
ON THE AUTOSTYLISM OF DIPNOI AND AMPHIBIA

By F. H. EDGEWORTH, M.D.

THOUGH the genealogies and affinities of Dipnoi and Amphibia have been
much discussed, the particular problem of the derivation and possible genetic
relationship of their autostylism and more or less marked monimostylism has
received little attention.

The subject has been discussed from two points of view, firstly as a problem
which affects each group separately, and secondly as one which is common to
both groups.

The autostylic and monimostylic condition of the jaw-apparatus of Dipnoi
was considered to be secondary by Huxley, Dollo, Bridge, Goodrich, and
Luther. On the other hand, K. Furbringer stated that it was not proven that
their autostylism was derived from a hyostylism, and was of opinion that the
primitive condition was one in which the mandibular and hyoid bars articu-
lated separately with the cranium.

Of these authors only Luther took account of the mandibular muscles, and
he suggested that a Levator maxillae superioris s. Constrictor i. dorsalis dis-
appears.

The autostylic and mostly monimostylic condition of Amphibia was not
considered by Semon, Assheton, and Kerr; it was thought to be secondary by
Huxley, Dollo, Pollard, and Luther; and was held to be primary by K. Fur-
bringer.

The majority of these observers did not take the mandibular muscles into
consideration, but Pollard thought that a Levator maxillae superioris dis-
appears, and Luther put forward the theory stated below.

According to Dollo and Bridge the conditions were separately acquired in
Dipnoi and Amphibia. Dollo thought that the condition in Dipnoi was an
adaptation to a "regime tritateur," but in criticism of this opinion Bridge
stated that such an explanation would not apply to Amphibia, and he also
pointed out some resemblances between the larval Anuran condition and that
of Marsipobranchii.

Huxley, Semon, Assheton, Kerr, and Boas did not discuss the problem.
Sewertzoff stated that the early stages of Ceratodus and Amphibia

(especially Urodela) are very similar, whilst the later stages diverge. K.
Furbringer considered that the Amphibian condition was derived from a
Dipnoan one. Versluys, who discovered the Levator quadrati of Gymnophiona,
held that their streptostylic condition is primitive. This theory was developed
by Luther, who stated that the semi-streptostylic condition of some Urodela,
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e.g. Hynobius, Salamandrella, is also a primitive one. He therefore rejected
the theory of K. Ffirbringer and held that, in any discussion of the relations
of Amphibia and Dipnoi, features which are related to their autostylism must
be left out of account.

In a paper published in 1911 I stated that the primordium of the
masticatory muscles of Scyllium, Acipenser, Lepidosteus, Ainia and Salmo,
separated into an upper portion-the Constrictor i. dorsalis or its homologues-
above the palatopterygoid process of the Quadrate, and a lower portion-the
Adductor mandibulae or its derivatives-extending from that process to the
Mandible. I also stated that the Levator bulbi of Rana is given off from the
upper surface of the Levator mandibulae anterior, and did not regard it as
homologous with the Constrictor i. dorsalis of Selachii and Teleostomi; nor did
I recognise a Constrictor i. dorsalis in Triton, Necturus and Ceratodus, and
regarded its absence as a primitive feature. I consequently looked upon the
monimostylic condition of Amphibia and Dipnoi as primary, and the strepto-
stylic condition of Selachii and Teleostomi as secondary, developed in correla-
tion with a division of the primordium of the masticatory muscles into upper
and lower portions, above and below the palato-pterygoid process of the
Quadrate.

The primordia of the Obliquus superior and Rectus externus in Selachian
embryos were looked upon as merely anterior projections from the upper ends
of the mandibular and hyoid muscle-plates to form these muscles, i.e. I doubted
'the v. Wijhe doctrine, and it was considered that the ocular musculature was
primarily formed solely from the premandibular somite.

These views have not passed unchallenged. Luther, in 1914, gave a full
account of the mandibular muscles of Amphibia., In this valuable paper he
came to the conclusion that the Levator quadrati and Compressor glandulae
orbitalis of Gymnophiona, and the Levator bulbi of Urodela and Anura are
the homologues of the Constrictor i dorsalis of Selachii and Teleostomi, and
that the other masticatory muscles of Amphibia are (collectively) the homo-
logues of the Adductor mandibulae of Selachii and Teleostomi.

In support of these conclusions he advanced the following arguments. The
Levator quadrati of Gymnophiona closely resembles the Constrictor i. dorsalis
in origin and insertion, only differing in that its origin is rostral (anterior) to
the trigeminal foramen whereas that of the Constrictor i. dorsalis is caudal
(posterior) to it. This difference is due to a forward shifting of the origin of the
muscles in Gymnophiona. The Levator quadrati of Gymnophiona also, as
Versluys recognised, corresponds with the Protractor pterygoidei of Saurii in
position and derivation, and is certainly homologous with it. Further, there
is a similarity in the proximal nerve supply of the Levator quadrati and
Constrictor i. dorsalis-the nerve of the former coming from the Ganglion
Gasseri in Siphonops, that of the latter coming from V3 very high up. Among
Salamandridae are forms, e.g. Hynobius and Salamandrella which possess a
very moveable Quadrate and in which a part of the lateral fibres of the Portio
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sagittalis of the Levator bulbi shows many similarities to and is homologous
with the Levator quadrati of Gymnophiona.

Ontogenetically, in Rana and Pelobates, all parts of the Levator bulbi are
derived from a single Blastema, indicating a single genesis of the whole muscle.
This Blastema is differentiated from the tissue lying dorsal to the Adductor,
and there is no connection between it and the Adductor. The statements of
Edgeworth in regard to the origin of the Levator bulbi of Rana might be
explained by the lateness of development, for the muscle only functions after
metamorphosis, and the whole difference between Selachii, Ganoids, Teleostei,
and Sauropsida, on the one hand, and Amphibia on the other, be a mere matter
of the time of division.

The nerve-supply of the Levator bulbi is derived in some cases from V1,
in others (Anura) from V1 and V2, in others again (Amphiumidae) from the
N. pterygoideus V3. This variation in the course of the nerve-fibres does not
militate against the theory.

In view of this diversity of opinion the subject has been reinvestigated with
the results described below. I may perhaps anticipate the conclusions by
saying that all the additional evidence I have been able to collect supports the
opinion I previously published. It is sub-divided as follows:

1. The skeletal evidence.
2. The evidence derived from the development of the masticatory muscles.
3. Relationship of the Quadrate and masticatory muscles of Elasmo-

branchii and Teleostomi to those of Dipnoi and Amphibia.

SKELETAL EVIDENCE
Dipnoi. The development of the Quadrate of Ceratodus has been described

by Sewertzoff (1902), Greil (1913), and myself (1923). It is developed as an
independent mass, which becomes fixed to the Chondrocranium by ascending,
otic, and basal processes. The development of the Quadrate of Lepidosiren
was described by Agar, who stated that the rudiment of the Quadrate is from
the first continuous with the Trabecula by the Processus basalis. A strand of
dense connective tissue connecting the distal end of the rudiment of the
Quadrate with that of the palatine tooth probably represents the vestige of
the pterygoid process. The otic process fuses with a shelf which is formed as
an anterior continuation of the side wall of the auditory capsule. It is not
possible to speak of a Processus ascendens as distinct from the basalis.

Urodela. In a 11 mm. larva of Amblystoma punctatum, according to
Winslow, the ascending process of the Quadrate is fused with the trabecular
crest, and the otic process has begun to develop. This process is longer in a
larva of 12 mm. In a larva of 39 mm. the otic process has fused with the otic
capsule, whilst the pterygoid process passes forward from the point where the
ascending process joins the body of the Quadrate and ends free, just below the
ventro-median surface of the eye. The basal process is formed by fusion of the
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dorso-median surface of the body of the Quadrate with the margin of the
basilar plate. In a young animal of 69 mm.-in which the gills have atrophied
-the condition is similar except that the pterygoid process passes forwards
and outwards.

I find that in a larva of 13-5 mm. (fig. 41) the ascending and otic processes
have fused with the trabecular crest and the auditory capsule respectively.
The chondrified base of the pterygoid process is continued forwards as a thin
column of cells the anterior end of which is continuous with the Trabecula.
In a larva of 18 mm. the anterior cellular part of the pterygoid process has
atrophied and the front end of the posterior part lies above the pterygoid part
of the (as yet undivided) pterygoid-palatine bone. In a larva of 27 mm. the
basal process is united with the margin of the basilar plate-as described by
Winslow in the 39 mm. larva.

Larvae of Amblystoma tigrinum show similar conditions.
In Triton larvae, according to Gaupp, the Quadrate is formed independently

of the Chondrocranium and-fuses with it by ascending, otic, and basal processes.
The basal process fuses with the ventral surface of the auditory capsule just
where this unites with the basal plate. The pterygoid process, developed last,
lies on the earlier-formed pterygoid bone, and has a pointed free extremity.

Peters (1910) stated that the basal and otic processes do not fuse,
cartilaginously, with the auditory capsule, nor in Siredon, as far as his observa-
tions went-greatest length of larvae investigated 25 mm.-nor in Necturus.

In a larval Triton cristatus, however, of 33 mm. I find a complete carti-
laginous continuity of the otic and basal processes with the auditory capsule.

The Quadrate in Salamandra atra is very similar to that of Triton cristatus.
In the adult state of Desmognathus fuscus, according to Wiedersheim, the

Quadrate has two cartilaginous ends, " welche die prootische Gegendvon unten
und aussen umgreift." He also depicted a pterygoid process with a free
anterior extremity.

I find that in a larva of 19 mm. (fig. 42) the Quadrate, which is oblique in
position, has four processes. The pterygoid process is wholly cellular, and
passes from the Quadrate to the Trabecula; the ascending process is continuous
with the trabecular wall, the otic process is continuous with the outer wall of
the auditory capsule, and the basal process is continuous with the inner part
of the floor of the auditory capsule. There is only a short larval stage. In an
adult of 35 mm. the conditions are similar except in regard to' the pterygoid
process, the anterior part of which has disappeared, and the now chondrified
posterior part ends free, yentro-lateral to the eye.

The Quadrate of Spelerpes was not described by Wiedersheim. In a 25 mm.
larva the Quadrate has pterygoid, ascending, and otic processes, but as yet no
basal process. The pterygoid process is wholly cellular, its anterior end is
continuous with the Trabecula. The cartilaginous ascending process is con-
tinuous with the trabecular wall, and the cartilaginous otic process is continuous
with the outer wall of the auditory capsule. In a larva of 36 mm. the Quadrate
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has become oblique in position, sloping downwards and forwards. Chondrifica-
tion has spread a little way along the pterygoid process. A basal process has
developed and connects the Quadrate with the inner part of the floor of the
auditory capsule. In an adult, of 49 mm., the conditions are similar, except
that the anterior part of the pterygoid process has disappeared.

In the adult stage of Plethodon glutinosus, according to Wiedersheim, the
pterygoid process of the Quadrate ends free, there is a basal joint, and the
otic process is continuous with the auditory capsule. No statement was made
in regard to the ascending process.

Plethodon cinereus is hatched in the adult state, measuring about 20 mm.
There is no free-living larval stage. In a specimen measuring 25 mm. (fig. 43)
the Quadrate is in an oblique position, sloping downwards and forwards, its
pterygoid process ends free, the ascending process is continuous with the
trabecular wall, the otic process is continuous with the auditory capsule, and
the basal process is continuous with the floor of the auditory capsule. In a
specimen of 49 mm. (fig. 44) the conditions are similar except that there is
a band of closely aggregated cells across the basal process-the commence-
ment of the basal joint.

In the first larval stage of Amphiuma tridactylum investigated by Winslow
the Quadrate has an ascending process which joins the trabecular crest and a
slender stapedial process which passes backwards and joins the small stapes;
whilst in the second stage there are, additionally, otic and basal processes
which are continuous with the otic capsule. The pterygoid process passes
forwards from the ventral surface of the ascending process in close proximity
to the ventral margin of the Trabecula; towards its anterior end it curves
laterally and broadens into an oval plate which lies a short distance postero-
laterally from the base of the antorbital process. In the adult, according to
Wiedersheim, the Quadrate is continuous with the basilar plate and otic
capsule by basal and otic processes, whilst the pterygoid process ends above
the hinder end of the maxilla.

Comparison with Cryptobranchus and Menopoma suggests that the stape
dial process is to be regarded as a forward process of the stapes which has
fused with the Quadrate rather than as a backward process of the Quadrate.
Investigation of earlier stages would decide this question.

Descriptions of the Quadrate in Hynobius, Megalobatrachus and Menopoma
were published in this Journal in 1922.

The Quadrate of the adult stage of Salamandrella Keyserlingii was not
described by Wiedersheim. Luther stated, though without giving any details,
that the skull is semistreptostylic.

