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CONTRIBUTIONS TO THE CItANIAL OSTEOLOGY OF TH~j 
FISHES. 

Nos. IlL, IV. AND V. 

H. LEIGHTON KESTEVEN, D.Sc., M.D., Ch.M., 

Honorary Zoologist, Australian Museum. 

No. Ill. THE TELEOSTOME SKULL; AN ATTEMPT TO PROVIDE AN ICHTHYO· 
CRANIOLOGICAl, N OMENCI,ATURE. 

The several skulls described in these communications were dealt 
with as they came to hand and not in any prearranged order. As the 
work progressed, the disability of the want of a recognised terminology 
for the various skull areas and cavities was increasingly felt. When 
a number of skulls had been described it was found that similar areas 
or cavities were not always similarly constituted in the different skulls. 
Two illustrations may be cited. There are at the back of all the skulls 
described three muscle fossae on each side. Of these, that which is 
next the mid·line appears to be constantly related to the most anterior 
epiaxial capiti.nuchal muscles; the middle fossa on each side appears 
equally constantly to be developed for the attachment of the anterior 
hypoaxial capiti-pectoral muscles, whilst the relation of the third fossa 
to the dilatator operculi muscle gained it the name of dilatator fossa. 
from the pen of Sagemehl and Allis.l The three fossae are developed in 
very different degrees and constituted differently in different fish. Again, 
the various bony recesses for the parts of the audit,ory organ are not 
constantly accommodated in the same bones, yet the cavities themselves 
are constantly recognisable. 

To obviate this disability a halt was called in the description of 
t,he skulls and the following general description of a fish skull was drawn 
up. It will be noted that this description is, for the most part, based 
on the form and constitution of the adult skull, without reference to the 
nature, covering, or origin of the constituent bones. Where suitable 
designations have been already used they hav.e been availed of; in the 
absence of such, topographical terms have been applied in most instances, 
in preference to anatomical terms which imply relation to soft parts. 

GT~NERAL DESORIPTION. 

The cranium of the bony fishes presents three very readily recog­
nisable regions; placed in line in front of one another, they are the 
cerebral, orbital, and ethmo-nasal or preorbital regions. 

The nasal capsules are very incomplete, and the bones related to 
them are the premaxillae below, the mesethmoid behind, and the nasals 
above. Usually the premaxillary labial is also related to the capsule, 

'See papers cited on pages 184 and 186. 
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and in some forms the anterior suborbital scute and the maxillary labial 
also share in providing bony protection for the organ. The prefrontal 
bone commonly shares in forming the hinder wall. 

The orbital region is roofed by the frontal bones and is further 
protected in front and above by the prefrontal. A postfrontal is not 
eommonly developed above behind, and the posterior wall is more or 
less eompleted by the anterior bones of the eerebral region. An orbito­
sphenoid, which may be fused with its fellow of the opposite side, may 
or may not be developed between the two optic eapsules. In the ab­
senee of the orbitosphenoid the interorbital septum may be wholly 
membranous, or partly membranous and partly eartilaginous. In­
feriorly the orbital region is strengthened by the synpterygoid, whieh 
extends forward under the premaxilla and baekward under t,he basi­
oecipital. 

The cerebral region comprises the cavum eerebri and the otoerane. 
Neither of these eapsules are complete, but, as it is the inner wall of the 
oetoerane and a preeisely eorresponding portion of the outer wall of the 
eavum eerebri which are wanting, the defieieney is to be seen only from 
within the manial cavity. This defieiency may be designated the lateral 
cranial fenestra. The bones whieh enter into its formation will be dealt 
with seriatim later, and we proeeed to thc deseription of the general 
features of this region. The shape of the eonjoined eerebral and otic 
cavities is exceedingly variable; it may be almost eubieal, nearly round! 
or flattened from side to side or dorso-ventrally. An oecipital crest 
is very generally developed along the central dorsal line, projecting 
beyond the cranium posteriorly. On either side of this crest, in the 
upper part of the posterior aspeet of the eranium, there is always de­
fined an occipital groove or fossa. The outer boundary of this fossa is 
usually a ridge or flange developed on the epiotie bone; dorsally this 
boundary inelines toward the midline, and its real or imaginary con­
tinuation thereto eonstitutes the dorsal limit of the fossa. Inferim::ly 
the fossa may not be defined, or its boundary may, as in Platycephalus, 
be determined by flanges from eertain of the bones on the baek of the 
cranium. 

Allis2,3 has designated this oeeipital fossa" supra-temporal groove" 
in Scomber and "subquandrangular groove" in Scorpaena. Neither 
of these designations appears happy; the latter is emphatieally not of 
general applieation, and by no streteh of the imagination could one 
justify the term supratemporal as applied to the oceipital fossa of sueh 
forms as Platycephalus. 

Lateral to the oceipital fossa is the temporal fossa. The medial 
boundary of this is the lateral boundary of the other fossa; toward 
its dorsal limit this boundary inelines forward to meet the dorsal end of 
the pterotie process, which always forms the anterior or lateral boundary 
of the temporal fossa. Like the occipital, this fossa may be quite open 
and undefined below, or may be defined by the development of outstand: 
ing flanges of the bones of the back of the cranium. 

The designation is here adopted from Allis (l.c.) after Sagemehl. 

2Allis-Jour. Morph., xviii, 1903, pp. 45-328. 
3Allis-Zoologica., 1910, Haft. 57, pp. 1-219. 
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The dilatator fossa is another constantly present muscle fossa on 
the side of the cerebral region of the skull. It will be found lletween 
the pterotic process and the posterior wall of the orbit. At times quite 
a little pit, it may in other forms, for example Cheilodactylus, assume a 
considerable size. Here again my designation is adopted from Allis 
after Sagemehl. Ridewood 4 termed this the lateral temporal fossa; 
if a purely topographical term is to be applied, postorbital would 
be preferable. 

Turning our attention next to the base of the cerebral portion of 
the skull, the saccular cavities frequently bulge out so prominently 
that they call for special designation. They have been termed the 
" bullre" by writers on ichthyo-craniology. The term is misleading 
and needs qualification; if they be designated saccular bullre ambiguity 
will be avoided. 

