the levator
hyoidei and the pars cephalognathica of the depressor mandibulae. Although intimately knit
to the more superficial musele 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 union. } :

Edgeworth describes and illustrates this muscle in 14} 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 (Drimer and Norris).

The Interhyoideus (Fig. 83, C-H.e.) (Cerato-hyoideus externus, Wilder, 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-cephalic
membrane just in front of the cartilage. The musecle 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 which is itself inserted into the
branchio-cephalic membrane. The fibres inserted into the epibranchial cartilage arise from &
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-branchialis) is not one of the hyoid musecles, 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, Driiner. ‘Wilder.
Subarcualis rectus (I) Ceratohyoideus internus Ceratohyoideus internus
Subarcualia recti II-IV Subarcualia recti Constrictor arcuum branchialium
Superficial dorsal branchial constrictor: Levatores arcuum branchialium Levatores arcuum
Subarcualia obligui : Subarcualia obliqui Protractor arcus ultimi
Interbranchiales. Branchiales. Depressores Branchialium.
Mm. marginales; Interbranchialis TIX Hyo-trachealis
Constrictor pharyngei Interbranchialis IV Dorso-trachealis
Dorso-laryngeus Dorso-laryngeus A and B Dorso-laryngeus

The Subarcualis Rectus I (cerato-branchialis) arises from the posterior surface 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.

Innervation (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 number; they arise from the
fascia dorsalis along a curved line which commences in front at the postero-dorsal corner of the
superficial surface of the pars cephalognathica and extends caudad with a convexity dorsad to
the antero-dorsal corner of the suprascapula and infraspinatus muscle. - The fibres of the first
musecle 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 innervation,
under the designation second branchial levator. He describes the first levator as being innervated
by the first branchial nerve, ramus post-trematicus IX. This holds true for the deep levator of
the first arch. The first superficial dorsal constrictor is innervated 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 almost directly ventrad and laterad. Like the other three the muscle is
wider at its origin than at its insertion.

Innervation.—A branch of the second branchial nerve.
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The Third Constrictor i3 inserted into the tip of the third epibranchial. Its fibres have a
general direction laterad, ventrad and caudad.

Innervation.— A branch of the 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. -

1
Pt.p.L.hy. Sec-t

Fig. 84.—Necturus.—The same as Fig. 83, but with the Mm. depressor mandibulae
and interhyoideus detached and turned down.

The muscle arises from the postero-internal and dorsal corner of the auditory capsule
immediately medial to and above the uppermost corner 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 surface of the first
epibranchial cartilage on a level with the top of the origin of the interhyoideus.

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-
trematicus 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 were not found in Necturus.

The subarcualia recti, including the first (cerato-hyoideus internus) are essentially similar
to those of the Axolotl.

The Constrictor Pharyngei arises from the fascia dorsalis immediately behind, and in contact
with, the fourth superficial dorsal constrictor, from the membrane into which that constrictor
is inserted, immediately ventral to its line of insertion and from the third epibranchial cartilage.

N
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There is little doubt that this 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 truncus intestio-accessorius 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 Caeciliang, a general survey seems desirable.

. The next section of this paper will be devoted to the study of the adult anatomy of the
Anura, Caducibranchiate Urodeles 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 musecles of the elasmobranch fishes ;
most of these will later be found further modified in the abranchiate amphibians and the higher
tetrapods.

Before passing to these more modified forms it is proposed to review again the muscles, 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 whieh that nerve belongs. There
are, of course, exceptions to this generalization, and, where those exceptions are recognizable,
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 homologies were to be determined, but
whose development was not known in stages early enough to establish, beyond doubt, their
gegmental origin ;° the levator hyoidei of the anuran 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 the muscle
to skeletal structures and/or a comparable muscle in one or more other forms to which one was
able to appeal.

TEE MuscrLEs oF THE MANDIBULAR SEGMENT.

On the ventrum of the head it has been found 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 the 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 division into a submentalis and intermandibularis.
It will be remembered that in not a few of the elasmobranchs this muscle, in its posterior portion,
extended dorsally superficial to the ramus of the lower jaw. This condition was particularly
noted by Lightoller, who designated it the Csv.1b or pars extramandibularis. There is no trace
of any pars extramandibularis in the amphibians we have 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 the
amphibians only derivatives of the mandibular adductors. The levator maxillae superior (L.1)
and the first- dorsal superficial constrictor (Csd.1) do not appear to have persisted in any form at
all.* Lightoller is of the opinion that the L.1 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-ball, levator bulbae and palpebral
muscles, etc., are innervated by the Vth nerve, and by the mandibular ramus thereof, this is evidence that they are
derivatives of the mandibular muscle plate. 8o far the argument is probably sound, but it might be further argued
that their dorsal situation indicates that they may be regarded as derivatives of the missing dorsal muscles. Thig
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 the derivatives of the adductor muscles of the primitive
fishes is also reserved till later.