I find that in a 13-5 mm. larva (fig. 45) the Quadrate has pterygoid, ascend-
ing, and otic processes. The pterygoid process is continuous anteriorly with
the Trabecula, its posterior part is cartilaginous and its anterior part cellular.
The ascending process is continuous with the trabecular wall, and the otic
process with the auditory capsule.
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In a 17 mm. larva (figs. 46-48) the basal process of the Quadrate has

developed and chondrified, it extends to the floor of the auditory capsule.
The other processes are as in the earlier larva, except that comparison of
figs. 45 and 46 shows that chondrification has extended further forwards in
the pterygoid process. In figs. 46 and 47 the anterior cellular part of the
pterygoid process is not shown. The model only represents cartilage.

In a 22-5 mm. larva (fig. 49) the anterior cellular portion of the pterygoid
process has disappeared. Cells have accumulated in the basal process.

In a 34 mm. larva (fig. 50) the Quadrate has become oblique in position,
sloping from above downwards and forwards. A syndesmotic joint has de-
veloped in the basal process, and the monimostylic condition of earlier stages
has become a semistreptostylic one.

In an adult of 105 mm. the pterygoid process of the Quadrate passes for-
wards and outwards and ends free beneath the outer border of the eye. The
ascending process is continuous with the trabecular wall, and the otic process
with the auditory capsule. In the synchrondotic basal joint, on one side, a
slightly curved slit-like cavity has developed.

Wiedersheim stated that in the adult form of Ranodon sibiricus the ptery-
goid process of the Quadrate is continuous with the outer posterior extremity
of the nasal capsule. He did not describe the other connections of the
Quadrate, but his figure 69 shows, I think, an ascending process continuous
with the trabecular wall and an otic process continuous with the auditory
capsule.

I find that in a larva of 21 mm. the Quadrate has pterygoid, ascending
and otic processes, but as yet no basal process. The pterygoid process is don-
tinuous anteriorly with the Trabecula, just behind the antorbital process, its
posterior part is chondrified, its anterior part a cellular strand. The ascending
process is continuous with the trabecular wall, and the otic process with the
auditory capsule. The larva is very similar to the 13*5 mm. larva of Salaman-
drella.

In a larva of 25 mm. (figs. 51, 52) the anterior cellular portion of the
pterygoid process has disappeared. The anterior end of the persisting posterior
chondrified portion ends at a little distance behind the antorbital process, and
is not continuous with it. A basal process has developed and connects the
Quadrate with the inner part of the floor of the auditory capsule.

In a young adult 85 mm. long the ascending and otic processes of the
Quadrate are continuous with the trabecular wall and auditory capsule re-
spectively. A synchondrotic joint with a slight slit-like central cavity has
developed in the basal process. The pterygoid process passes forwards and
slightly outwards, but does not reach the posterior margin of the nasal
capsule-there being a gap of '86 mm. Its continuity with the nasal capsule
described by Wiedersheim is thus developed during adult life.

Miss Platt (1897) stated that in a 19 mm. embryo of Necturus the Quadrate
is fused only with the Crista trabeculae (= ascending process). In a 46 mm.
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embryo a cartilaginous process, extending backwards from the ascending
process, is fused with the auditory capsule (= otic process). Winslow (1898)
described the otic process as being present and fused with the auditory capsule
in a 21 mm. embryo. Neither observer mentioned the existence of a basal
process.

I find that in a 25 mm. embryo (figs. 64, 65) the Quadrate has ascending,
basal, and otic processes. The ascending process is continuous with the Crista
trabeculae, the basal process is continuous with the prefacial commissure by
a cellular bridge, and the otic process similarly with the auditory capsule. In
a 30 mm. embryo (fig. 66) these connections have chondrified.

In Siren, according to Wiedersheim, the Quadrate has a slender ascending
process continuous with the Ala magna, and otic and basal processes both
articulating with the prootic territory. From the ascending process projects
forwards a finger-like process, the extremity of which bends downwards into
the orbit. The size of the specimen was not stated.

Wiedersheim doubted the homology of the above-mentioned process with
the pterygoid process of other Urodeles, and suggested that it is homologous
with the post-orbital process of the Quadrate of some Selachians.

Winslow, however, found in Amphiuma and Amblystoma that the ptery-
goid process projects forwards from the base of the ascending process and not
from the body of the Quadrate. I found the same condition in larvae of
Megalobatrachus and Menopoma. Secondly, the post-orbital process of the
Quadrate in Notidanidae is almost certainly the homologue of the otic process
of Amphibia. It is thus fairly certain that the anterior process of the Quadrate
of Siren is a pterygoid process.

A very different account of Siren was subsequently given by Parker, who
stated that in a specimen of 131 inches (= 34 cm.) the dorsal end of the
Quadrate is "bifurcate; and both the forks are confluent with the endo-
cranium (the trabecula and its alisphenoidal crest). The part confluent with
the base is the pedicle (= basal process); that which passes into the wall is
the ascending process; outside these, above, we have the otic process which
is confluent with the auditory capsule and the preauditory horn." The Quad-
rate has "no pterygoid outgrowth and no correlated pterygoid bone." The
anterior margin of the Epihyal is confluent with the Quadrate.

In a specimen from Florida 67 cm. long (about the greatest length reached
by this Urodele) I find that the Quadrate is similar to that of the younger
specimen described by Parker with the exception that a short pterygoid
process projects downwards and forwards from the ascending process. There
is no joint in the otic or basal process. The latter process is continuous with
the basal plate.

Anura. In Rana, according to Gaupp, the Palato-quadrate develops in-
dependently of the Chondrocranium, and fuses with it by the ascending process
and the Commissura quadrato-cranialis anterior. Later on, in 21 mm. larvae,
an otic process is formed and fuses with the auditory capsule, and then a
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pterygoid process is developed from the commissure and unites with the Pro-
cessus maxillaris posterior of the Planum antorbitale. At metamorphosis the
ascending and otic processes disappear, and the Palato-quadrate fuses with the
Crista parotica by a new otic process. A basal process develops, abuts against,
and then fuses with the floor of the auditory capsule, and a joint develops in it.

Gaupp was of opinion that the ascending and basal processes are homo-
logous with the similarly named structures of Urodela. The otic process
develops twice; of these the later one is probably homologous with that of
Urodela, the earlier one being only a special provisional structure. His opinion
concerning the Commissura quadrato-cranialis anterior is discussed later.

Gymnophiona. The development and adult anatomy of the Quadrate have
been the object of researches by Wiedersheim (1879), P. and F. Sarasin (1890),
Winslow (1898), Peter (1898), Marcus (1909), Versluys (1910 and 1912), and
Luther (1914). The following is a summary of their statements. The Quadrate
of Ichthyophis is formed as a triangular cartilage, with ascending, pterygoid,
and otic processes. The ascending process becomes connected with the Taenia
marginata-by cartilage according to Winslow, by connective tissue according
to Peter. The otic process is only slightly marked and does not become united
to the auditory capsule. The pterygoid process consists of a posterior part
continuous with the Quadrate, and of an anterior part in two portions; these
parts are united by cellular tissue. The Quadrate has no basal process; it has
a jugal process. No mention of any process of the basal plate is made by either
Winslow or Peter. On ossification, the Pterygo-quadrate is first surrounded
and then replaced by bone except at its articular surfaces for the lower jaw
and columella, and the upper end of the ascending process. The pterygoid
process degenerates into connective tissue at the end of larval life.

In the adult the ascending process of the Quadrate passes upwards and
slightly forwards along the posterior edge of the paraquadrate bone. The jugal
process fills up the space between the ascending and pterygoid processes. The
pterygoid process is continuous with either the pterygoid bone-in Ichthyophis,
or with the maxillo-palatine bone-in Caecilia and Siphonops (Luther). A
well-marked joint exists between the Quadrate and the basal bone in
Hypogeophis larvae and in adult Siphonops (Versluys), and in Caecilia (Luther);
whilst in adult Ichthyophis there is only a syndesmotic union (Luther).

In a 70 mm. larva of Siphonops (figs. 84-89) I find that the Quadrate has
ascending, pterygoid, and jugal processes, but no otic or basal processes.
There is a well-marked joint between the dorsal end of the ascending process
and the upper of the two bars by which the Taenia marginata is continuous
with the auditory capsule. A partially ossified process projects from the basal
plate antero-laterally and then forwards, and its anterior end is continuous
with the base of the pterygoid process of the Quadrate. In front of this
cartilaginous continuity the now wholly ossified pterygoid process extends
further forwards, and is continuous with a bone (probably the pterygoid bone)
which expands into a plate lying on the upper surface of the maxillo-palatine
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bone. The jugal process is the ossified anterior edge of the Quadrate and of its
ascending process-not merely of the former as in Ichthyophis. The Columella
auris abuts against the posterior surface of the Quadrate. Younger larvae
were not available. Two changes take place between this late larval condition
and the adult state. The joint between the ascending process and the Taenia
marginate is replaced by fibrous tissue, and a joint develops between the base
of the pterygoid process of the Quadrate and the process of the basal plate.

In a 28*5 mm. larva of Ichthyophis-rather younger than the one modelled
by Peter-both the Chondrocranium and Quadrate are in a precartilaginous
condition (figs. 90, 91). The Quadrate has a long pterygoid process the anterior
end of which is close to but does not actually touch the Trabecula. The ascend-
ing process is continuous with the Taenia marginate. Neither otic nor basal
process is present. A short process projects laterally from the basal plate,
turns back, and then inwards, to join the basal plate again. (This is also shown,
in transverse sections of the 35 mm. larva, figs. 100-102.) The anterior end
of the Columella auris is close to the posterior end of the Quadrate.

In a 35 mm. larva (figs. 98-102) the Chondrocranium and the Quadrate
with its two processes are chondrified. The changes from the earlier stages are
as follows. The anterior end of the, still continuous, long pterygoid process of
the Quadrate is in contact with the Trabecula (fig. 98). The upper end of the
ascending process is connected with the Taenia marginate by fibrous tissue.
The process of the basal plate is tied to the Quadrate by fibrous tissue
(figs. 100-102). The pterygoid bone has developed; its hind end is close to the
medial surface of the Quadrate.

In a larva of 59 mm. (fig. 103) the middle portion of the pterygoid process
has disappeared. The anterior end of the persisting front portion no longer
touches though it is close to the Trabecula; it lies on the palato-maxillary bone.
The anterior end of the persisting hinder portion of the pterygoid process is
ossified. The basal plate with its process, and the posterior parts of the Taenia
marginate and Trabecula, have degenerated. A fibrous ligament binds the basal
bone to the body of the Quadrate, its pterygoid process, and the pterygoid bone.

On comparison of the above-described phenomena it is seen that:
(1) The anterior end of the pterygoid process of the Quadrate becomes

continuous with the Trabecula in Amblystoma, Desmognathus, Spelerpes,
Hynobius, Menopoma, Salamandrella, and Ranodon. In Hynobiusand Menopoma
on the subsequent development of the antorbital process, the pterygoid process
is found to be continuous with its inner end. This latter condition is present in
the youngest available larvae of Megalobatrachus. In Amblystoma, Desmognathus,
Spelerpes, Salamandrella and Ranodon, the anterior part of the pterygoid pro-
cess does not develop beyond the stage of a cellular strand, whereas in
Hynobius, Megalobatrachus and Menopoma it becomes cartilaginous through-
out its whole length. The anterior part of the pterygoid process disappears in
the later larval stages of all these Urodeles. The continuity of the pterygoid
process with the outer posterior part of the nasal capsule in Ranodon is of later
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development, during adult life, and is not due to a persistence of an original
connection with the antorbital process.

The pterygoid process ends free in Triton, Salamandra, Plethodon,
Amphiuma and Siren. It is not developed in Necturus.
- These phenomena indicate an ancestral Urodelan condition in which the
pterygoid process was continuous anteriorly with the Trabecula, i.e. one in
which there was a Pterygo-quadrate.

Gaupp held that the Commissura quadrato-cranialis anterior of the larval
stage of Rana has no "analogue" in Urodela, but the new information above
mentioned shows that it is homologous with the pterygoid process of Urodela,
and should be similarly named'. The later-developed "pterygoid process" of
Gaupp might have a new name.

In a 35 mm. larva of Ichthyophis the anterior end of the pterygoid process
is in contact with the Trabecula. The only available larva of Siphonops was too
far advanced in development for this-if present in younger stages-to be seen.

In Ceratodus there is no pterygoid process, or but (according to Greil) a
transitory rudiment of one. In Lepidosiren, according to Agar, it is repre-
sented by a strand of dense connective tissue passing to a palatine tooth.

(2) The ascending process of the Quadrate is not present in Lepidosiren
and Protopterus (Agar). It is present in Ceratodus, the larval-stage of Urodela
and Anura, and Ichthyophis, and is fused with either the trabecular wall or
Taenia marginate. In Siphonops larvae, of which only a late stage was avail-
able, there is a joint. The cartilaginous continuity persists except in adult
Gymnophiona, in which there is a fibrous union.