At the side of the skull the external aperture of the foramen tri­
gemino-facialis is more or less completely covered by a broader or narrower 
arch of bone. The little cave which is thus formed on the side wall of 
the skull has been designated the trigemino-facialis chamber by Allis, 
and, though it is extremely doubtful whether all that he Claims for the 
significance and homologies of the feature will stand the test of further 
examination, the constancy of the structure justifies the retention of 
his term. 

The dorsal and ventral lines of the skull need no definition, but 
attention must be drawn to the fact that the latter is very frequently 
not parallel with the basicranial axis, owing to the presence of the myo" 
dome below the floor of the cerebral cavity. The ventral plane of the 
skull, with rare exceptions (for example in Hippocampus) corresponds 
with the axis of the body, and the angle between this line and the basi" 
cranial axis would appear to vary without any correlative features, and 
its variations to be devoid of taxonomic or comparative-morphological 
significance. 

The two facets developed so commonly on the exoccipital bones 
for articulation with the first neural arch will be designated the neural 
facets. 

Within the cranial cavity where are several more or less constantly 
recurring features which are deserving of recognition with proper names. 

The cranial floor presents occipital, mesotic, preotic, and prepituitary 
segments. The occipital segment is constituted by the horizontal laminae 
of the exoccipital bones or by the dorsal surface of the basioccipital. 
The mesotic segment lies between the otic capsules; commonly it 
presents a more or less extensive basicranial fenestra in its posterior 
portion. This fenestra, when present, is due to the approximation of the 
cava sacculi to the mid line beneath the cranial cavity, and is made good 
by a horizontal extension of the membranes which close the lateral 
fenestrae, membrana obturator basicranialis. So much of the mesotic 
segment of the floor as is bony is constituted by portions of the hori­
zontal laminre of the prootic bones. The prootic segment of the floor 
lies in front of the otic capsules and behind the fenestra hypophysios 
or sella turcica; it is constituted by the anterior median portion of the 

'Ridewood-·Jour. Linn. Soc. (Zool ) );xix, 1905, p. 260. 



204 RECORDS OF THE AUS'l'RALIAN MUSEUM 

horizontal laminre of the prootic bones. The prepituitary segment, is 
constituted by the basisphenoid, when that bone is present. 

The azygo.s .sinus is a little conical pit very constantly present on 
the dorsal aspect of the basioccipital bone just in front of the condyle; 
it is widest above and slopes down and backward to terminate in front 
of the centre of the depth of the condylar cavity, being separated there­
from by a thin partition of bone only. This pit may be roofed by the 
horizontal laminre of the exoccipital bones, or the suture between thesl~ 
laminae may be interrupted so that the azygos sinus appears as a fossa 
on the floor of the occipital segment of the cranialfloor. This sinus was 
designated "cavum sinus imrarit<" by Sagemeh15 in his descriptions 
of the crania of the Characinrdm and Cyprinidre, and his designation 
is adopted by Allis in his work on the Mail-Cheeked Fishes. 6 In the 
forms which Sagemehl studied, the sinus is roofed more or less completely 
so that it may appositely be termed a cave, not so however in many 
other forms. Rarely the sinus is divided more or less completely by a 
central transverse partition; these facts lead me to discard" cavum" 
and to adopt" azygos" in preference to " imparis." 

The extent of the lateral cranial fenestra is variable in respect of 
itR height; it mayor may not reach the roof of the cranial cavity. 
Whether or no the fenestra reaches the roof, the cranial wall is by it 
divided into postotic and preotic areas. The designations opisthotic 
and prootic are deliberately avoided to prevent implicating the bones. 
In certain fishes, as for instance Cheilodactylus, the posterior attachment 
of the lateral obturator membrane of the cranial cavity is so far back that 
the postotic cranial wall is very narrow in its upper part and occupies 
the transverse plane of the head. It might appear that under such 
circumstances it were well to designate this wall "occipital" or "post­
erior," but there are many forms in which there is no posterior wall, 
the side wall sloping slowly to the upper margin of the foramen magnum. 
In such forms the postotic wall, in the sagittal plane, arches toward the 
midline in such manner that it were a purely arbitrary procedure to 
define wall from roof, for example, in Platycephalus and Epinephelus. 
In the great majority of cases the postotic cranial walls (and roof) are 
constituted entirely by the vertical laminae of the exoccipital bones, but 
exceptionally small areas of the epiotic and supraoccipital share in its 
formation. 

The preotic cranial wall is bulged out laterally to form the temporal 
and trigemino-facialis fossre. The latter are situated on either side 
of the prepituitary and prootic segmentR of the floor, with the temporal 
fossre above and in front of them. 

The lateral cranial fenestra exposes to view all the cavities in the 
outer wall of the otocrane. The posterior ampullary fossa is lodged to 
the outer side of the anterior margin of the postotic wall, that margin 
actually forming its medial lip, just above the level of the cranial floor. 
The anterior ampullary fossa is situated in front of the posterior at a 
slightly higher level. The posterior semicircular bony canal rises through 
the substance of the epiotic bone towards the roof at an angle of about 

5Sagernehl-Morph. Jahrb., x, 1885, pp. 1.119; ib., xvii, 1891, pp. 489·595. 
• Allis--Zoologica, Heft. 57, 1910. 
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forty-five degrees with the sagittal plane. The horizontal canal con­
nects the depths of the two ampullary fossal. The two ampullary fossal 
mayor may not be separated by a quite appreciable interval, and this 
interval would appear to be constantly covered by cartilage. In front 
of the anterior ampullary fossa there is an arcuate rece88 whose higher 
limit is above, and whose lower limit is below, and it may be actually 
underneath the fossa. The axis of this recess is approximately at an 
angle of forty-five degrees with the sagittal plane and therefore at right 
angles to the posterior semicircular canal. The lower portion of the 
recess may be divided from the upper by a low shelf. This recess 
would appear to have been developed in relation to the anterior semi­
circular canal and its ampulla, but so far as my dissections have gone 
I have always found that canal lying to the inner side of the recess and 
not within it. The cava 8acculorum lie below the ampulary fossal, 
ttnd may extend above or below the level of the cranial floor. 

The anterior cranial wall is in part bony and for the rest mem­
branous. I have in a previous contribution7 adopted Gaupp's term 
membrana 8pheno-obtumtoria8 to apply to this membranous portion 
of the anterior wall of the cranial cavity of many of the fishes, birds, 
and reptiles in the adult condition, and practically all crania in early 
stages of development. In the absence of a basisphenoid there is no 
distinction between the lower end of the sphenoidal obturator membrane 
and the prepituitary segment of the cranial floor. 