THE MUSCLES OF THE HYOID SEGMENT.

It will be remembered that in the elasmobranch fishes there were, in this segment, superficial
dorsal and ventral constrictors, deep constrictors, dorsal (the interbranchial muscle, Csd.2a or
pars quadrato-hyoidea of Lightoller) and ventral (the interhyoideus), and the levator hyoidei.

In the amphibians the hyoid muscles are depressor mandibulae, levator hyoidei, interhyoideus
(the cerato-hyoideus externus) and the ventral superficial constrictor. In the Dipnoi there is,
in addition, a dorsal superficial constrictor and a retractor mandibulae, the depressor mandibulae.

TaHE DEPRESSOR MANDIBULAE.

This musele is of particular interest because it has generally been regarded 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 cephalognathica being derived from the levator hyoidei and
the pars notognathica from the pars quadrato-hyoidea ; 8 somewhat similar, but not so explicitly
expressed, opinion was held by Driiner and by Gaupp.

It appears, however, that the pars cephalognathica may, itself, be a composite muscle.

Lightoller’s conclusions were founded on a study of the muscles of the Axolotl and adult
Megalobatrachus, in neither of which has any levator hyoidei been preserved. It would appear
that he was unaware of the fact that a levator was present in some, at least, of the perenni-
branchiate urodeles, and, so far as I am aware, there had been at that time 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 ; I 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 VIIth 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 Siren and in Necturus. .

It can be stated quite eonfidently that the levator hyoidei of the anuran tadpole is a caducous
muscle and that it takes no part in the formation of the depressor mandibulae in the Anura.
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 levator ; there is always a considerable gap between the two muscles. '

On the other hand, I have observed in the 13-14 mm. larva of the Axolotl (Amblystoma
tigrinum) that a few of the deeper fibres of the pars cephalognathica of the depressor are inserted
into the tip of the ceratohyal. These few fibres may be regarded as a very transient levator
hyoidei, but the pars cephalognathica is at this stage a well developed muscle, and these few
fibres form but a very small portion of the whole.

In Necturus, and presumably also.in Siren, the levator hyoidei is related to the pars cephalo-
gnathica precisely as this little transient muscle is to the larger in the larval Axolotl, and the two
muscles are innervated by twigs of the one branch of the VIIth nerve. In Necturus, however,
the levator maintains its identity throughout 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
armphibians, but which in some other forms appears conceivably due 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 which this muscle is shown and
designated Suspensorio-hyoideus.
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) It will be remembered that in the anuran 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 ram. 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 the posterior end of Meckel’s cartilage.

Now it will also be remembered that in the Dipneumona there is a retractor mandibulae
which is formed from the middle portion of the hyoid muscle plate. Edgeworth’s description of
the development of this muscle hag already been quoted. It is attached, in front of the dorsal
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 the
fact that in the Anura, at least, the depressor is certainly 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 this retractor of the dipneumonous dipnoans, and perhaps with
those lateral fibres of the interhyoideus of Neoceratodus which arise from the mandible.

It further seems probable that this muscle is homologous with the pars guadrato-hyoidea
of the elasmobranchs. 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 hyoid segment
was probably really 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-hyoides 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-ventral sheet
behind it.

This homology, however, in view of the evidence, cannot be regarded as excluding the
possibility of the hyoid levator being a contributor to the cephalic head of the depressor in
tetrapoda other than the Anura. It is possible that in these last the articulation of the ceratohyal
to the meta-pterygoid, by divorcing the levator from the rest of the muscle, introduced a
peculiarity into the history of these muscles which is not present in other tetrapods, in none of
which does the articulation of the ceratohyal and the suspensorium 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 disseet, it was not possible to demonstrate the muscle at all ; when first
it appeared it was a very narrow muscle immediately behind the jaw. As the dorsal portion
of the Csv.2b grew smaller and smaller, this muscle increased in bulk. One gained the definite
opinion that this posterior head of the depressor was developed by the transfer of the dorsal fibres
of the constrictor sheet to the mandible. Druner was of the opinion that the depressor could be
divided into a deep layer derived from the hyoid levator and a more superficial layer which he
derived from the cerato-hyoideus externus. It is possible that he 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. ' k