(3) The site of the union of the Quadrate with the base of the Chondro-
cranium varies. In Lepidosiren and Protopterus the basal process of the
Quadrate fuses with the Trabecula, in Ceratodus with the junction of the
Trabecula and Parachordal. In Menopoma and Megalobatrachus the basal
process grows from the base of the pterygoid process, and not from the body,
of the Quadrate. In the former it fuses with the basal plate, in the latter with
a lateral process of the basal plate. In Amblystoma it fuses with the basal
plate In Necturus it fuses with the praefacial commissure. In other Urodela
and in Anura it fuses with the inner part of the floor of the auditory capsule.
A syndesmotic joint subsequently develops in the basal bridge in Plethodon,
Hynobius, Salamandrella and Ranodon. In Siphonops and Ichthyophis a lateral
process of the basal plate develops-similar to that of Megalobatrachus. This in
Siphonops fuses with the base of the pterygoid process. A diarthrodal joint de-
velops in it subsequently. In Ichthyophis the process, which has onlya transitory
existence, does not fuse with the Quadrate, but is tied to it by fibrous tissue.

Comparison of the above series of forms with Acanthias, Notidanus and
Lepidosteus videe infra) suggests that the original site of basal union is with
the Trabecula. This is also present in Lepidosiren and Protopterus. The other
situations are due to various degrees of backward displacement. Menopoma,

1 I have done so in figs. 71-73.
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Megalobatrachus, Siren, Amblystoma and Gymnophiona are, in this, more
primitive than other Urodela or Anura.

Versluys was of opinion that the basal s. basipterygoid joint of Amphibia
is a very old phylogenetic feature, and in support of this theory adduced the
observations of Veit on Lepidosteus. Such an opinion, however, does not
account for the fact that-as Veit stated, though not referred to by Versluys-
the development of a basal joint in Lepidosteus is preceded by a complete
fusion of the Quadrate with the Chondrocranium at this point. A similar fusion
preceding the formation of a joint takes place in Acanthias, Siphonops,
Plethodon, Hynobius and Salamandrella. The developmental phenomena in
all these cases can be explained by the theory of descent from forms possessing
a fixed Quadrate. The Secondary feature of a joint may have been independ-
ently acquired. Further, the varying sites of such a joint support the theory
that its development occurred at various phylogenetic stages in the backward
shifting of the basal connection of the Quadrate with the Chondrocranium
and, so, independently.

The above phenomena come out most clearly in a tabular statement:

The basal pro-
cess fuses with

Protopterus
Lepidosiren
Acanthias
Notidanus
Lepidosteus
Ceratodus
Menopoma
Megalobatrachus
Siren
Siphonops
Ichthyophis
Necturus
Amblystoma
Triton
Salamandra
Desmognathus
Spelerpes
Plethodon
Amphiuma
Hynobius
Salamandrella
Ranodon
Anura

Junction of
Trabecula and

Trabecula Parachordal

Floor of
Praefacial auditory

Basal plate commissure capsule

+*

+*
* +
* +

* +

* A+on
* +

* SusequntlyA joint.

+

+
t*
+

+*

+*

(4) The otic process of the Quadrate fuses with the outer wall of the
auditory capsule in Ceratodus, Urodela and Anura. In Lepidosiren and
Protopterus it fuses with an anterior process of the outer wall of the auditory
capsule. In Ichthyophis, according to Marcus, it is present as a transitory
process which does not fuse with the auditory capsule. This was not present
in my larvae of Ichthyophis or Siphonops.

The above phenomena are summarised in the following tabular statement.
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Dipnoi Monimostylic Streptostylic