On the cranial roof there is not uncommonly an area of cartilaginous 
"ceiling." This ceiling is situated around the forward end of the supra­
occipital bone and the hinder ends of the frontals. Swinnerton9 des­
cribing the development of Ga8ter08teu8 wrote :--" The supra-occipital 
is an unusually large bone. Anteriorly it seems to partially separate 
the frontals; in reality it extends under them almost to the level of the 
outstanding post-orbital process, and now embrace8 the larger pa,rt of the 
epiphY8ial cartilage it8elf aI80." There can be little doubt that the 
cartilaginous ceiling so commonly present in the adult skull is the 
p,piphY8ial cartilage, persistent in these forms. Accordingly it is so 
designated in the descriptions which follow. 

The term "eye.mu8cle canal" will be discarded in favour of the 
later" myodome." True, the former term has acquired an established 
meaning and general acceptance, but it does not admit of adjectival 
use, whilst the adjective" myodomial " lends itself to clarity and brevity 
of description of the parts of the various bones which enter into the 
composition of the myodome. 

I have elsewhere10 proposed the designation 8phenoidal cavity for 
that anterior prolongation of the cranial cavity which, in certain fishes, 
<LCcommodates the olfactory nerves. 

It were, of course, beyond the scope of the present contribution 
to discuss the various modifications of the several bones which enter 
into the composition of the cranium, but certain of those bones present, 

7Kesteven--Jour. R. Soc. N.S. Wales, lix, 1925 (1926), pp. 108-123. 
8Gaupp--Denkschr. Med. Ges. Jena, vi, 2, 1908, pp. 539-788. 
9Sw innerton-Quart. Jour. Micro. Soc., xlv, 1902, p. 525. 
]OKesteven---loc. cit. 



20.6 RECORDS ,OF THE AUSTRALIAN MUSEUM 

more or less constantly, definite parts or processes the citation of which 
by pre-established designations will lead to brevity of description. 

If we except the orbitosphenoid bone and the sphenoidal cavity, 
and one or two other very minor features, it may be said of the acan­
thopterygian skull that it presents all the features which are to be found in 
teleostean fishes, as well as some that are peculiar to the group. That 
being so, it is fitting that an attempt to establish a general nomenclature 
for the parts of the several bones of the fish skull should be based very 
largely on bones of the acanthopterygian skull. 

The basioccipital bone presents condyle and body. The body may 
be excavated by a saccular recess on either side above, and a median 
myodomial recess below. The azygos sinus opens above in front of the 
condyle at the posterior end of the median ridge which is the roof of the 
myodomial recess. The outer walls of the saccular recesses may be 
known as the lateral lamince of the bone. The basal lamina is tha t 
sheet of bone which forms the floor of the three recesses and appears 
on the ventral aspect of the cranium. This lamina is commonly deficient 
below the fore part of the myodomial recess, the deficiency being made 
good in the complete cranium by the hinder end of the synpterygoid. 

The exoccipital. bone bears the neural facet of its side supported 
on a more or less well developed b~lttress. The superior vertical lamina 
rises beside the foramen magnum, and commonly a,rches over it to meet 
its fellow of the other side. This lamina may occupy the sagittal or 
transverse plane or any position between them. The inJerior vertical 
lamina sutures with the lateral lamina of the basioccipital, and forms 
the upper part of the outer wall of the saccular cavity of its side. The 
horizontal lamina may form, with its fellow, the occipital segment of the 
cranial floor, and, it may be, the hinder portion of roof the of the saccular 
cavity of it,s side. The otic mass of the bone lies in front of the buttress, 
between the diverging anterior ends of the superior and inferior vertical 
lamina). For the most part this mass lies above the floor level, but may 
extend below it. The otic mass takes a greater or smaller part in the 
formation of the posterior ampullary fossa. 

That part of the prootic which is presented on the ventro-lateral 
aspect of the cranium may be termed the body of the bone. From 
the inner side of this the horizontal lamina extends to the mid-line to 
meet its fellow of the opposite bone. The horizontal lamina forms the 
prootic segment of the cranial floor, the roof of the anterior part of the 
myodome, and the median sloping wall and floor of the saccular cavity 
in its fore part. Above the horizontal lamina the body of the bone is 
excavated on t,he inner side for the formation of the trigemino-facialis 
fossa, part of the arcuate recess, part of the anterior ampullary fossa, 
and the upper fore part of the cavum sacculi; the sloping medial floor 
of this cavum, on the horizontal lamina, dips below the level of the prootic 
cranial floor. The trigemino-facialis chamber is lodged on the outer 
side of the body near the anterior margin. Below and behind this 
chamber, the myodomial wing extends down and medially from the 
lower lateral margin of the body. This ala myodomialis is more 01' 

less covered below by the synpterygoid bone. 
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The basisphenoid presents a horizontal lamina forming the prepi­
tuitary segment of the cranial floor and the roof. of the entrance to the 
myodome, and a verl'ical process, which sutures with the hinder end of 
t,he vomerine process of the synpterygoid. . 

The occipital crest of the supra occipital bone needs no defining. 
The bone also develops horizontal and verticallq,minae of varying extent; 
the horizontal lamina will be designated the body. 

The epiotic process also needs no definition. The body of the bone 
shares with great constancy in the formation of the posterior ampullary 
fossa, and forms the greater part of the posterior semicircular bony canal, 
if, indeed, it does not form the whole of that canal. 

The opisthotic bone may be a mere squame plastered over the 
meeting point of more or fewer of the other otic bones, or, pushing deeper 
into the otocranial wall, it may share in the bounding of the posterior 
semicircular canal, or again, the bone may be absent altogether, or it 
may be intimately fused with one or other of the remaining otic bones. 

The pterotic is another well known process. The body of the bone 
very constantly shares in the formation of the two ampullary fossre 
but especially the anterior one, and lodges the greater part of the hori­
zontal semicircular canal. 

The outer side of the body of the sphenotic bears the upper half of 
he anterior hyomandibular facet; the anterior surface of the body has 
frontal and alisphenoidal margins; the dorsal surface lies, in part, 
beneath the hinder end of the frontal bone. The internal aspect of the 
body is excavated to form the upper portion of the arcuate recess. 