Tt 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 constnetor 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 inferiorly 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 Anura (and Lepus) the lower end of the hyoid myotome,
after its separation from the interhyoideus, becomes separated from the part above to form a
hyomaxillaris muscle which, later, gives rise to the inner portion (cephalic head ?) of the depressor
mandibulae. He further states that in the urodeles, Necturus and T'riton, a corresponding
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 presumably in Siren, is represented by
the conjoined tendons of the levator hyoidei and of the pars cephalognathica and, moreover, there
is a well-defined and relatively large levator hyoidei muscle developed in these two genera. One
is compelled 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 urodele larvae I have been able to recognize them in, there has been a well
developed Csv.2b extending dorsally behind them. Further than this in these 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 Csv.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.
Orbito hyoideus Dilator hyoidei
Suspensorio-hyoideus Levator hyoidet
Cerato-hyo-angularis Pars notognathica s
Suspensoric-angularis Pars notognathica } Depressor mandibulae
Massetericus (tadpole)
major
' Quadrato-angularis Masseter minor ~LAdult
minimus | -

THE INTERHEYOIDEUS AND THE SUPERFICIAL VENTRAL CONSTRICTOR.

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 writers. The interhyoideus has been fairly
constantly designated cerato-hyoideus externus.

Lightoller has homologized the anterior portion of the Csv.2 w1th the interhyoideus of the
selachians, and the posterior portion he regards as the homologue of the pars inscriptionalis
of the hyoid superficial ventral constrictor, and there is no doubt 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 so, but in the Anura the only superficial ventral constrictor
is certainly 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 seem 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 anterior 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 ventral constrictor derivatives and its fibres
have a nearly longitudinal direction, similar to that of the cerato-hyoideus externus.
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It is demonstrable, then, that the interhyoideus 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

with the interhyoideus of the selachians.
. The alternative is to regard this amphibian muscle as a quite new muscle, and to this one
might be persuaded by the insertion of the anterior portion of the Csv.2a deep to the Csv.lb.
In this connection it may be pointed out that the posterior portion of the Csv.1b (Csv.1b?) is
itself inserted deep to the anterior portion (Csv.1b!) of the same muscle in the frogs.

In the Dipnoi there is an interhyoideus muscle deep to the superficial hyoid constrictor,
but there is no cerato-hyoideus externus.

Having in mind the fact that the Csv.2 of the perennibranchiate 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 arcuata of the selachians.

In the Anura there is no cerato-hyoideus externus. The interhyoideus has been modified
to act as a Csv.2. :

THE MUSCLES OF THE BRANCHIAL SEGMENTS.

In the selachians the muscles of these segments were superficial dorsal and ventral constrictors,
interbranchial muscles, levators, epibranchial spinal muscles, epiarcualia obliqui, adductores
arcuum branchialium and coraco-branchiales.

In the amphibians generally, the following are seen : superficial dorsal constrictors, inter-
branchiales, subarcualia transversi, obliqui and recti; in particular groups there are also one
single branchial levator, a single coraco-branchialis, and possibly a ventral superficial constrictor
sheet.

ToE SUPERFICIAL DORSAL CONSTRICTORS AND THE BRANCHIAL LEVATOR.

The discovery of a veritable branchial levator in Necturus may be regarded as providing
partial confirmation of the identification of the so-called levators of the amphibians as the
homologues of the superficial dorsal constrictors.

These muscles are four in number in every 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 musculi marginales, and these latter are, apparently
beyond question, homologous with the deep constrictors 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
musculi marginales 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. marginalis.

TaE 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 branchial 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 constrictors (levators), that the middle portion gives
rise only to the Mm. marginales, and that from the ventral portion there are developed the various
ventral muscles.

The superficial constrictors in Amblystoma very certainly give rise, at metamorphosis, to an
anterior portion of the ‘cucullaris.

The Mm. marginales in all forms are completely caducous.
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The fate of the superficial constrictors in the Anura is not so clear.

In the fourth branchial segment there is no M. marginalis developed in any of the amphibians
which has yet been studied.

In well advanced tadpoles of various anuran species I find the following muscles : ‘superficial
dorsal branchial constrictors (the so-called levators), constrictor pharyngei, omo-hyoideus,
cucullaris, 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-branchialis (subarcualis
rectus I of this work) and Mm. marginales, 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 anura which I have studied the four muscles which are attached below as just
described are the constrictor pharyngei (petrohyoidei anterior), dorso-laryngeus, cranio-hyoideus
and cranio-laryngeus (petrohyoidei posteriores), and these are fully developed whilst still three,
at least, of the constrictors are short muscles, 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 (Le.) further says that in the 12 mm. larva of Rana there is a downgrowth of the
fourth levator forming the diaphragmato-branchialis lateralis of Schultze. Its upper end, he
says, becomes attached to the fourth bar, its lower end to the diaphragm, and that the cucullaris
is formed early in metamorphosis from cells proliferated from the outer surface of this levator.