Ceratodus
Protopterus
Lepidosiren

+

Amphibia
Urodela*
Amblystomidae. Amblystoma punctatum

f tigrinum
Salamandridae. Triton cristatus

Salamandra atra
Plethodontidae. Desmognathus fuscus

Spelerpes bislineatus
Plethodon cinereus

Amphiumidae. Amphiuma tridactylum
Hynobidae. Hynobius nebulosus

Salamandrella Keyserlingiit
Ranodon sibiricus

Cryptobranchidae. Megalobatrachus maximus
Menopoma alleghaniense

Proteidae. Necturus maculatus
Sirenidae. Siren lacertina

Anura. Rana
Gymnophiona. Ichthyophis glutinosus

Siphonops braziliensis

Larva

Monimo- Semi-
stylic streptostylic
+

Ear
Ear

+

+

+

*. Early

+

rlier + Later +

rlier + Later +

+

+

+

+

+

* +

+

Adult

Monimo- Semi-
stylic streptostylic
+

Older adult +

+

+

+

~~~+

Streptostylic

+

* ~~+

* I follow the classification of Dunn. t s. Hynobius Keyserlingii (Dunn).

It would appear from the above that Amblystoma, Triton, Salamandra,
Desmognathus, Spelerpes, Amphiuma, Megalobatrachus and Menopoma, are

monimostylic in both the larval and adult states, and that Necturus and Siren
are also monimostylic. The semistreptostylic condition of Plethodon, Hynobius,
Salamandrella and Ranodon is preceded by an earlier monimostylic one.

It is, further, observable that the distribution of a long pterygoid process

continuous anteriorly with the Trabecula, and of a basal joint, is not identical.
The former occurs among Amblystomidae, Hynobidae, and Cryptobranchidae,
whereas a basal joint occurs among Plethodontidae and Hynobidae, and in
the former group not as a familial but only as a generic feature. Thus a joint
develops in Plethodon but not in Desmognathus or Spelerpes. These occur-

rences do not harmonise with the theory of Versluys and Luther that the joint
is an old phylogenetic feature.

The phenomena indicate, I think, that Urodela are descended from a

monimostylic stock.
A pterygoid process may fail to be developed, e.g. Necturus, or not reach

the Trabecula, e.g. Triton, or subsequently separate from it, e.g. Arnblystoma,
Menopoma, without the occurreDce of any other skeletal change. On the other
hand, the development of a basal joint does not occur as an isolated feature
in Ranodon, Plethodon, Hynobius and Salamandrella. The anterior part of
the pterygoid process either atrophies or fails to be developed. In Ranodon
the continuity of the pterygoid process with the nasal capsule is a subsequent
event.

Anura are monimostylic in the larval, semi-streptostylic in the adult, state.
In Gymnophiona no larva is known in which the Quadrate is fixed to the
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Chondrocranium by four processes. In larvae of Ichthyophis, however, the
ascending process is at one period continuous with the Taenia marginate, and
the extremity of the pterygoid process in contact with the Trabecula, and
there is a (subsequently atrophying) lateral process of the basal plate which is
tied to the Quadrate by fibrous tissue. Peter also described an incomplete otic
process. Further, in an advanced larva of Siphonops there is a cartilaginous
continuity between the Quadrate and the lateral process of the basal plate.
The Quadrate in Gymnophiona larvae may thus be continuous with the
Chondrocranium at three points.

These phenomena suggest that the streptostylic condition of adult
Gymnophiona is not primary, but secondary to an original monimostylic one.
The contrary opinion fails to explain the above-described structures.

The skeletal evidence thus suggests that Amphibia, like Dipnoi, are
descended from autostylic and monimostylic ancestors. Further, the resem-
blance between the connections of the Quadrate with the Chondrocranium in
Dipnoi and Amphibia is so close that, unlike Luther, I think it improbable
that they have been separately acquired. This probability is rendered greater
by consideration of the masticatory muscles-vide infra.

It is not without interest in regard to these speculations to note that in Stego-
cephalia and in Lysorophus-a member of the ancestral Urodeles from the Penn-
sylvanian deposits-the Quadrate was fixed (Case, Williston, Stromer, Luther,
Sollas) though whether this monimostylic condition was of chondrogenetic
origin, as in the Amphibia described above, cannot of course be determined.

DEVELOPMENT OF THE MASTICATORY MUSCLES
Elasmobranchs. Marshall (1881) described the mandibular head-cavity of

Scyllium, in stages K-M, as consisting of a dorsal dilated portion continuous
with a laterally compressed ventral portion extending down the whole length
of the mandibular arch. The main branch of the vth nerve lies wedged in be-
tween the mandibular and hyoid head-cavities. By the middle of stage M the
dorsal portion of the mandibular head-cavity has atrophied and disappeared.
The walls of the ventral prolongation become converted into muscles.

v. Wijhe (1882) stated that in stage K of Scyllium the second somite is
continuous with the lateral plate in the mandibular segment. The R. man-
dibular v. crosses the outer side of the position where the second somite is
continuous with the lateral plate and then runs down on its anterior side. The
second somite forms the superior oblique muscle whilst the lateral plate
develops into the mandibular muscles.

Miss Platt (1891) stated that in 14 mm. embryos of Acanthias vulgaris there
is a thickening of the inner wall of the base of the second somite-the
primordium of "muscle E," and an out-pocketing of the dorsal end of the
mandibular muscle plate, forming a rudimentary muscle which comes to
occupy a position close to the inferior oblique muscle of the eye. She traced
"muscle E" up to the 26 mm. stage.
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Hoffmann (1896) stated that in Acanthias vulgaris the medial and antero-

medial walls of the second somite thicken and proliferate cells which develop
into mesenchyme. He did not describe any "muscle E." The Levator labi
superioris develops from the upper part of the walls of the mandibular muscle-
plate (Kieferbogenhbhle), whilst the ventral part develops into the Adductor
mandibulae. No figures were given of this development of the mandibular
muscle-plate.

Lamb (1901) confirmed the account given of Acanthias by Miss Platt. He
stated, however, that by the 27 mm. stage there were only the very slightest
remains both of "muscle E" and of the rudimentary muscle at the dorsal end
of the mandibular muscle-plate (which he called "muscle F").

Dohrn (1904), confirmed by Neal (1909, 1914 and 1918), showed that
muscle E persists and forms the mandibular component of the Rectus externus.
He also stated that the Adductor mandibulae develops from the ventral part.
of the mandibular muscle-plate, but did not give any details.

Klinkhardt (1905) stated that in Spinax embryos, with head-lengths of
2-73 and 2-96 mm. the R. mandibularis v. runs down on the outer side of the
mandibular cavity. Guthke, too, stated that in 11 mm. embryos of Torpedo
ocellata the R. mandibularis v. lies close to the wall of the mandibular cavity.

No one of the above investigators made mention of the Constrictor i.
dorsalis.

In a paper published in 1911 I stated that in Scyllium canicula the man-
dibular muscle-plate separates into three portions-from above downwards
the Constrictor i. dorsalis, the Adductor mandibulae, and the lateral half of
the Intermandibularis. The relations of the R. mandibularis v. to the
mandibular muscle-plate and to the muscles developing from it were not
described. To determine this further material was examined. In a 14 mm.
embryo (figs. 1-5) the primordium of the Obliquus superior is continuous with
the mandibular muscle-plate. Both consist of an epithelium enclosing a cavity
which is continuous from the one structure to the other. The uppermost part
of the mandibular muscle-plate is roundish in transverse section. *05 mm.
below the Gasserian ganglion it fairly suddenly broadens antero-posteriorly
into a plate, and there is a little upward projection-a "shoulder "- 03 mm.
high, from it, behind the R. mandibularis v. The mandibular muscle-plate
extends to the mid-ventral line. The united Ri. maxillaris and mandibularis v.,
issuing from the Gasserian ganglion, pass down lateral to the mandibular
muscle-plate for a short distance and then separate; the former passes down-
wards and forwards, whilst the latter passes down about midway between
the anterior and posterior edges of the muscle-plate.

In a 17 mm. embryo (figs. 6, 7) the appearances are similar, except that
the "shoulder" of the muscle-plate posterior to the R. mandibularis v. has
grown upwards and measures *06 mm. in height.

In a 20 mm. embryo (figs. 8-11) the primordia of the Obliquus superior
and the mandibular muscle-plate have separated. The Obliquus superior is
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now solid; from it has separated a little flattened vesicle-the rudiment of
muscle E-which is in contact with the anterior end of the Rectus externus.
The cavity in the mandibular muscle-plate has disappeared owing to approxi-
mation of the medial and lateral walls. The muscle-plate consists of an upper
part which is posterior to the R. mandibularis v. and broadens as it is traced
downwards, a broad part with the nerve lying about its middle and a narrower
ventral part. All these are in continuity.

In an embryo of 23 mm. (fig. 12) muscle E has fused with the Rectus
externus. The primordium of the Palato-quadrate and Meckel's cartilage has
developed. The mandibular muscle-plate is still a continuous strip, though one
in which the future muscles are distinguishable. These are, from above down-
wards, the Constrictor i. dorsalis, the Adductor mandibulae and the lateral half
of the Intermandibularis. The R. mandibularis v. is anterior to the upper part
and crosses the lower part of the Constrictor i. dorsalis, i.e. this muscle is only
in part formed by the upgrowing "shoulder" behind the nerve.

In an embryo of 29 mm. (fig. 13) the muscle-plate is fully separated into
the muscles it forms. The upper end of the Constrictor i. dorsalis has grown up
to the auditory capsule.

In an embryo of 35 mm. (figs. 14-17) the anterior end of the Adductor
mandibulae has extended forwards to the roof of the nasal capsule.

In an embryo of 53 mm. a horizontal septum has developed in the Adductor
mandibulae. There is as yet no definite separation of a Praeorbitalis from the
anterior part of the upper portion of the Adductor.

The primordium of the masticatory muscles of Scyllium thus at first lies
medial to the R. mandibularis v., with its upper end close to the Gasserian
ganglion and continuous with the Obliquus superior. After separation of the
latter, the mandibular muscle-plate becomes separated into the Constrictor
i. dorsalis, Adductor mandibulae, and lateral half of the Intermandibularis.
The upper end of the Constrictor i. dorsalis grows upwards and backwards
behind the R. mandibularis v. to the auditory capsule. This upward growth
begins to develop before the muscle-plate is separated from the Obliquus
superior.

In 20, 21 and 22 mm. embryos of Acanthias vulgaris (figs. 21-23) the
conditions are similar to those of the 20 mm. embryo of Scyllium. The pri-
mordium of the Obliquus superior has separated from the mandibular muscle-
plate, and muscle E-relatively larger than in Scyllium-is confluent with the
Rectus externus. The dorsal upgrowing end of the mandibular muscle-plate
is posterior to the R. mandibularis v.; as it is traced down it is seen to broaden
and the nerve to lie external to it about midway between the anterior and
posterior edges.

In the various stages of Scyllium examined and in these embryos of
Acanthias no "muscle F" was seen. It appears probable that it is identical
with the upgrowing projection of the mandibular muscle-plate behind the
nerve.
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The description of the early stages of Spinax and Torpedo by Klinkhardt

and Guthke, taken in conjunction with the position of the Constrictor i.
dorsalis relative to the R. mandibularis v. in the adult forms of those fishes,
suggests that a similar development takes place in them.

Luther was of the opinion that the Praeorbitalis had primitively a cranial
origin and resembled the Adductor mandibulae in function. Subsequently,
with increasing size of the eye and antero-posterior extension of the mouth,
the Praeorbitalis separated from the Adductor and gained a. more ventral
origin.

Comparison of the developmental phenomena in Scyllium and Heterodontus
does not support this view. In Scyllium, the Praeorbitalis is due to a forward
growth of the Adductor and does not rise above the level of the Palato-quadrate,
and even in a 53 mm. embryo cannot be distinguished from the upper portion
of the Adductor (i.e. the part above the inscriptio) except by its origin from
the nasal capsule. In a 47 mm. embryo of Heterodontus (fig. 25) the Prae-
orbitalis takes origin from a lateral projection of the nasal capsule and passes
backwards nearly horizontally to join the Adductor. Its adult position with
nearly vertical fibres videe Luther's description and figure) is thus secondary.

Teleostomi. I stated that in embryos of Acipenser, Amia and Lepidosteus,
the mandibular muscle-plate separates into the Constrictor i. dorsalis, Adductor
mandibulae and Intermandibularis, but did not describe its relations to the
Gasserian ganglion and the R. mandibularis v. To determine this further
material was examined.

In a 6-5 mm. embryo of Amia (fig. 26) the mandibular muscle-plate is a
vertical plate of cells, extending from the Gasserian ganglion downwards, its
lower part curves inwards, but does not reach the mid-ventral line. It is
medial to the R. mandibularis v. Its upper end diverges a little backward and
is partly behind the Gasserian ganglion. (This position also holds true for the
younger 5X5 mm. embryo.) The ventral end of the muscle-plate is continuous
with that of the hyoid muscle-plate.

In a 7-5 mm. embryo (fig. 27) the mandibular muscle-plate is partially
separated into the Constrictor i. dorsalis, Adductor mandibulae, and Inter-
mandibularis. Its upper end diverges backward and outwards relative to the
Gasserian ganglion. Its lower end is separated from that of the hyoid muscle-
plate.

In an 8-5 mm. embryo (fig. 28) the Palato-quadrate and Meckel's cartilage
have begun to develop. The Constrictor i. dorsalis, Adductor mandibulae, and
Intermandibularis are fully separated from one another. Similar develop-
mental phenomena occur in Acipenser and Lepidosteus.

Gregory (1905) stated that in a 9 0 mm. embryo of Ceratodus the 2nd
(mandibular) head cavity is continuous ventrally with the central cavity in
the mandibular arch. The musculature of the mandibular arch separates from
it in later stages of development. The relation of these structures to the
Gasserian ganglion is not depicted in this stage, but Gregory's figure 21 of
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the 109 mm. stage shows the mandibular muscles extending, median to the
R. mandibularis v., up to the ganglion.

I stated (1911) that the primordium of the masticatory muscles does not
separate into upper and lower portions as it does in Scyllium, but divides into
two vertical strips-the Pterygoid and Temporal muscles (called in this paper
Levator mandibulae anterior and Levator m. posterior).

Dipnoi
Terminology used in this paper
Levator mandibulae anterior

Levator mandibulae posterior

Levator mandibulae externus

Ceratodus
Pterygoideus. Jaquet, Edgeworth, 1911