The body of the alisphenoid sutures with the frontal and sphenotic 
above and it gives of from its lower margin a pterygoid process which 
stands out and down to suture with the alisphenoid process of the syn­
pterygoid and with the pro otic just in front of the trigemino-facialis 
chamber. 
, The frontal bones develop a more or less extensive sphenoidal pro­

cess which sutures towards its hinder extremity with the alisphenoid 
bone, and in front with the postero-superior processes of the prefrontal. 

The synpterygoid develops paired ascending aIm and a median 
vertical vomerine process, and may develop paired alisphenoid processes. 

Postfrontal bones are not of constant occurrence; when present 
they are little more than small squames of bone placed lateral. to the 
frontals at the hinder edge of the roof of the orbit. 

The body of the prefrontal bone may be defined as that portion 
which appears behind and, at times, below the nasal capsule. This 
bears anterior and posterior maxillary facets for the articulation of the 
maxilla. Posteriorly superior and inferior processes are given off to 
suture with the anterior end of the sphenoidal process of the frontal 
and the anterior end of the vomerine process of the synpterygoid 
bone respectively. 

The mesethmoid presents no parts or processes that call for special 
designation. 

The premaxilla presents a body, with ventral alveolar margin, and 
palatine process. 

None of the bones of the palate and suspensorium except the maxilla 
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present processes whichcaU for special designation. The anterior 
prolongation of the maxilla has been termed in the past the maxillary 
process. This will be designated the labial proce88 in these contributions. 
This designation is necessitated by the nomenclature according to the 
new interpretation of the bones of the palate which is adopted here. 

Swinnerton 11 proposed the terms panartete, disartete, and acrariete 
for the three types of attachment of the maxilla to the prefrontal. I 
have not met these terms elsewhere in literature but they are worthy 
of utilisation. 

An extension of Swinnerton's nomenclature for the maxillary ar­
ticulation is proposed in No. V. of these studies (p. 217). 

In somewhat similar manner the hyomandibular may be slung to 
the cranium by one, two, or three short oval or circular joints, or it may 
be attached along the whole of its dorsal margin to one long articular 
furrow. It will be useful to be able to describe these modes of attach­
ment by single words. Monarticulate, binarticulate, and trinariiculate 
are ready to our hand for the fu'st three, and for the fourth condition 
plenartic1date is proposed. 

Thus the suspensorium of Epinephelu8 will be described as t,rin­
articulate, and the anterior attachment of the maxillary arch as disariete. 

PLATYClCPHALUS. 

(Figs. 1·4.) 

INDEX Of!' ABBR.EVIATIONS USED ON ,]'HE DRAWINOS. 

Al. alisphenoid. 
An. angular. 
AI'. articular. 
B. DC. basioccipital. 
B. sph. basisphenoid. 
D. dentary. 
Bp. ot. epiotic. 
E. DC. exoccipital. 
P. frontal 
Hym. hyomandibular. 
I.op. interopercular. 
1. scp. interorbital septnm. 
La. first suborbital. 
Mes. eth. mesethmoid. 
.1VIx. maxilla. 
Mx. lab. maxillary labial. 
Na. nasal. 
Op. operculum. 
Op. ot. opisthotic. 
O. tr. os transversum. 
P. and Pa. parietal 

Pal. palatine. 
P. e. c. preethmoid cornu. 
P. fr. prefrontal. 
P. mx. premaxilla. 
P. rnx. lab premaxillary labial. 
}- o. f. postfrontal. 
P. op. preoperculum. 
P. or. postorbital bones. 
Pr. ot. prootic. 
Pt. post.temporal 
Pte1·. pterotic. 
Q. J. quadrato.jugal. 
Qu. quadrate. 
S. cl. supraclavicular. 
S. o. suborbital bones . 
S. oc. supraoccipital. 
S. op. suboperculum. 
Sph. sphenotic. 
St. supratemporal. 
8y. and Sym. symplectic. 
Syn. and Syn. pg. synpterygoid. 

Platycephalu8 marmor-atu8 Stead, has provided the material on 
which the following description is based. This species is commonly 

llSwinnerton-Quart. Jour. Miero. Doc., xlv, 1902, pp. 503·593. 
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brought in as a table fish, so that I have had ample material to dis­
articulate. 

The cranium presents a fairly flat dorsal surface, broad behind, 
narrower between the eyes, broad again where the prefrontals are pll1ced 
and once more narrowed in the ethno-nasal region. 

The otocranes are situated on the same transverse plane as the 
cavum cranii, not, as in some forms, below it, so that there is rather 
more lateral expansion in the hinder part of the skull than is usual in 
the skull of members of the sub-order. This expansion is further in­
creased by the development of laminre of bone for the attachment of 
muscles from the opisthotic outward to the outstanding posterior pro­
cess of the pterotic bone. 

On the under-surface of the skull the well developed saccular buUre 
are prominent, recalling those of certain of the Siluroid fishes. In front 
of the bullre there is on each side an out-turned process of the syn­
pterygoid, which, though it does not reach the os transversum, calls to 
mind the" parasphenoid peg" described by Ridewood12 in Osteoglossnrn, 
Arapaima, Heterotis, and Pantodon. It might appear from my drawing 
(fig. 4) that this process articulates with the palatine bone, but. this is 
not so, the process is on a higher plane than the palate. As is usual 
among the members of the Acanthopterygii there is no "sphenoidal 
cavity."13 The myodome is shallow. 
THE CRANIUM. 

Snpraoccipital. The body of the supraoccipital bone (..'1. oc.) is 
more extensive than the area exposed, being overlapped by both the 
parietal and frontal bones. The vertical occipital crest is a fairly long 
lamina of bone which overhangs the foramen and the hinder limit of 
the basioccipital bone. There is a shallow muscle recess immediately 
beneath the arcuate hinder border of the body of the bone on either 
side of the crest. The floor of this recess is a thin horizontal lamina 
of bone attached on the one hand to the under side of the hinder border 
of the body, and on the other hand to the occipital crest about the middle 
of its depth. The lamina narrows as it proceeds back, and is in sutural 
connection with a similar but much smaller lamina attached to the 
inner side of the epiotic bone. For purposes of future reference these 
laminre are now termed the " muscle laminre" of the supraoccipital 
and epiotic. 