I find the cucullaris 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-branchialis
lateralis of Schultze.

Tt is possible that both these muscles are derived from the upper end of the fourth branchial
muscle plate.

The insertion of the constrietor pharyngei into the mid-ventral raphe and its situation
immediately behind the fourth branchial arch leads one to identify it as the fourth subarcualis
transversus with some confidence, notwithstanding the fact that one has been able to observe
it to grow downward from above. It may be suggested that there is incorporated with it the
missing fourth M. marginalis, 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 Anura.

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, Necturus, and the Axolotl, the musele 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
derivatives 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 its
‘anterior part, which appears first; it is a derivative of one of the branchial muscle plates. Its
innervation in the adult by the first and/or second spinal nerve by way of the hypoglossal nerve,
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 perennibranchiate forms.

In all these the branchial skeleton has given place to the “ hyoid " skeleton which, variously
modified, acts as the support of the tongue throughout the higher vertebrata. This profound
modification of the visceral skeleton has naturally been accompanied by equally profound
modifications of the musculature,; 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
metb 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 ()F THE MANDIBULAR SEGMENT.

The Csv.1a and b are similar to the muscles in the Axolot] as also are the museles 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 curved eylindrical 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 Csv.2a arises from the dorsal surface of

Csve2a.

Csv.2b
jrdco

T TR

R.ab. C.P+ D.1. L.v. g,py20.A.hy.5¢:
Fig. 85.~—dAmblystoma. The museles 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. Actually its origin is from a strong fascia, covering this
muscle, which is bound in front to the fibrous capsule of the maxillo-mandibular joint and behind
to the pectoral girdle. The greater 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

* Wig. 85 is a slightly schematic illustration of the ventral musculature of 4mblystoma. Besides the muscles
described in the text, the following structures are shown. . The hyoid skeleton, 8rd 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 the scapula, 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 énd of the hyo-glossus muscle is represented as geen through the hyoid plate
and cornua ; these latter are indicated, where they are dorsal to the museles, by dotted outlines.
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- position of the superficially placed upper end of the interhyoideus and the superficial constrictors,
arising from the fascia dorsalis. This statement, it should be understood, is relative for, to judge
by the specimens at my disposal, there has been an actual condensation of structures in this area
go 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 processes ; 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 around 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 comes 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 middle 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 this 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 proximity to the submentalis ; it may be a portion
of the genio-glossus.

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 internus, interbranchiales 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 internus.

Interbranchiales 4 and 5 and the dorso-laryngeus have been, it is believed, identified, as
also the ‘‘levatores arcuum branchialivm . Notwithstanding this agreement in the number
of the muscles it will be found that my description is radically different from that of Driner.

The superficial dorsal constrictors (levators of Driner) are believed to have given rise to a
cephalic head of the cucullaris. 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 found 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 superficially to this closely knit portion of both muscles.
In both Necturus and the Axolot] 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 superficial constrictors in the Axolotl and in Neciurus, as well as from an
origin which 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 line and extends down almost to the insertion of the musecle.

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
membrane to & new insertion on to the scapula along with the cucullaris.

Innervation.—Though I cannot state it as a fact, I believe that this interpretation of the
origin of the cephalic head of the cucullaris is further supported by its innervation. -I find three
nerves entering the deep surface of the musecle.. Two of these come from a nerve which is believed
to join the ramus intestino-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 Dorso-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 pharynx.
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 number, four to seven, of groups of fine strands
of fasciculi 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 cornua 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
the rest by a constant small interval ; it is believed to be the M. dorso-laryngeus.

The remainder of this narrow sheet of muscle fibres is homologized with the M. constrictor
pharyngei of the Axolotl. The origin has been transferred from the last branchial cartilage to
a higher fixed point. Whilst thus 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 the 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 muscle 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 slit-like closed larynx.

Innervation.—This is from the truncus intestino-accessorius X.

It seems possible that Driiner’s description of the muscles of the adult Amblystoma 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 have 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 the 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 derivatives 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 Edgeworth, 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 ridibundus the cucullaris is developed from split-off portions of the occipital myomeres.
It may be remembered that Edgeworth has already been quoted as stating specifically that the
cucullaris of Rana is developed early in metamorphosis from cells proliferated from the outer
surface of the fourth 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 unquestionably 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 increased in width and slightly in thickness,
otherwise it is as in the Axolotl.