Portio temporalis of the Adductor mandibulae. Luther, 1913
Pseudo-temporalis s. Adductor m. internus. Luther, 1914
Temporalis. Greil, 1913

Protopterus
Pterygoideus. Jaquet
Temporalis. Owen, Pinkus, Luther, 1913
Temporal muscle. Humphry
Pseudo-temporalis s. Adductor m. internus. Luther, 1914

Lepidosiren
Temporalis HyrtI. Bridge, Luther, 1913
Pseudo-temporalis s. Adductor m. internus. Luther, 1914

Ceratodus
Adductor mandibulae s. Digastricus. Jaquet
Temporalis. Edgeworth, 1913
Portio lateralis of the Adductor mandibulae. Luther, 1914
Portio lateralis s. Adductor m. posterior. Luther, 1914
Masseter. Greil

Protopterus
Masseter. Humphry, Luther, 1913
Masseter s. part of Adductor m. externus. Luther, 1914
Muscle temporalis. Jaquet

Lepidosiren
Masseter Hyrtl, Bridge, Luther, 1913
Masseter s. part of Adductor m. externus. Luther, 1914

Protopterus
Retractor anguli oris and Buccinatorius. Humphry
Muscle labialis superior. Jaquet
Retractor anguli oris. Luther, 1913
Retractor anguli oris s. part of Adductor m. externus. Luther,

1914
Lepidosiren

Retractor labiorum. Hyrtl
Retractor anguli oris superficialis and profundus. Luther, 1913
Retractor anguli oris s. part of Adductor m. externus. Luther,

1914

Greil (1913) stated that in a 5-4 mm. embryo of Ceratodus (with three gill-
clefts reaching the ectoderm) the upper end of the mesoblast of the mandibular
arch is continuous with its fellow across the mid-ventral line, and with that
of the hyoid arch above and below the 1st gill-cleft. It has a notch in its upper
border, in which lies the G. maxillo-mandibulare v. and a slight projection from
its anterior border-the " ciliary" mesoderm. On section it shows two cavities
in its upper part-the 2nd and 3rd head-cavities. The walls of the 2nd develop
into the Temporal muscle, and those of the 3rd into the Masseter muscle.
There are rudiments of a praemandibular gill-cleft opposite the junction of
the Temporal and Masseter muscles. These muscles are consequently prae-
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mandibular and mandibular formations. The G. ophthalmicum v. belongs
originally to the praemandibular, and the G. maxillo-mandibulare v. to the
mandibular arch. The Processus pterygoideus is the cartilage of the prae-
mandibular, and the Quadrate that of the mandibular arch. In a 10-9 mm.
embryo there is an anterior projection from the upper end of the Temporalis,
which separates and forms the Obliquus superior. The notch in the upper end
of the mesoblast deepens into a groove on its external surface. The N. maxillo-
mandibularis v. runs in this groove, which deepens and separates the Temporalis
from the Masseter. The primordia of the Temporalis and Masseter are con-
tinuous ventrally with that of the (lateral half of the) Intermandibularis until
the stage of 11-6 mm. In an embryo of 139 mm. they are inserted into Meckel's
cartilage. The Temporalis takes origin from the spheno-lateral cartilage and
the cartilaginous bridge over the Incisura sphenotica, and the Masseter from
the anterior surface of the Quadrate and its otic process. In an embryo of
17*8 mm. the origins of these muscles have spread to the antero-lateral surface
of the auditory capsule.

Greil's theory that the Temporalis is a praemandibular, and the Masseter
a mandibular, structure is open to many objections. (1) If, as Greil states,
the G. ophthalmicum v. is a praemandibular, and the G. maxillo-mandibulare v.
a mandibular structure, it might be expected that the Temporalis would be
innervated by the former, and the Masseter by the latter. Now, both muscles
videe Luther) are innervated by the latter. (2) The Processus pterygoideus
Quadrati is described by Greil as a small and transitory outgrowth from the
Quadrate and not as an independent chondrification, as might be expected if,
as he states, it is a praemandibular structure. I have however failed to find this
pterygoid process in the embryos at my disposal. (3) The notch, deepening
into an external groove for the N. maxillo-mandibularis v. separates an origin-
ally single undivided mass into two parts. Thus it is single in 6 and 9 mm.
embryos (figs. 29-32), separated into two masses in a 11 mm. embryo (fig. 33).
(4) If the outgrowth from the endoderm interpreted as the rudiment of a prae-
mandibular gill-cleft is really such it should at least be constant in existence
and position. Now, Greil represents it as a slight bulge of the endoderm
opposite the anterior edge of the mesoderm mass in a 9-8 mm. embryo (fig. 278),
and opposite the middle of the mesoderm mass in a 10-2 mm. embryo (fig. 287).
Further, I have not been, able to find any lateral bulge of the endoderm in
front of the 1st gill-cleft in embryos of respectively 6 mm. (figs. 29 and 30),
7 mm., 8 mm., 9 mm. (figs. 31 and 32), and 11 mm. (fig. 33) in length. (5) If
the theory were true it should be applicable to corresponding structures in
Amphibia. But I have failed, in larvae of Urodela and Rana, to find any trace
of what might be interpreted as a praemandibular gill-cleft, or of coalescence
of two mesoderm masses into the primordium of the masticatory muscles, or
of evidence of formation of the pterygoid process of the Quadrate from a
separate centre.

These reasons, I think, justify rejection of Greil's theory, and it may be
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stated that the primordium of the masticatory muscles separates into a part
in front of the N. mandibularis v.-the Levator mandibulae anterior, and a
part behind the nerve-the Levator mandibulae posterior. His "ciliary
mesoderm" becomes the praemandibular somite-homologous with the
similarly named structure in other Vertebrates.

This praemandibular segment was stated by Greil to give rise to the Recti
superior and externus by two dorsal processes, and to the Rectus inferior and
Obliquus inferior by a ventral process. The Obliquus superior was said to be
derived from an anterior projection of the Temporalis (i.e. my Levator
mandibulae anterior), which grows out in a 109 mm. embryo. In the figures
it is represented as continuous with the Temporalis in embryos up to a length
of 13-9 mm.

I find, however, that the external ocular muscles are developed somewhat
differently. In an 11 mm. embryo (figs. 34-36) the praemandibular somite is
an epithelium lined cavity internal to the under half of the eye, i.e. behind
the ii. nerve, with a concave external wall next the eye and a convex medial
wall, and horns projecting above and below the eye. The Recti superior,
internus and externus, are present as primordia-thickenings of the convex
medial wall of the cavity, the Rectus superior of the upper horn, the Rectus
externus of the junction of the floor and the posterior wall. The Obliquus
superior is proliferated from, but still continuous with, the upper wall of the
dorsal horn. From this point it projects forwards and inwards.

In a 12 mm. embryo (fig. 37) the Obliquus inferior is proliferated from the
ventral horn.

In a 12*5 mm. embryo all the muscles are quite distinct and formed.
Figs. 38 and 39 show their appearance as seen from above and below. The
Rectus internus is the muscle called Rectus inferior by Greil. I hold it to be
an Internus as it passes from the trabecular wall outwards and forwards below
the ii. nerve to the Bulbus oculi, to which it is attached below the Obliquus
inferior. It is opposite the Rectus externus and not opposite the Rectus
superior.

I cannot find any evidence that the Obliquus superior is formed from an
anterior projection of the Temporalis muscle as is stated by Greil to be the
case in embryos from 10-9-13-9 mm. in length. Thus, in the 11 mm. embryo
I have depicted there is a gap of *08 mm. between the Obliquus superior and
the anterior surface of the Levator mandibulae anterior, and, as stated above,
the Obliquus superior at this stage is still continuous with the wall of the prae-
mandibular somite.

All the ocular muscles are thus formed from the convex medial wall of
the praemandibular somite-the Recti superior, internus, and externus, from
thickenings of the wall, the two Obliqui from cells proliferated from it.

In Protopterus and Lepidosiren there are, a Levator mandibulae anterior,
Levator mandibulae posterior, and Levator mandibulae externus, the last
mentioned being represented in Protopterus by the Retractor anguli oris and
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in Lepidosiren by two muscles-the Retractor anguli oris superficialis and
profundus. The development is not yet known for Agar's investigation did not
extend to that of the individual muscles derived from the mandibular muscle
plate. He stated that in stage 30 the future eye muscles are represented by
a dense concentration of heavily yolked mesenchyme round the optic vesicle,
which is continued by a narrow strand to the rudiment of the temporal muscle
and can be traced further back curving in somewhat towards the middle line.
There was no connection between this and the concentration of mesenchyme
in the hyoid arch. No mention was made of a separate outgrowth from the
dorsal end of the temporal muscle to form an Obliquus superior.

It would thus appear that in Dipnoi all the external ocular muscles are
formed from the premandibular somite-an unexpected support of the theory
I advanced in 1911 (vide supra, p. 226).

Luther was of opinion that the masticatory muscles of Dipnoi are col-
lectively the homologue of the Adductor mandibulae of Selachii and Teleostomi.
The above-cited observations of Gregory and Greil, however, show that the
primordium of the masticatory muscles of Ceratodus has precisely the same
relations to the R. mandibularis v. and the Gasserian ganglion as has the
primordium of the Constrictor i. dorsalis 1. Adductor mandibulae in ScylliUm
and Amia, i.e. it lies median to the nerve with its upper end close to the ganglion.
Nor did these observers describe or depict the separation of any, subsequently
atrophying, portion from the upper end of the primordium. I have, too,
failed to discover it in embryos from the length of 6 mm. upwards.

It follows that the masticatory muscles of Ceratodus, and so probably of
Protopterus and Lepidosiren, are collectively the homologue of the Constrictor
i. dorsalis+Adductor mandibulae of Scyllium and Amia, and not solely of the
Adductor.

Another terminology is therefore adopted, corresponding to the primitive
position of the muscles relative to the R. mandibularis v.-Levatores man-
dibulae anterior and posterior.

Luther pointed out the homology in all three animals of the muscle here
termed Levator m. anterior, but his opinion in regard to the other masticatory
muscles differs from that adopted here. He thought that whilst in Ceratodus
there is an Adductor m. posterior (here called Levator m. posterior), on the
other hand in Protopterus and Lepidosiren there is no Adductor m. posterior
but only an Adductor m. externus.

Comparison, however, of the developmental stages of Ceratodus with the
figures given by Luther would make it probable that whereas in Ceratodus the
Levator m. posterior lies in early stages posterior to the R. mandibularis v.
and subsequently hypertrophies and bulges forward lateral to the nerve (cf.
figs. 33 and 40); on the other hand, in Protopterus and Lepidosiren, the Levator
m. posterior retains its primitive position posterior to the nerve.

Luther was of opinion that the Retractor anguli oris of Protopterus (and
its homologues in Lepidosiren) is a part of (his) Adductor m. externus. He
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subsequently pointed out its homology with (his) Adductor m. externus of
Urodela. Now the latter muscle (which I call Levator m. externus) is developed
from the Levator m. anterior (vide infra), so that it is possible that a similar
development will be found to occur in these Dipnoi.

No definite opinion, however, in regard to these matters is possible until
the development is known.

Urodela. Luther' distinguished the following muscles, which he classified
according to their relationship to the branches of the vth nerve.

Named employed in this paper Luther's names
Levator bulbi Levator bulbi
Levator m. anterior (anterior to V3) Adductor m. anterior (rostral or

medial to V2 and V3)
Levator m. posterior (medial or caudal) Adductor m. posterior (caudal to V3)
Levator m. externus (lateral to V3) Adductor m. externus (lateral to V2

and V3)

The Adductor m. anterior was further subdivided by Luther into the Pseudo-
temporalis and Pterygoideus.

Scott and Osborn (1879) stated that in Triton the section of the pleuro-
peritoneal cavity in front of the first gill-cleft becomes separated into two
portions, each of which is lined by a columnar epithelium. The anterior portion
lies close to the optic vesicle, whilst the posterior is enclosed entirely in the
mandibular arch. The subsequent development was not followed.

Miss Platt (1897) stated that in 11 mm. embryo of Necturus (the first stage
described) the mesothelial tissue of the mandibular arch is dorsally separate
from that of the hyoid arch and passes directly into mesenchyme; ventrally
it unites with that of the hyoid arch. The upper part divides into an external
portion, the masseter (= A.m. externus, of Luther), and an internal portion,
the temporalis (= A.m. internus posterior, of Luther), whilst the ventral part
becomes the mylohyoid. The relations of these structures to the Gasserian
ganglion and to V3 were not described, nor was the development of the ocular
muscles followed.

In a 15 mm. larva of Menopoma (figs. 53-55) the primordium of the
masticatory and Intermandibularis muscles is a dorso-ventral strip of cells in
front of the 1st gill-cleft. Its upper end is lateral to the Gasserian ganglion.
It passes down internal to the R. mandibularis v. Its ventral end is continuous
with that of the hyoid muscle-plate. The anterior edge of the upper part of
the muscle-plate is continuous with the premandibular somite2. The cells of
the latter are crowded with yolk-granules.

1 Luther gave a complete list of the names employed by previous writers, which it is not
necessary to quote.

2 The development of the ocular muscles could not be followed owing to defective fixation
of the younger larvae. I hope to do this later.
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In a larva of 16 mm. (figs. 56-58) the muscle-plate has separated into the
masticatory muscle-plate and the Intermandibularis. The premandibular
somite has separated from the former. The relations of the muscle-plate to the
R. mandibularis v are as in the previous stage.

In a larva of 20 mm. (figs. 59-61) the primordium of the masticatory
muscles still forms a continuous whole. Its dorsal end extends up to the
Crista trabeculae. The Levator bulbi is formed as an outgrowth from the
anterior surface of the primordium-i.e. from the part which forms the Levator
mandibulae anterior-at the level of the inferior border of the eye and slightly
below the middle of the primordium. The outgrowth is 03 mm. thick, it is
*36 mm. below the upper end and *26 mm. above the lower end of the primor-
dium. From the lower part of the primordium there is a backward outgrowth
external to the R. mandibularis v. This is the Levator mandibulae externus.
It extends upwards towards the otic process of the Quadrate which is beginning
to form.

In a larva of 24 mm. (fig. 62) the Levatores m. anterior, posterior, and
externus have separated from one another. The Levator m. anterior takes
origin from the Crista trabeculae, the Levator m. posterior from the Quadrate,