On the under side of the body of the bone a stout vertical process 
projects down and backward from just in front of the attachment of the 
muscle lamina; the lateral edge of this process articulates with the 
epiotic and the inferior edge with the two exoccipitals. From the centre 
of the hinder face of this process the " occipital-crest" extends back 
to the foramen magnum, articulating with the two exoccipitals, taking, 
however, no part in the bounding of the foramen, for the two exoccipitals 
meet below it. 

The suture between the vertical process and the two exoccipitals 
is situated just in front of the anterior limit of the medulla. 

The Parietal (Pa .. ) is a squame of bone which overlies the body and 

12Ridewood-Jour. Linn. Soc. (Zool.), xxix, 1905, pp. 252·282. 
13Kesteven----Jour. R. Soe. N.S. Walos, lix, 1925, pp. 108·123. 
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the root of the posterior process of the epiotic bone,part of the side of 
the body of the supraoccipital, and a narrow area of the inner side of 
the pterotic; it is overlapped in front by the frontal, and, beneath this 

f. 
quo 

l1lX. _---flH--ffl 

po. f. 

pter. 

p. mx.lab. 
p.mx. 

l.a. 

Fig. 1. Platycephalus mal"moratu8 Stead. 

p. fr. 

or. 
p.op. 

bone, is in sutural contact with the prootic at the postero-me,pian corner 
of that bone. The bone appears on the roof of the cavum cranii within, 
between the supraoccipital and the pterotic, in front of the epiotic and 
behind the frontal. The area so exposed on the inner side is small but 
quite definite. 

The Epiotic bone (Ep. at.) is wedged in between the parietal above, 
the supraoccipital to the inner side, the ex occipital and opisthotic below, 
and the pterotic laterally. The body of the bone is roughly pyramidal, 
hollow, and open in front. The cavity is divided by a sloping lamina 
of bone into an upper and lower compartment. The upper compart­
ment lodges the upper part of. the superior semicircular canal, the lower, 
is the upper half of the posterior ampulla,ry fossa; both are, in the 
dried skull, freely open to the cranial cavity. The very short posterior 
bony semicircular canal lies behind the sloping lamina. The epiotic 
process projects well back over the outer edge of the exoccipital, and 
bears on its infero-median edge near the body the muscle lamina al­
ready referred to. 

The pterotic bone (Pter.) as viewed from above is very similar to 
the parietal and epiotic toget,her. The body is a hollow mass of irregular 
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shape, which is sutured to the epiotic on the inner side, the opisthotic 
below and behind, the prootic below and in front, and on the dorsum 
of the skull with the sphenotic, frontal, and parietal bones. The cavity 
of the bone (anterior ampullalY fossa), contains part of the anterior 
semicircular canal. The posterior semicircular canal passes through the 
back of the body from the depth of the ampullary fossa to reach the 
depth of the posterior ampullary fossa. 

The elongated pterotic process bears a narrow muscle lamina, similar 
to those of the supraoccipital and epiotic bones, which, inclining in and 
downward, connects with a muscle lamina of the opisthotic. 

p. mx.lab. 

Fig. 2. Platycephalusmannoratu8 Stead. 

The Opisthotic bone (Op. ot.) is of irregular shape, as exposed on 
the ventral aspect of the skull; it articulates with the exoccipital, 
prootic, and pterotic bones, posteriorly it is in sutural connection with 
the exoccipital and epiotic. At the apex of the temporal fossa, formed 
between this bone and the epiotic and pterotic,the opisthotic articulates 
with the inner side of the pterotic, and from this point the suture between 
the muscle laminre afthe two bones is continued back along the floor of 
the fossa. The suture between t,he opisthotic and epiotic, visible in 
the posterior view of the skull, is continued forward along the inner 
wall of this fossa. . 

The Exoccipital (E. oc.) is another bOl1e' of quite irregular shape. 
The solid neutral facet is the most outstanding portion of this bone as 
seen in a lateral or ventral view of the skull;,. the lower edge of the facet 
articulates with the basioccipital bone. Above the facet and its buttress 
the superior vertical lamina rises to meet its fellow of the opposite ex­
occipital and form the lateral boundary of the foramen magnum; thiB 
lamina is continued forward to form the whole of the postotic wall of 
the cavum cranii as far forward as the posterior limit of the otocrane 
and the anterior end of the medulla. At its anterior end the lamina 
in question turns outward and comes to look forward, here articulating 
with the inferior margin of the vertical process of the supraoccipital. 
Turning again to the base of the skull, the inferior vertical lamina of the 
bone will be seen extending between the pterotic and prootic bones, 
before reaching the prootic; this lamina is in sutural connection medially 
with the lateral lamina of the basioccipital. In front of the lamina 
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described as constituting the side wall of the brain box the otic mass 
of the bone enters into the formation of the otocrane. This portion 
of the bone is roughly pyramidal in shape and is hollow anteriorly; 
below and to the inner side of this the inner surface of the inferior ver­
ticallamina just described on the base of the skull is found to contri­
bute to the floor and side wall of the ca1!um sacculi posteriorly. The 
more massive portion of the bone forms portion of the posterior 
ampullary fossa; it articulates with the prootic, opisthotic, pterotic, and 
epiotic bones. 

The temporal fossa has been described situated between processes 
of the epiotic, opisthotic, and pterotic bones. The occipital fossa is 
situated beneath the muscle laminre of the supraoccipital and epiotic; 
its median wall is the occipital crest, the much less extensive floor is 
formed by laminre from the exoecipital and opisthotic. The sloping 
anterior wall is contributed to by the posterior surface of the otic mass 
of the exoccipital, the epiotic, pterotic, and opisthotic bones; it is in 
fact the posterior wall of the otocrane. 

The Ba8ioccipital (B. oc.) sutures with the two exoccipitals and 
with the prootics. The condyle is of the usual vertebral centrum shape; 
the dorsal periphery of the condyle forms the floor Of thc foramen magnum. 

p. mx. 

Fig 3. Platyceplwl1l8 marnwratus Stead. 

o. tr. 

hym. 

p.op. 