The claviculo-hyoideus is now quite clearly differentiated into three separate muscles, the
hyo-abdominis, the hyoglossus, and the omo-abdomino-hyoideus.

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, 0.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 intermediate fibres radiate between
these two insertions. . In similar manner the fibres which are attached to the scapula radiate
widely, the most posterior pass directly 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 inscription is found running transversely across it just where the narrow anterior
portion definitely commences to widen out, and another inseription, which passes obliquely from
behind forward and laterad, commencing at the lower end of the inscription of the rectus abdominis
and ending a short 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 certainly homologous with part, at least, of the omo-hyoideus of the Frog.

The Hyo-glossus (Fig. 85, H.gl.) muscle arises actually as the anterior 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 rounded
musele. This continues forward under cover of the genio-glossus and medially to the omo-
abdomino-hyoideus. Alongside of the origin of this last muscle, 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 cornu.

The Abdomino-hyoideus (Fig. 85, A-hy.) arises as the forward continuation of the middle
strip of the rectus abdominis. The two muscles lie side by side dorsally to the posterior end of
the genio-hyoidei. They are short flattened muscles which are ingerted into the posterior edge
and ventral surface of the post-hyoid ossicle.*

The Genio-glossus (Fig. 86, G.gl.) is a very thin sheet of muscle fibres which arise from the
inner surface of the mandible, close to the upper edge, for a short distance on each gide 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
antérior edge of the hyoid plate. The two muscles arise almost together at the mid-line. The
fibres pass caudad and laterad and terminate in the substance of the tongue.

Innervation.—All the hypobranchial spinal muscles are innervated by the hypobranchial
nerve from the Ist and IInd spinal nerves.

Plethodon and Diemyctylus.
(Fig. 86.)

Of these genera I had for dissection two specimens each of P. glutinosus 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 innervation of most of the muscles.

The two genera are described together because they are so essentially similar. Plethodon
is one of the Lechriodont salamandrine urodeles and, therefore, closely allied to Amblystoma ;
while Diemyctylus 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 ossicle is a small triangular plate of bone developed from the posterior end and cornua of the
basibranchial cartilage of the Axolotl. Into its two anterior edges the genio-hyoideus is inserfed into its base, that
posterior continuation of these muscles which is inserted into the tendinous mscnptlon 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 Submentalis (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 superficial constrictor muscles behind
the COgv.la.

The Intermandibularis muscle (Csv.1b) is divided into anterior and posterior portions, in
Plethodon, by a small triangular gap. This division is not present in Diemyctylus.

The musocle arises from the median surface of the mandible a short distance above the ventral
edge.  The line of origin commences & 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 transverse in direction and, in Plethodon, a few of these are apparently araphic. In
Diemyctylus 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 very delicate raphe is go transparent that the genio-hyoid muscle is seen through it quite

Fig. 86.—Plethodon. The muscles of the ventrum of the 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 found 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 found related to the muscles.

MuscLes oF MASTICATION.

There are present here the same three muscles as in Amblystoma. Except that they are,
relatively, smaller than in that genus no differences worthy of note were observed.

MUSCLES OF THE HYOID SEGMENT.

The Csv.2a arises from the posterior margin of the quadrate 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 ramus 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 Diemyctylus 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 their insertion lies medially to the shoulder
joint, instead of, as in Plethodon, 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 VIIth 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
Diemyctylus, in. which Csv.2a and b form a continuous sheet on either side of the mid-line, ig
intermediate between the condition of the muscle in Plethodon, Amblystoma, and Notophthalamus.

The Cerato-hyoideus externus (interhyoideus muscle) is present in both genera, and may be
seen. in 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 ariges from the squamosal
and posterior superior area of the skull. Whilst no actual separation into partes cephalo- and
noto-gnathica is visible, it was found 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.

Molge. (s. Notophthalamus.)

Material.—A single specimen of M. forosus, excellently preserved, which was received from
the American Museum of Natural History.

MUSCLES OF THE MANDIBULAR SEGMENT.

There is no M. submentalis.

The Intermandibularis musecle 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 mastication are sharply divided into pterygoideus and temporalis.

The Pterygoideus is very imperfectly divided into partes posterior, anterior, and internus.
The pars posterior arises from the mid-dorsal intermuscular septum above the posterior 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 musele of its own
side. Passing 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 their origin. At this point there is a superficial division
of the muscle, but the plane of separation does not extend deeply. In front of it the muscle
arises from the intermuscular septum and dorsum 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 its origin lifts off the skull quite cleanly. When it
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