and the Levator m. externus from the otic process. The Levator bulbi has
separated from the Levator m. anterior and forms a thin plate of cells below
the eye.

In a larva of 28 mm. (fig. 63) the Levator bulbi has extended outwards,
and also inwards towards the Trabecula.

There is a similar development of the Levator bulbi as an outgrowth of
the anterior surface of the Levator m. anterior, in 16 mm. larvae of Hynobius
and in 23 mm. larvae of Triton cristatus.

Anura. Luther distinguished the following muscles, which he classified
according to their relationship to the R. mandibularis.

Names employed in this paper Luther's names
Levator bulbi Levator bulbi
Levator mandibulae anterior (anterior to V8) Pterygoideus s. Adductor m. in-

ternus (medial to V2 and V3)
ILevator mandibulae externus (lateral to V3) Adductor m. externus (lateral to V3)

Primordium of Levator mandibulae anterior subexternus Adductor m. posterior subexternus
1 Levator mandibulae anterior lateralis Adductor m. posterior lateralis
Levator mandibulae anterior articularis Adductor m. posterior articularis

Levator mandibulae posterior (superficialis and profundus) Adductor m. posterior (superficialis
(posterior to V.) and profundus)

Luther stated that in a 7-day Bombinator larva (? length) the precarti-
laginous Palato-quadrate is at right angles to the long axis of the body, with
a Proc. muscularis, a Proc. ascendens, and a Commissura quadrato-cranialis
anterior. The originally undivided primordium of the masticatory muscles has
separated into a more superficial portion caudal to V13-the Adductor mandibulae
posterior, and an inner layer medial to Vg-medial to V3 the Pterygoideus.
The outer layer is a continuous one, being marked only by the different origins
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of the fibres-from the Pars metapterygoidea the Adductor posterior longus
profundus and superficialis, and from the Processus muscularis the Adductor
posterior subexternus, lateralis, and articularis. These muscle-primordia have,
as already pointed out by Goette, an almost vertical position which closely
resembles that of the adult. A rotation subsequently occurs so that they lie
almost horizontally with the original upper ends posterior and the original
lower ends anterior.

In an 8 mm. larva of Rana temp. (figs. 67, 68) the mandibular muscle-plate
is in a vertical position, at right angles to the longitudinal axis of the body.
Its upper end is medial to the lower end of the Gasserian ganglion.
The R. mandibularis passes down lateral to the muscle-plate for a little
distance.

In a 9 mm. larva (figs. 69, 70) the muscIe-plate has separated into dorsal
and ventral portions, the masticatory muscle-plate and the Intermandibularis.
The upper end of the former is close to the Gasserian ganglion, as in the previous
stage. It passes downwards and forwards below the eye, at about 450 to the
longitudinal axis of the body. It is partially separated into the Levator
mandibulae anterior and Levator m. posterior.

In a 9 5 mm. larva (figs. 71-75) the masticatory muscle-plate is nearly in
a horizontal position so that what was anterior is now dorsal, and what was
posterior is now ventral. It is fully separated into Levator m. anterior and
Levator m. posterior. As these muscles are traced forwards it is seen that
they have a mutual twist, so that in front the Levator m. anterior is below
("morphologically" posterior to) the Levator m. posterior. The R. mandibu-
laris v. passes over the Levator m. posterior, obliquely forwards and downwards.
The posterior ("morphologically" dorsal) part of the Levator m. posterior is
partially separated into the Levator m. posterior superficialis and Levator
m. p. profundus. Two outgrowths are given off from the lateral side of the
front end of the Levator m. anterior-the primordium of the Levatores m.
anterior subexternus, articularis, and lateralis below ("morphologically"
posterior to) the R. mandibularis v. and the Levator m. externus above
("morphologically" anterior to) the nerve. These outgrowths occur from the
lower part of the Levator m. anterior which is overlapped by the Levator m.
posterior.

In a larva of 10 mm. (fig. 76) these outgrowths have separated. The
primordium of the Levator bulbi is in process of being proliferated from the
upper ("morphologically" anterior) surface of the Levator m. anterior. It
extends over *04 mm. and is situated under the eye, rather above the middle
of the Levator m. anterior-this muscle extending *2 mm. behind and *33 mm.
in front of the primordium.

In a larva of 11 mm. (fig. 77) the primordium of the Levator bulbi is
separated from the Levator m. anterior. It can be seen in succeeding stages
up to one of 20 mm. (fig. 78) in much the same condition. In a larva of 21 mm.
(fig. 79) in which the hind legs are just visible externally, the Levator bulbi
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has greatly developed and spread, dorso-internally towards the side wall of
the Chondrocranium, and externally under the eye.

As stated above, Goette and Luther showed that in Bombinator larvae the
primordium of the masticatory muscles begins to separate into muscles before
the forward movement of its lower end occurs. I find that in a larva of 8 mm.
(figs. 80-83) the primordium is situated vertically and has separated into
Levator m. anterior and Levator m. posterior, and the latter is beginning to
divide into its superficialis and profundus portions. The dorsal end of the
Levator m. anterior is anterior, and that of the Levator m. posterior is
posterior, to the R. mandibularis v. As the muscles are traced down it is seen
that they mutually twist round one another, so that ventrally the Levator m.
anterior is posterior to the Levator m. posterior. In a larva of 9 mm. the
shifting forwards of the lower ends of these muscles has taken place and the
condition approximates to that of Rana.

Gymnophiona. Luther distinguished the following muscles:
Names employed in this paper Luther's names

Compressor glandulae orbitalis Compressor glandulae orbitalis
Levator mandibulae anterior Pseudotemporalis Adductor externus
Levator quadrati Levator quadrati
Levator mandibulae externus Adductor m. externus minor
Levator mandibulae posterior Pterygoideas

Marcus (1909 and 1910) stated that the primordium of the mandibular
muscles in stages 20 and 24 of Hypogeophis is continuous dorsally with the
2nd or mandibular somite. Its upper end, in these stages, lies immediately
beneath the G. maxillo-mandibulare v. In stage 28 the mandibular somite
has separated from the primordium of the masticatory muscles. The former
was said to develop into the Rectus superior, Rectus inferior, Obliquus inferior
and perhaps the Rectus internus. The development of the primordium of the
masticatory muscles was not followed.

The Obliquus superior was said to develop from the lateral plate of the
premandibular somite. The 3rd somite was said to develop into the Rectus
externus, Retractor tentaculi and perhaps the Rectus internus.

The development of the Compressor glandulae orbitalis was not followed.
Norris and Hughes (1913) stated that the Compressor glandulae orbitalis

is innervated by a branch of the R. mandibularis v. in Dermophis, Herpele and
Geotrypetes1.

In a 28'5 mm. larva of Ichthyophis-the youngest available-(figs. 92-94)
the primordia of the masticatory muscles consist of aggregates of round and
spindle-shaped cells. There are as yet no muscle fibres. The R. mandibularis v.
passes outwards above the pterygoid process of the Quadrate, and then down-
wards outside Meckel's cartilage. In front of this nerve is the Levator m.

' They further add that the statement of Marcus that this muscle is innervated by the iii. is
obviously an error. I cannot find, however, that Marcus did make this statement.
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anterior, behind it the Levator m. posterior. The Levator m. anterior is a
triangular mass, the upper edge of which is just outside the Taenia marginate
and, posteriorly, just beneath the upper part of the ascending process of the
Quadrate. The posterior edge is vertical. The apex is close to Meckel's cartilage.
The primordium of the Levator quadrati is present on the inner surface of the
Levator m. anterior, from which it is not quite separated. It slopes downwards
and backwards towards the pterygoid process of the Quadrate. The Levator
m. posterior passes downwards from the ascending process towards Meckel's
cartilage. It is far less in size than the Levator m. anterior.

In a larva of stage 2 (figs. 95-97) (a larva of which the tail was broken off
and the length of which could not be determined but which in development
was intermediate between the 28-5 and the 35 mm. larvae) the primordium of
the Compressor glandulae orbitalis has developed. It is a column of cells which
is posteriorly continuous with the anterior surface of the Levator m. anterior,
and projects forwards for a little distance. The Levator quadrati is fully
separated from the inner surface of the Levator m. anterior. The posterior end
of the Levator m. anterior projects backwards external to the R. mandibularis
v. and the Levator m. posterior. This is the primordium of the Levator m.
externus. The Levator m. posterior has an additional head from the pterygoid
process of the Quadrate and the pterygoid bone.

In a 35 mm. embryo (figs. 98, 99) the Levator quadrati has an additional
insertion into the pterygoid bone. The Levator m. posterior is partially sepa-
rated into two, corresponding to its primary and secondary heads of origin;
the latter fibres pass downwards and backwards.

In a 59 mm. embryo (fig. 103) the Compressor glandulae orbitalis has
separated from the Levator m. anterior. The upper end of the latter has spread
backwards over the parietal bone. The Levator m. externus is a separate
muscle. The lower, secondary, head of the Levator m. posterior, arising from
the pterygoid process and the Pterygoid bone, passes backwards on the medial
side of the jaw towards the extremity of the retroarticular process.

In the adult stage (vide Luther), the primary head of the Levator m.
posterior from the ascending process has disappeared.

The masticatory muscles of a 70 mm. larva of Siphonops (figs. 84-89)
resemble those of the 59 mm. larva of Ichthyopis, with the following exceptions.
(1) The Levator m. anterior has no origin from the ascending process of the
Quadrate. (2) The primary head of the Levator m. posterior from the ascending
process ofthe Quadrate--presumably present in earlier stages-has disappeared,
and only the secondary head of the muscle exists-taking origin from the
pterygoid process of the Quadrate, the basipterygoid process and the os basale.

Discussion. Luther was of the opinion that the Levator bulbi of Urodela
and Anura, and the Levator quadrati and Compressor glandulae orbitalis of
Gymnophiona, are the homologues of the Constrictor i. dorsalis of Elasmo-
branchs and Teleostomi; whilst the jaw muscles of Amphibia are (collectively)
the homologuze of the Adductor mandibulae of these fishes.
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Now, in Menopoma, Hynobius, Triton cristatus, and Rana temp. the Levator
bulbi is formed from cells proliferated from the anterior surface of the Levator
anterior, whilst in just earlier stages no trace of these cells is visible. On
Luther's theory it should have been possible to detect a primordium becoming
detached from the dorsal end of the primordium of the masticatory muscles
and moving down to the position it occupies. This was not found. Further,
if Luther's theory were true it should be found that the Levator quadrati and
Compressor glandulae orbitalis of Ichthyophis are developed from a common
primordium of the masticatory muscles and then separating into two-one
passing to a position internal to the Levator anterior to form the Levator
quadrati, and the other to a position in front of it to form the Compressor
glandulae orbitalis. This was not found. The Levator quadrati is separated
from the internal surface of the Levator anterior and the Compressor glandulae
orbitalis is proliferated from its anterior surface. It is concluded that Luther's
theory is not tenable.

Further, it is observable that the primordium of the masticatory muscles
in Menopoma, Hynobius, Rana, and Ichthyophis extends from the Gasserian
ganglion to the jaw just as does that of the Constrictor i. dorsalis + Adductor
mandibulae in Scyllium and Amia.

The primordium of the masticatory muscles of these Amphibia is thus
homologous with that of the Constrictor i. dorsalis + Adductor mandibulae,
and not solely with the latter. The terms Levatores mandibulae are conse-
quently employed instead of Adductores mandibulae. In this respect Amphibia
are very like Ceratodus. The resemblance between the primordium of the
masticatory muscles of Amphibia and Ceratodus extends to the muscles into
which it develops. In Dipnoi the masticatory muscles can be classified accord-
ing to their relationship to the R. mandibularis v. into Levatores m. anterior,
posterior, and externus. The same thing is true of Amphibia-as was also
pointed out by Luther. The developmental phenomena, however, suggest
some modification of his opinions.

In early stages of Menopoma the primordium of the masticatory muscles
is median to the R. mandibularis v., extending in front of and below the nerve.
It separates into Levatores m. anterior and posterior. The Levator m. externus
is formed by outward and backward growth from the Levator m. anterior
external to the nerve. The Levator bulbi is proliferated from the anterior
surface of the Levator m. anterior.

Determination of the homologies of the masticatory muscles of Rana with
those of Urodela is rendered a little difficult by three facts: (1) Their pri-
mordium begins to separate into individual muscles during the forward
movement of the lower end. (2) The lower parts of the Levator m. anterior
and Levator m. posterior twist round one another so that the ventral end of
the Levator m. anterior is below ("morphologically" posterior to) that of the
Levator m. posterior. (3) The R. mandibularis v. crosses over the Levator m.
posterior obliquely forwards and downwards.
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In the larva of Bombinator, however, the primordium of the masticatory
muscles separates into the Levator m. anterior and Levator m. posterior whilst
the primordium is still in a vertical position, so that determination of their
morphological value becomes possible. It is seen that the lower ends of the
Levators twist round one another. The insertion of the Levator m. anterior,
posterior to that of the Levator m. posterior, is thus not related to the second-
ary horizontal position of the muscles in the larva. It persists in the adult
stage of Anura videe the description and figure of Luther).

The Levator m. externus of Rana is proliferated from the lateral surface
of the Levator m. anterior and grows backwards and outwards above (i.e.
"morphologically" anterior to) the R. mandibular v. exactly as in Menopoma.
The primordium of the Levatores m. subexternus, lateralis, and articularis is
proliferated from the lateral surface of the Levator m. anterior below (i.e.
"morphologically" posterior to) the R. mandibularis v.

Owing to the mutual twist of the lower ends of the Levatores m. anterior
and posterior, the Levator m. externus and the primordium of the Leiatores
m. subexternus, lateralis, and articularis are proliferated from the Levator