The bone is slightly constricted in front of the condyle and then expands 
laterally as it extends fOf>vard. The ventral surface is for the most 
parti covered by the hinder end of the synpterygoid, the superior surfaee 
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is hollowed on either side of the mid-line bv the two saccular recesses. 
The myodomial recess is very constricted a~d stops short at about the 
centre of the length of the bone. There are no horizontal laminre in the 
exoccipitals, and the azygos sinus is a wide open, shaUow, spoon-shaped 
fossa. 

The Sphenotic (Sph.) is a triangular bone overlapped by the frontal 
and pterotic above, sutured to the alisphenoid in front, the prootic below, 
and meeting the pterotic again behind the last mentioned bone. The 
last three sutures are between the bones named and the edge of a des. 
cending process of the sphenotic. The outer aspect of the body bears 
the upper half of the anterior facet for the articulation of the hyoman­
dibular bone. The upper part of the arcuate recess and portion of the 
anterior ampullary fossa are lodged in the substance of the body. 

The prootic bones constitute the greater part of the saccular bullre, 
which, as already noted, are particularly large in this species. The 
trigemino-facialis chamber is borne on the body of the bone near the 
anterior end, and the lower half of the anterior hyomandibular facet 
appears as though the outer wall of the chamber had been developed 
as its buttress. In front, of the chamber the bone sutures with the ali­
sphenoid below and the sphenotic above. Below and behind the chamber 
the body of the bone swells out to form the saccular bulla. Looking 
at the bone from in front, the horizontal lamina and the myodomial ala 
may be seen to spring together from the body just below the hyomandi­
bular hemi-facet, their common line of attachment passing toward the 
midline and ventrally. From the line of attachment the two shelves 
extend medially, the former almost in the horizontal plane, the latter 
sloping down, The horizontal lamina sutures with its fellow, the myo­
domial ala beds into a recess on the upper surface of the synpterygoid. 
The postero-dorsal margin of the bone sutures with the inferior vertical 
lamina of the ex occipital, the epiotic, and pterotic bones. Viewed 
from within, the trigemino-facialis fossa is seen near the anterior margin 
of the body with the short margin of suture with the basisphenoid in 
front and to the inner side if it. The lower half of the arcuate recess 
lies above the nerve fossa, with the lower half of the anterior ampullary 
fossa just behind it. The portion of the horizontal lamina which forms 
the prootic cranial floor is triangular, the lateral side of the triangle 
being slightly arcuate, so that the fore part is broad and the hinder 
part tapers away to a point. From the arcuate border the horizontal 
lamina dips down to meet the body of the bone on the floor of the saccular 
cavity at the line of origin of the myodomial ala. 

The Alisphenoid (Al.) is a small triangular bone placed bet,ween 
the prootic below and behind, the frontal above in front,and the sphenotic 
above and behind. The pterygoid process sutures with the horizontal 
lamina of the basisphenoid, and alisphenoidal process of the synpterygoid. 

The Frontal bones (L.F.) are long and narrow; they suturate with 
the supraoccipital, parietal, pterotic, sphenotic, postfrontal, prefrontal, 
mesethmoid, nasal, and alisphenoid bones; all these sutures exccpt the 
last are visible on the dorsum of the skull. 

The P08{frontal (Po.f.) is a small squame of bone inserted between 
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the frontal and sphenotic at the postero-superior corner of thc orbit 
and giving attachment to the upper postorbital bone. 

The Basi8phenoid (B. sph.) is a quite small trimdiate bone, the 
horizontal lamina articulating with the prootic and alisphenoid bones 
and the vertical process with the vomerine process of the synpterygoid. 

There is a small foramen at the meeting point of the inferior vertical 
lamina of the exoccipital, prootic, and epiotic bones. Apparently the 
internal carotid artery enters through this and crosses the outer wall 
of the cavum sacculi to reach the hypophysis. 

The Synpterygoid (Syn. pg.) is a long thin bone bearing some re­
semblance to a double-ended spatula. It lies in the midline beneath 
the basioccipital, the prootics, and the mesethmoid. The palatine 
plate of the premaxilla lies below it in a groove along the centre of its 
forward part. The broadest portion of the bone lies below the fore end 
of the prootics. The bone narrows rapidly in front of this widest part 
and then quite suddenly expands lat,erally, where an auriculur alis­
phenoidal process is developed below the basisphenoid and the myodoI?e. 
It is the outstanding anterior corner of this process which calls to mmd 
the" parasphenoid peg" described by Ridewood in certain forms al­
ready referred to. A vertical "vomerine" lamina is present along 
the centre of its dorsal surface, forward of the basisphenoid. 

al. h. SP~·T -·pr. at. 
syn. pg. h.oc. 

S.OC. 

OC, 

Fig. 4. Platycephalu;~ 111a1'moratu.sStead, side view of the 
cere bral region of the cranium. 

The Prefrontal bone (P. fr.) presents a roughly quadrilateral area 
on the dorsal surface of the skull; there is also a small triangular area 
in front of this at a deeper level on the inner side of the nasal fossa at 
its hinder end. The outer edge of the fore end of the frontal bone lies 
above a narrow area of the prefrontal and covers a narrow posterior 
dorsal process of the latter. When the prefrontal bone is disarticulated 
it is found that the dorsum of the bone has a triangular outline, but 
with the out-turned apex truncated; at this apex there is a saddle­
shaped facet, for the articulation of the first sub ocular bone. The 
fore end of the median dorsal margin of the prefrontal sutures with the 
body of the mesethmoid. The ventral surface of the bone is very similar 
in outline to the dorsal, but smaller; the median edge is sutured to the 
synpterygoid. The ventral and dorsal surfaces are inclined at an angle 
to one another, the angle open posteriorly, so that a fairly considerable 
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recess is present between the upper and lower portions of the bone'; 
at the depth of this recess the bone is perforated for the passage of the 
terminal branch of the superficial ophthalmic division of the trigeminal 
nerve and the olfactory peduncle, the former having its internal opening 
further back than the latter and more toward the side. 

The .1lfesethmoid bone (Mes. eth.) is almost completely incased in 
other bones. The body of the bone lies in front of the frontal bones; 
portion of the dorsum is here exposed on the back of the skull, and a 
narrow posterior process extends back between the fore ends of the 
frontal bones, and this also is exposed on the back of the skulL From 
the front of the body two spurs stand forward and slightly upward; 
they embrace the tips of the ascending processes of the premaxillary 
labial bones and give attachment to the base of the nasals on their outer 
side. Below the spurs the bone is continued forward and down by two 
narrow squames which suture with the dorsal processes of the pre­
maxilla. 