m. anterior below ("morphologically" posterior to) the Levator m. posterior.

These developmental phenomena show that the Levatores subexternus,
lateralis, and articularis cannot be regarded as portions of the Levator m.
posterior-as was thought by Luther (his terms being, of course, " Ad-
ductores ").

The Levator bulbi is proliferated from the anterior surface of the Levator
m. anterior, as in Menopoma, Hynobius and Triton.

As regards Gymnophiona, the muscle here called Levator m. anterior
corresponds to Luther's Pseudo-temporalis + Adductor m. externus. He
stated that his Adductor m. externus is homologous with the similarly named
muscle of Urodela and Anura. But it is difficult to believe this, for-as he
himself states-it lies anterior and not external to the R. mandibular v.
Further, in transverse sections of these larvae of Ichthyophis and Siphonops
I failed to find any separation of the muscle-mass in front of the R. mandibular
v. into two portions. The Ri. maxillaris v. and buccalis pierce it from behind
forwards, but the muscle-fibres are in apposition above and below those nerves.
There is thus only one muscle, the Levator m. anterior, and the separation
into medial and lateral parts described by Luther and by Norris and Hughes
is of late development.

The Levator quadrati is separated from the inner surface of the Levator
m. anterior. It is not formed dorsal to the Levator m. anterior and subsequently
move down to its permanent position-as would be the case if it were homo-
logous with the Constrictor i. dorsalis of Selachii and Teleostomi. It has no
homologue in Urodela, not even in those Urodela which become semi-strepto-
stylic.

The Compressor glandulae orbitalis is proliferated from the anterior
surface of the Levator m. anterior, just as is the Levator bulbi of Anura and
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Urodela. It has no genetic association with the Levator quadrati, as Luther
supposed. The recent determination of its innervation by Norris and Hughes
from the R. mandibularis v. in Dermophis, Herpele, and Caecilia, agrees with
this.

Luther stated that there is no Adductor m. posterior in Gymnophiona,
and that the " Pterygoideus " is homologous with the similarly named muscle
of Urodela. Now the Pterygoideus of Urodela is one of the subdivisions of
the Levator m. anterior, whilst the "Pterygoideus" of Gymnophiona is the
Levator m. posterior, which acquires a secondary origin from the Pterygoid
process and Pterygoid bone, whilst its insertion extends back to the end of
the retroarticular process. I therefore regard the "Pterygoideus".of Luther
as homologous with the Levator m. posterior of Urodela and Anura.

The muscle here termed Levator externus is identical with the Adductor
externus minor of Luther. He stated that it is probably part of his Adductor
externus, the separation being due to the passage of a couple of sensory nerves
between the two portions. He added that it might be homologous, perhaps
only analogous, with the Adductor posterior lateralis of Anura. I find that
it is an outgrowth from the Levator anterior, lateral to the R. mandibularis v.,
just as in Menopoma and Rana, and consequently regard it as a Levator
externus.

The above can be summed up in the following table:
Levator mandibulae anterior Levator mandibulae

posterior
Levator bulbi

Levator or Compressor
mandibulae glandulae Levator
externus orbitalis quadrati

Ceratodus + 0 0 0 +
Protopterus + + 0 0 +
Lepidosiren + + 0 0 +
Urodela + + + 0 +
Anura + + + 0 +
Gymnophioita + + + + +

Comparison of the masticatory muscles of Dipnoi and Amphibia brings out
the following points:

The Levator m. anterior is large and simple in Dipnoi. It separates into
the Pseudo-temporalis and Pterygoideus, of Luther, in Urodela. It gives off
the primordium of the Levatores m. subexternus, lateralis, and articularis, in
Anura. It separates into two parts at a late stage in Gymnophiona. This
separation is not homologous with that which takes place in Urodela.

The Levator n. externus is absent in Ceratodus, and quite small in Pro-
topterus, Lepidosiren, Anura and Gymnophiona. It is greatly developed in
Urodela.

The Levator m. posterior is large in Dipnoi, especially in Ceratodus. It is
much less developed in Urodela, Anura, and Gymnophiona. In the last-
mentioned group the original head from the ascending process of the Quadrate
is lost during development and a secondary one gained.



On the Autostylism of Dipnoi and Amphibia 253

The Levator quadrati of Ichthyophis and Siphonops has no homologue in
Dipnoi, Urodela or Anura. Its formation is related to the development of
streptostylism. The development of semistreptostylism in some genera of
Urodela is not associated with any change in the masticatory muscles' nor
with the formation of a Levator quadrati-a fact which when taken into
association with the scattered distribution of semistreptostylism in Urodela
videe table, p. 236) harmonises with the theory deduced from the skeletal
evidence that the conditions of streptostylism in Gymnophiona and of semi-
streptostylism in Anura and some Urodela have been separately acquired in
these families of Amphibia from an ancestral condition of monimostylism.

The argument in the above pages may be summed up as follows. In
Selachii and Teleostomi the primordium of the masticatory muscles separates
into dorsal and ventral parts-the Constrictor i. dorsalis and Adductor
mandibulae. In Dipnoi and Amphibia it does not so divide into dorsal and
ventral parts, but separates into dorso-ventral strips. The monimostylism
which the skeletal evidence suggests as the primary condition in Dipnoi and
Amphibia is related to this non-division of the primordium of the masticatory
muscles into dorsal and ventral parts. The Levator bulbi of Urodela and Anura
and the Compressor glandulae orbitalis of Gymnophiona are homologous
structures, developed from cells proliferated from the anterior surface of the
Levator mandibulae anterior. In Gymnophiona the secondary development of
streptostylism is associated with the separation of a fasciculus from the medial
surface of the Levator mandibulae anterior to form a Levator quadrati.

On the supposition, which is supported by the above-recorded phenomena,
that Dipnoi and Amphibia have sprung from a common autostylic, monimo-
stylic, stock, it is of interest to make comparison of the various cranial cartilages
and muscles to ascertain in which groups the more primitive features occur.

Dipnoi are more primitive than Amphibia in:
1. The site of attachment of the basal process of the Quadrate.
2. The presence of an Epihyale (in Ceratodus).
3. The absence of a Fenestra vestibule.
4. The condition of the hyoid muscles-consisting as they do of a Levator

hyoidei), Interhyoideus, and Opercularis s. Constrictor hyoideus 2. On the
other band, in Amphibia there is no Opercularis, and the Levator hyoidei

1 It should be noted, however, that Luther states that in the adult condition of Hynobiu8
and Salamandrella (which are semi-streptostylic) some fibres of the Levator bulbi are inserted
into the pterygoid process of the Quadrate. This is of late development, e.g. it is not present in
a 37 mm. larva of Hynobius in which the basal joint had already developed.

2 According to Ruge the Levator hyoidei (C2 hd) is present in Protopteruts but has almost
entirely disappeared in Ceratodus-only the few bundles passing to the Hyomandibulare
(the cartilage I call "Interhyale") can be regarded as its remains. I find, however, that it is
in the adult a well-marked muscle passing, partially medial to the outer limb of the Interhyale,
from the under surface of the auditory capsule to the apex and posterior edge of the Keratohyale.
I do not find any fibres passing to the Interhyale. The condition is thus similar to that present
in a 27 mm. embryo.
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gains, in part or wholly, an insertion into the hind end of the lower jaw,
forming a Depressor mandibulae.

5. The condition of the Constrictores branchiales (only known however in
Ceratodus).

6. The number of Transversii ventrales.
7. The presence of a 5th bronchial bar and musculature.
8. The condition of the laryngeal muscles.
Amphibia are more primitive than Dipnoi in:
1. The presence in some of a well-marked pterygoid process of the

Quadrate, joining the Trabecula.
2. The number of the Subarcuales recti.
3. The absence of any backward extension of the hind end of the Genio-

hyoideus (so that a Genio-coracoideus or Genio-thoracius is not formed).
4. The situation of the larynx, i.e. does not shift backwards.
5. The absence of a Constrictor oesophagi et laryngis.
Two features (1) the absence of a Levator mandibulae externus in

Ceratodus, and (2) the absence of an ascending process of the Quadrate in
Lepidosiren and Protopterus-are of doubtful phylogenetic significance. The
first mentioned may perhaps be primary.

ON THE RELATIONSHIP OF THE QUADRATE AND MASTICATORY MUSCLE OF
ELASMOBRANCHII AND TELEOSTOMI WITH THOSE

OF DIPNOI AND AMPHIBIA.

Swinnerton (1902), from his observations on the development of the skull
of Gasterosteus and other Teleostomi, suggested that Elasmobranchii and
Teleostomi sprang from a common ancestral stock with a Quadrate "bearing
dorsally two, possibly three, processes; an anterior one, parallel with its fellow,
and not united with it, but with the ethmoid plate, so that a moveable upper
jaw did not exist; a middle one articulating with the trabecula, in the region
lying between the optic and trigeminal nerves; a posterior one articulating
with the auditory capsule." He did not take the masticatory muscles into
consideration, nor did he make any reference to Dipnoi or Amphibia.

In 1911 I suggested a similar theory based on comparison of the develop-
ment of the masticatory muscles in Elasmobranchii, Teleostomi, Dipnoi, and
Amphibia. It differed from Swinnerton's in that the middle and posterior
connections were supposed to be continuous, so that the Palato-quadrate was
fixed to the Chondrocranium at three points. I now restate the theory, with
additions due to later work.

Scyllium is hyostylic. In a 23 mm. embryo (fig. 12) the Trabeculae are
not yet developed, and the (continuous) primordium of the Palato-quadrate
and Meckel's cartilage is not connected with any other structure. In a 29 mm.
embryo (fig. 13) the Palato-quadrate is chondrified; the primordium of the
spiracular cartilage is formed as a procartilaginous upgrowth of the hind end
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of the Palato-quadratel. In a 35 mm. embryo (figs. 14-17) the antorbital
process of the chondrocranium is formed; its antero-internal end is continuous
with the Trabecula, and the roof of the nasal capsule. From this point it
extends postero-externally. Its posterior end is continuous with the Palato-
quadrate. The nasal roof itself has no relations with the Palato-quadrate,
which at this stage does not extend so far forwards. The primordium of the
spiracular cartilage is separated from the Palato-quadrate. In a 53 mm.
embryo (figs. 18-20), in which the cartilages are more fully chondrified, the
posterior end of the antorbital process has extended further backwards. Its
antero-internal end is still continuous with the Trabecula and the roof of the
nasal capsule. A ligament passes from the back of the nasal roof to the dorsal
surface of the Palato-quadrate, and another from the lateral edge of the
antorbital cartilage to the Palato-quadrate. The spiracular cartilage is
chondrified. The anterior end of the Palato-quadrate has extended further
forward and meets its fellow.

There is thus in early stages a cartilaginous continuity between the Palato-
quadrate and the antorbital process of the chondrocranium. This degenerates
into a ligament.

Acanthias is streptostylic and amphistylic. The basal process of the
Palato-quadrate articulates with the Trabecula. Sewertzoff showed that this
basal joint is preceded by a continuity of the basal process with the Trabecula.

Notidanus (Heptanchus) is autostylic and streptostylic. Gegenbaur stated
that the otic process articulates with the postorbital process of the cranium
and that the basal process articulates with the cranium by a "Palato-Basal-
gelenk." Huxley subsequently stated that the basal process is attached to
the cranium by a strong ligamentous band. The basal connection is thus
variable in character.

I find that. in a 58 mm. embryo the basal joint with the Trabecula is
already formed. The otic process of the Palato-quadrate and the post-orbital
process of the chondrocranium are separated by a small gap filled with
mesenchyme. In a 70 mm. embryo the postorbital joint has developed 2.

The postorbital joint is thus not preceded by any cartilaginous continuity.
The basal joint may be so preceded, but earlier stages were not available.

Heterodontus (Cestracion) is amphistylic. Huxley stated that the huge
Palato-quadrate is united to the skull in the praeorbital region by a joint,
and in the orbital region by fibrous tissue. "An otic process, or spiracular
cartilage, is connected to the periotic cartilage above and to the quadrate
below the ligament."

1 Six embryos of Scyllium of 29-30 mm. were cut before finding this. The other embryos
were not old enough or too old to show the continuity of the primordium of the spiracular
cartilage with the Palato-quadrate. The process of formation and budding off probably takes
but a short time. These occurrences are merely an illustration of the fact that size is not an
exact criterion of stage of development. They may explain the failure of Dohrn to find that the
spiracular cartilage is formed from the Palato-quadrate.

2 It is well seen in a model of this chondrocranium lately made by my colleague Dr Henderson.
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I find that in a 47 mm. embryo (figs. 24, 25) the anterior end of the Palato-

quadrate is in contact with the Trabecula. The primordium of the spiracular
cartilage is a dorsal procartilaginous process of the hinder end of the Palato-
quadrate. The upper end of the Hyomandibula articulates with the lower
surface of the auditory capsule, and its lower end with the Palato-quadrate
and Meckel's cartilage. The chondrocranium is very immature, and the
Trabecula is nearly at right angles to the Parachordal. Older embryos were
not available.

Ganoids. Acipenser is hyostylic. Parker stated that this condition is
developed at a very early stage (8.5-9.5 mm. embryos) and that there is no
connection with the chondrocranium. My observations confirm this.

Polyodon is hyostylic. The development is not yet known. Bridge stated
that the Palato-quadrate has no connection with the cranium either directly
or by ligament, but is suspended by its posterior extremity from the distal
end of the Symplectic, to which it is attached by two slender ligaments.

Polypterus is hyostylic. Budgett stated that in a 30 mm. embryo the
anterior end of the Palato-quadrate articulates with a facet on the ventral
side of the nasal capsule.

Amia is amphistylic. The Pars palatina of the Quadrate articulates with
the Planum ethmoidale, is tied to the Trabecula by a basipterygoid ligament
and to the hinder wall of the orbit by a ligament. In a 19 mm. embryo
(Swinnerton) the Palato-quadrate has a large basal process projecting towards
the Trabecula, and the latter has a slight lateral process. The anterior end
abuts against the Planum ethmoidale. I can confirm these statements.