The upper and lower moieties of the frontal bones thicken as they 
pass forward, so that there is quite an extensive interval between the 
point of union of the inner and outer surfaces on the median aspect of 
the bone; there is thus formed on this aspect of the bone a roughened 
area. When the prefrontals, synpterygoid, and mesethmoid are placed 
in correct position it is found tha,t the rough areas on the prefrontals 
are continuous with a similar area on the back of the mesethmoid, and 
in this region the four bones surround a cavity, which, in the fresh state, 
is filled by the cartilaginous ethmoid to be described later. 

The Nasals (Na.) are small triangular leaflets of bone attached to 
the outer side of the mesethmoid spurs, to the ascending processes of 
the premaxillary labials, and the labial process of the maxilla by fibrous 
tissue. 

The Premaxilla (P. mx.) presents a short solid body and a long narrow 
palatine lamina as seen from below. The palatine lamina is strongly 
concave upwards and, at its union with the body,there rises on each 
side a short dorsal process; as already stated this latter sutures with 
the mesethmoid. 

The mass of cartilage which is provisionally termed the cartilagin0'/18 
ethmoid is T-shaped in cross section. Posteriorly, where it forms the 
interorbital septum, it is thin, and appears to be planted inferiorly on 
the upper edge of the vertical lamina of the synpterygoid; forward of 
the orbit it becomes much thicker, and is clearly seated on the upper 
surface of the anterior lamina of the same bone, and is incised along the 
centre to receive the dorsal lamina. The horizontal portion of the 
cartilage, like the vertical, is much thinner posteriorly than in front. 
The mass is very nearly divided into a smaller anterior and much larger 
posterior portion beneath the mesethmoid, where that bone bulges 
down nearly to the dorsal surface of the palatine plate of the premaxilla. 
In front of this point the cartilage is dorso-ventrally compressed, and 
fits in between the palatine plate and the dorsal processes of the palatine 
bone; a small gap between the bones here exposes the cartilage below 
the fore end of the mesethmoid bone. 
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CIRCUMORBITAL BONES. 

(Figs. I & 2 s. or., p. or., la.). 

There are two suborbital bones and two postorbitals; of these the 
anterior suborbital is an elongate triangular bone with the short anterior 
side deeply sinuated, so that the most anterior point lies behind and 
parallel to the shaft of the maxillary labial, whilst the lower point overlies 
both labial bones. At the junetion of the anterior and middle thirds 
of the length of the dorsal edge the bone is thiekened and developed into 
an artieular eondyle for the formation of a true joint with the lower 
edge of the prefrontal bone. The posterior suborbital is roughly quadri­
lateral, with a very aeute angle between dorsal and anterior edges, and 
a eonsequential obtuse angle between anterior and ventral surfaces. 
The ventro-posterior angle is also acute, whilst the postero-dorsal angle 
is slightly obtuse and rounded off. The two postorbitals a,re small 
narrow bones, the dorsal attached to the postfront,al and the ventral 
to the posterior suborbital. These last two bones form the posterior 
boundary of the orbit and carry a branch of the latero-sensory canal 
system. 

PALATE AND UPPER JAW. 

The general shape of the palate and its constitution are shown in 
the drawings is sufficient detail to permit of very brief description. 

The Maxilla is a fairly substantial bone, which may be described 
as having palatal, dorsal, and facial surfaces. The palatal surface is 
roughly triangular in outline, and hollowed longitudinally. Teeth are 
born only along the outer edge separating facial from palatal surfaces. The 
facial surface is broader in front than behind, and may be said to be the 
outer surface of the lateral wall of the trough on the palatal surface. 
When the mouth is fully open and the labial bones pulled well down 
there is formed a trough between the inner face of the suborbital bones 
and the facial surface of the maxilla. Both walls of this trough are lined 
by the skin, this and a thin layer of subdermal tissue alone covering 
the bony walls of the trough. At the alveolar margin of the maxilla the 
palatal epidermis, buccal mucosa, is reflected on to the inner side of 
the skin of the facial surface of the bone, and the two together are con­
tinued downward, presently to be separated again to enclose first the 
maxillary then the premaxillary labial bone. This double membrane 
including the labial bones is, of course, the true lip. The facial surface 
of the maxilla passes insensibly into the dorsal surface, though in a 
freshly prepared bone the true subdermal surface is clearly defined by 
its smoother finish. A ridge just to the median side of the upper limit 
of the facial surface marks the centre of a long narrow area along which a 
band of very tough fibrous tissue is attached. This band gathers to its 
greatest thickness immediately beneath the prefrontal bone at a point 
marked by the development of a small tubercle; this last is an im­
perfect facet for articulation with the prefrontal. Fibrous and fibro­
cartilaginous tissue is also attached to the whole of the dorsal surface of 
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the bone to the inner side of the ridge just described. All of the fibres 
of this dense tissue are att.ached above to the under side of the prefrontal 
bone. The labial process (maxillary process) rises from the anterior 
end of t,he dorsal surface of the bone and stands forward a little distance; 
at its root, on the inner side thereof, there is a small spur developed, which 
looks toward, and is attached to the premaxiHa by very tough fibro­
cartilage. The upper surface of the spur articula,tes with the pre-ethmoid 
cornu of the cartilaginous ethmoid. 

The Palatine is a thin squame of bone of the shape indicated in 
the drawing. 

The Quadrato-juga114 is a sma,ll splint of bone sutured to the outer 
edge of the palate, where it is in contact with the maxilla, palatine, 
and quadrate; its extreme anterior tip lies inside the extreme posterior 
tip of the maxilla. 

The Os Transversum is of irregular shape, fitted in between the 
palatine and quadrato-jugal in front" quadrate and symplectic to the 
outer side and the hyoma,ndibular to the inner side and behind. 

The Quadrate presents a, stout sha,ft, lying along, and firmly attached 
to the inner side of the a,ntero-inferior arm of the preoperculum. This 
shaft bea,rs the articular facet on its anterior free end; the facet is as 
usual elongated in the horizontal and transverse plane, the inner end 
being, again as is usual, deeper from above down than the outer end. 
To the inner side of the shaft the quadrate presents an expanded palatal 
amina; this is broadest anteriorly, and sutures with the quadrato-jugaI 

palatine, and os transversum. 