Lepidosteus is amphistylic. In development (Parker, Veit) the anterior
end of the Palato-quadrate is united to the Cornu trabeculare by cartilage
(Parker), or firm connective tissue (Veit). Further back, the Palato-quadrate
is united to the Trabecula by embryonic cartilage in which a basal joint
subsequently develops (Veit). Later on, an otic process is developed and
projects towards but does not reach the auditory capsule (Parker).

Teleostei. In Gymnarchus (Assheton) the Pars palatina of the Palato-
quadrate is continuous with the Trabecula by precartilaginous tissue, and the
Pars quadrata articulates with the auditory capsule (= an otic process). In
Gasterosteus (Swinnerton) the Pars palatina articulates, and in some stages is
continuous, with the side of the ethmoid plate. In many Teleostei, e.g. Belone,
Zoarcia, Salmo, there is a basal process projecting from the Quadrate towards
the Trabecula (Swinnerton). The mode of suspension is hyostylic only pos-
teriorly, but autostylic anteriorly.

It would appear, therefore, that the Palato-quadrate is continuous with
the Chondrocranium in some genera of Selachii and Teleostomi at two points-
anteriorly and in the middle, corresponding to the anterior and basal con-
tinuities of Amphibia. Further, there is an otic process in Heptanchus,
Lepidosteus, and Gymnarchus. In Heptanchus it articulates with the post-
orbital process of the auditory capsule, in Lepidosteus it approaches but does
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not touch, or articulate with, the auditory capsule, in Gymnarchus it articulates
with it'.

Dohrn stated that the spiracular cartilage is of independent formation in
Scyllium, Pristiurus, Mustelus, Raja, and Torpedo. But in Scyllium, as shown
above, it is formed as a procartilaginous outgrowth of the hind end of the
Palato-quadrate and subsequently separates and chondrifies. Similarly, in
Heterodontus it is formed as a procartilaginous outgrowth of the Palato-
quadrate. This evidence shows that, as Huxley suggested, the spiracular
cartilage is homologous with the otic process.

Gegenbaur was of opinion that the articulation of the otic process of
Heptanchus with the post-orbital process represents the primary articulation
with the Chondrocranium, whilst the basal connection is secondary. Huxley
was of the reverse opinion. Luther held that the post-orbital connection is
not an ancestral feature. It only occurs in certain groups, "in which the
independently preformed processes came into connection with one another."
This theory evidently does not offer any explanation of the otic process-a
process which is of ancient origin, for Luther states that there are many fossil
forms as far back as the oldest Selachians known in which there is an apposition
("Anlegen") or union of the Quadrate with the post-orbital process.

Comparison of the whole series of forms-Amphibia, Dipnoi, Gymnarchus,
Lepidosteus, Heptanchus-suggests the existence of an ancestral continuity of
the otic process with the outer surface of the auditory capsule, and that the
joint with the post-orbital process of the last named is a secondary pheno-
menon. In development the post-orbital process is formed at a later stage
than the auditory capsule.

The sum of these skeletal phenomena suggests that Selachii, Batoidei, and
Teleostomi are descended from autostylic and monimostylic ancestors in
which there was a Pterygo-quadrate united to the Chondrocranium at three
points. The anterior end was probably fused with the ethmoid region. The
middle region was probably fused to the Trabecula by a basal process. The
otic process was probably fused with the auditory capsule. This condition
was lost and a streptostylic one developed. Heptanchus is autostylic, the
others amphistylic or hyostylic, whilst various traces are left in developmental
phenomena or in adult anatomy of what existed in the past.

The development of a moveable Pterygo-quadrate was probably cor-
related with the formation of a Constrictor i. dorsalis, i.e. with a division of
the primordium of the masticatory muscles into dorsal and ventral portions
-the Constrictor i. dorsalis and Adductor mandibulae. The ontogenetic
phenomena in Scyllium and Amia have been described above.

There are certain skeletal and muscle differences between these various
groups. (1) In Amia, Polypterus, Lepidosteus, and Teleostei, the anterior
process of the Quadrate, just as in Amphibia, does not extend further forwards
than its connection with the Chondrocranium; whereas in the majority of

Assheton did not state whether the articulation was preceded by a continuity of tissue.
Anatomy Lx 17
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Selachii, in Batoidei, Acipense&r, and Polyodon, it is prolonged anteriorly,
nearly or quite meeting its fellow. To mark this difference the former condition
-probably the primary one-might be called a Pterygo-quadrate, the latter

a Palato-quadrate. In successive developmental stages of Acanthias, Scyllium,
and Acipenser, the anterior end of the bar can be seen extending forwards until
finally it meets its fellow. (2) No Processus ascendens has been described in
Selachii, Batoidei, and Teleostomi, whereas one is developed in Ceratodus and
Amphibia. The latter condition is probably a later phylogenetic development.
(3) In Selachii and Teleostomi the primordium of the masticatory muscles lies
in early stages median to the R. mandibularis v. and shows no trace of division
either then or subsequently into parts in front of and behind the nerve. On
the other hand, in Dipnoi and Amphibia, the primordium of the masticatory
muscles separates into parts in front of and behind the nerve, i.e. Levator m.
anterior and Levator m. posterior. This division is probably a later phylo-
genetic development.

Holocephali are monimostylic, the Palato-quadrate fusing with the
Chondrocranium during development (Schauinsland, Dean). There is no Con-
strictor i. dorsalis. The masticatory muscles were described by Vetter and by
Luther in terms of an Adductor mandibulae. If it could be shown that a
Constrictor i. dorsalis exists in early developmental stages and subsequently
atrophies, this would confirm their opinion, and also be evidence that the
monimostylic condition is secondary and not primary. But the material for
such an investigation was not available.

It is interesting to observe that the Pterygo-quadrate is fixed in Cyclo-
stomata. In Petromyzon (Parker) the Pterygo-quadrate is continuous with
the Chondrocranium by a basal process, and by one with the ethmoid region
of the skull. In Myxiie (Cole) the Pterygo-quadrate is continuous with the
Trabecula by two bars, and its anterior continuation-the palatine-by a
third bar. In Bdellostoma (Ayers and Jackson) the Pterygo-quadrate articu-
lates with the auditory capsule, is continuous with the palatine, and from the
junction, projects a process which is continuous with the Trabecula.

It would thus appear that, whatever the genealogical relationship of the
Cyclostomata and Gnathostomata may be, the former have sprung from forms
with a fixed Pterygo-quadrate.

I have the pleasure of thanking Dr Henderson for the loan of an embryo
of Scyllium and a larva of Amblystoma; D. P. F. Murray, Esq. for embryos of
Heterodontus; DrBancroft for embryos of Ceratodus; Prof. de Lange for larvae of
Bombinator and Ichthyophis; DrDunn for larvae of Desmognathus, Spelerpes and
Plethodon; Prof. Sewertzoff and Prof. Schma]hausen for larvae of Salamandrella
and Ranodon, and the latter also for adult specimens of both these Urodeles.

I am also indebted -to Mr Emery, laboratory steward, for efficient help in
making the models, and to Miss Cross for the drawings of them. The expenses
were met by a grant from the Colston Research Society.

April 7, 1924.
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DESCRIPTION OF FIGURES

In any figures of sections of the same specimen the lowest number indicates the most anterior
or the most dorsal section, as the case may be.

Scyllium canicula. Figs. 1-20.
Figs. 1-5. Embryo 14 mm. long, horizontal sections.
Figs. 6, 7. Embryo 17 mm. long; model fig. 6 seen from without; fig. 7 seen from within.
Figs. 8-11. Embryo 20 mm. long, horizontal sections.
Fig. 12. Embryo 23 mm. long, model seen from without.
Fig. 13. Embryo 29 mm. long, transverse section. The section is slightly oblique and cuts the

primordium of the spiracular cartilage on the left side, whilst it is in front of it on the right.
Figs. 14-17. Embryo 35 mm. long, transverse sections.
Figs. 18-20. Embryo 53 mm. long, transverse sections.

Squalus acanthias. Figs. 21-23.
Figs. 21-23. Embryo 22 mm. long, horizontal sections; fig. 21 is the most dorsal.

Heterodontus. Figs. 24, 25.
Figs. 24, 25. Embryo 47mm. long, drawings of model. Fig. 24 is of the left side; fig. 25 of the right

side showing the mandibular muscles. Anteriorly the cartilage passes into procartilage at
the dotted line, and this gradually into connective tissue. The anterior limit of the Chrondro-
cranium is thus indefinite. The primordium of the spiracular cartilage and the upper part
of the auditory capsule is also procartilaginous. There is no post-orbital process.

Amia calva. Figs. 26-28.
Fig. 26. Embryo 6 5 mm. long, drawing of model showing the mandibular and hyoid muscles from

the side.
Fig. 27. Embryo 7-5 mm. long, the same.
Fig. 28. Embryo 8-5 mm. long, transverse section.

Ceratodus forsteri. Figs. 29-40.
Figs. 29, 30. Embryo 6 mm. long, horizontal sections.
Figs. 31, 32. Embryo 9 mm. long, horizontal sections.
Fig. 33. Embryo 11 mm. long, horizontal sections.
Figs. 34-36. Embryo 11 mm. long, transverse section. There is a distance of *08 mm. between

figs. 34 and 35. Fig. 36 depicts the section next behind that in fig. 35.
Fig. 37. Embryo 12 mm. long, transverse section.
Figs. 38, 39. Embryo 12-5 mm. long, drawings of model of ocular muscles. Fig. 38 from above;

fig. 39 from below.
Fig. 40. Embryo 19 mm. long, horizontal section. The section is slightly oblique, sloping from

the middle line outwards and slightly downwards.

Amblystoma punctatum. Fig. 41.
Fig. 41. Larva 13-5 mm. long, horizontal section.

Desmognathus fuscus. Fig. 42.
Fig. 42. Larva 19 mm. long, transverse section.

Plethodon cinereus. Figs. 43, 44.
Fig. 43. Adult 25 mm. long, transverse section.
Fig. 44. Adult 49 mm. long, transverse section.

Salamandrella Keyserlingii. Figs. 45-50.
Fig. 45. Larva 13-5 mm. long, horizontal section.
Figs. 46, 47. Larva 17 mm. long, drawings of model of chondrocranium.
Fig. 48. Larva 17 mm. long, transverse section.
Fig. 49. Larva 22-5 mm. long, transverse section.
Fig. 50. Larva 34 mm. long, transverse section.

Ranedon sibiricus. Figs. 51, 52.
Figs. 51, 52. Larva 25 mm. long, drawings of model of chondrocranium.
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Menopoma clleghanienwe. Figs. 53-63.

Figs. 53-55. Larva 15 mm. long, horizontal sections; 53 is the most dorsal.
Figs. 56-58. Larva 16 mm. long, horizontal sections; 56 is the most dorsal.
Figs. 59, 60. Larva 20 mm. long, horizontal sections; 59 is the more dorsal.
Fig. 61. Larva 20 mm. long, drawing of model of masticatory muscles from the outside.
Fig. 62. Larva 24 mm. long, transverse section.
Fig. 63. Larva 28 mm. long, transverse section.

Necturus macdlatus. Figs. 64-66.
Figs. 64, 65. Embryo 25 mm. long, transverse section; 64 is the more anterior.
Fig. 66. Embryo 30 mm. long, drawing of model of chondrocranium from below.

Rana temp. Figs. 67-79.
Figs. 67, 68. Larva 8 mm. long, horizontal sections; 67 is the more dorsal.
Figs. 69, 70. Larva 9 mm. long, sagittal sections; 69 is the more external.
Fig. 71-75. Larva 9j mm. long, transverse sections; 71 is the most anterior.
Fig. 76. Larva 10 mm. long, transverse section.
Fig. 77. Larva 11 mm. long, transverse section.
Fig. 78. Larva 20 mm. long, transverse section.
Fig. 79. Larva 21 mm. long, transverse section.

Bombinator. Figs. 80-83.
Figs. 80-83. Larva 8 mm. long, horizontal sections; 80 is the most dorsal.

Siphonops braziliensis. Figs. 84-89.
Figs. 84-89. Larva 70 mm. long, transverse sections; 84 is the most anterior.

IchthyopkiW glutinosus. Figs. 90-103.
Figs. 90, 91. Larva 28-5 mm. long, drawings of model of chondrocranium; 90 from below; 91 from

outside.
Figs. 92, 93. Larva 28.5 mm. long, drawings of model of masticatory muscles; 92 from outside;

93 from inside.
Fig. 94. Larva 28-5 mm. long, transverse section.
Figs. 95-97. Larva stage 2 (of development intermediate between the 28-5 and 35 mm. larvae),

transverse sections; 95 is the most anterior.
Figs. 98-102. Larva 35 mm. long, transverse sections; 98 is the most anterior: there is a distance of

*04 mm. between 100 and 101, and of .05 mm. between 101 and 102.
Fig. 103. Larva 59 mm. long, transverse section.

ABBREVIATIONS
Add. mand. Adductor mandibulae
ant. orb. proc. antorbital process
aso. proc. Quad. ascending process of Quadrate
aud. caps. auditory capsule
basal proc. Quad. basal process of Quadrate
Branch. i. Branchiale i.
Col. auris Columella auris
Comp. gl. orbit. Compressor glandulae orbitalis
Constr. i. dors. Constrictor i. dorsalis
Dep. mand. Depressor mandibulae
Duct. endolymph. Ductus endolymphaticus
g. max. mand. v. ganglion maxillo-mandibulare v.
Gass. g. Gasserian ganglion
genic. g. vii. geniculate ganglion vii.
geniocorac. Genio-coracoideus
hyoid m. pl. hyoid muscle plate
Intermand. Intermandibularis
Keratohy. c. Keratohyal cartilage
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lat. proc. basal pi.
Lev. bulbi
Lev. mand. ant.
Lev. mand. ext.

subext.)
Lev. m. ant. lat. prim.

art. J
Lev. mand. post.
Lev. m. post. prof.
Lev. m. post. superf.
Lev. quad.
ling. m.

mand. gloss.
mand. m. pL
mast. m. p1.

max. pal. b.
N. alv. v.
N. alv. vii.
N. bucc. vii.
N. hypogloss.
N. mand. v.
N. max. v.
Orbit. hyoid
Obliq. inf.
Obliq. sup.
Otic pr. Quad.
Pal. quad.
Paraquad. b.
Pariet. b.
Plan. iriternus
Praeorb.
praefacial com.

praemand. som.

proc. music. Quad.
ptery. b.
R. alv. v.

R. alv. vii.
R. mand. v.

R. max. v.

R. max. mand. v.

R. oph. prof. v.

R. oph. superf. vii.
R. post N. intermand. v.

Spir. cart.
Sub. arc. R. i.
Suspens. ceratohy. and Quadan

Suspen. hyoid.
Taenia marg.
Trab.
R. max. ext. v.

Tr. hyomand. vii.

lateral process of basal plate
Elevator bulbi
Elevator mandibulae anterior
Elevator mandibulae externus
primordiumn of Levatores mandibulae anterior subexternus

of lateralis and articularis

Elevator mandibulae posterior
Elevator mandibulae posterior profundus
Elevator mandibulae posterior superficialis
Elevator quadrati
lingual muscles
Mandibulo-glossus
mandibular muscle plate
masticatory muscle plate
maxillo-palatine bone
Nervus alveolaris v.

Nervus alveolaris vii.
Nervus buccalis vii.
Nervus hypoglossus
Nervus mandibularis v.

Nervus maxillaris v.

Orbito-hyoideus
Obliquus inferior
Obliquus superior
Otic process of Quadrate
Palato-quadrate
Paraquadrate bone
Parietal bone
Planum
Praeorbitalis
praefacial commissure
praemandibular somite
processus muscularis of Quadrate
pterygoid bone
Ramus alveolaris v.

Ramus alveolaris vii.
Ramus mandibularis v.

Ramus maxillaris v.

Ramus maxillo-mandibularis v.

Ramus ophthalmicus profundus v.

Ramus ophthalmicus superficialis vii.
Ramus posterior of Nervus intermandibularis v.

Spiracular cartilage
Subarcualis rectus i.

ig. primordium of Suspensorio-ceratohyoideus and Quadrato-
angularis

Suspensorio-hyoideus
Taenia marginata
Trabecula
Ramus maxillaris externus v.

Trunous hyomandibularis vii.

Roman numerals
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