The Symplectic is of the typical narrow elongated shape; proximally 
it is sutured to the hyomandibular and preoperculum by hyaline cartilage, 
and the greater part of the median border is attached in the same way 
to the os transversum. DistaHy one third of the bone is imbedded in 
hyaline cartilage in a depression on the inner bce of the quadrate im­
mediately to the inner side of the shaft. 

The binarticulate Hymnandl:bular is an irregularly shaped flat 
bone; it may be said to present a nearly straight median border, which 
makes the base of an irregularly indented semicircle. The middle third 
of the base line is occupied by a low boss, the posterior articular facet. 
Immediately in front of the base the curved outer border begins with the 
well developed anterior artieular facet; beyond this the edge is slightly 
excavated, and there follows a double facetted area; the symplectic 
articulates with the anterior of these two, and the preoperculum and 
inter-hyal articulate with the other, the inter-hyal on the inner side, 

. the hyomandibular on the outer. Behind this double facet the edge is 
again excavat,ed, and the posterior segment of the border is occupied by 
the beet for the articulation of the operculum. 

HIt is now realised that this identificat.ion of the bone is incorrect; its position 
medial to the musclos of mastication is alono a sufficient proof that the bono cannot 
he the q uadrato -jugal. On the other hand it is with oq nal certainty not the pterygoid. 
To attempt an enquiry into its correct identification horo w011ld be out of plac,', 
and in theso papers the term quadrato-jugal will be usod until opportunity offers 
to undertake that enquiry. 
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This description is taken from the hyomandibular of P. jU8CU8 
Cuvier and Valenciennes. 

LATERO-SE~SORY CANALS. 

It has not been possible to work out this system in detail; there 
is one canal down each, side of the dorsal surface of the skull, with tem­
poral and supraoccipital cross bars. The temporal chain is continued 
down along the postorbital bones to join the suborbital chain, whilst 
the supraoccipital chain is continued down along the posterior margin 
of the preoperculum to the lower jaw. 

MYODOMI~. 

In both Platycephalu8 marmoratu8 and P. fU8CU8 t,he myodome is 
very much dorsoventrally compressed, and it extends back only to the 
middle of the length of the basioccipital bone in P. marmoratu8, and 
to the posterior end of the prootic in P. f1l8CU8. The pterygoid process 
of the alisphenoid iR produced further forward in contact with the 
alisphenoid process of the synpterygoid, so that the anterior end of 
the myodome is carried further forward than is usual. 

Platycephalu8 f~<8CU8 Cuv. & Val. has also been examined, but the 
resemblance is such that this species may be very brief-Iy dealt with. 
The palatine bone articulates with the os transverRum. The description 
given abovc of the hyomandibular is founded on that of P. jU8CU8 ; 
that of P. marmoratu8 differs in having a thin squame of bone springing 
from the edge between the anterior articular facet and the double facet, 
and extending across to articulate with the os transversum, and in 
having the double facet standing out to a greater extent. In the cranium 
there is little that calls for comment, beyond the fact that the saccular 
cavities are adpressed to the sides of the skull so that saccular bull re 
are not present. 

NEOSEBASTES THETIDIS. 

(Fig. 5.) 

Of this species I have a single complete skull; in the drawing the 
attempt has been made to show the form of the component bones of the 
maxillo-palatine arch through the sub ocular scutes. 

This skull presents features of resemblance to both the preceding 
and succeeding formr:;; the general shape is that of Pterygotrigla, 
whilst in the conspicuous sensory canals and the form of the cheek 
armature the resemblance is t.o Flatycephalus. 

The supraoccipital appears on the surface of the dorsum of the 
skull between the parietals; for the rest" excepting the prefrontal, the 
arrangement of the bones of the cranium and o'bocrania is so essentially 
the same as that of Pterygotrigla as to call for no separate description. 
There is no postfrontal, and the position of the prefrontals resembles 
that in Pterygotrigla rather than of the other genus, although they do 
not meet in the mid line on the dorsum of the skull; they are closely 
juxtaposed below in front of the orbit. The relation of the narrow nasals 
to the mesethmoid and prefrontal bones differs from both the other 
orms; they are planted in small recesses on the dorsum of the prefrolltals 
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immediatelv in front of the fore end of the frontal bones, and project 
forward o';er the mesethmoid. The circumorbital bones are heavier 
but otherwise similar to those of Platycephalus. 

The body of the Prefrontal is antero-posteriorly flattened and stands 
nearly vertically in the transverse plane, inclining, however, slightly 
backward above. Dorsally the body ends as a pointed squame under­
lying the antero-lateral corner of the frontal, but also showing on the 
dorsum of the skull, where it forms the anterior boundarv of the orbit. 
No postero-dorsal process is developed. Though gener~lly presenting 
the flattened appearance doscribed, inferiorly the bone is triangular 

Fig. :5. Neosebastes theticli8 Waite. 

when viewed eit.her from below or from the median aspect. The out­
standing infero-Iateral angle bears a well developed faoet; to the inner 
side of this the inferior free margin of the flattened portion of the bone is 
continued inward under the solid triangular portion, and terminates 
in a second, muoh smaller facet. The outer articular facet is for the 
first subocular bone, the inner for the posterior, parethmoid articulation 
of the maxilla. In front of the subocular facet the body of the bone is 
hollowed out, and there then stands forward a buttress which terminates 
as the facet for the pre-ethmoid maxillary articulation. The common 
foramen for the transmission of the olfactory nerve and the terminal 
branch of the ramus opthalmicus superficialis lies to the inner side of 
the root of this buttress, perforating the solid portion of the body. The 
ventral surface of the body is in contact with the upper surfaoe of the 
synpterygoid. There is no infero-posterior process, and therefore no 
suture with the vomerine process of the synpterygoid. 

The H yomandibular bone is binarticular. The M axilla is disartete, 
whilst the form of the bone is similar to that of Flatycephalns, but the 
manner of its articulation is not the same. In this form both articulations 
are with the prefrontal, whilst in that the anterior is with the pre-ethmoid 
cornu of the ethnoid cartilage. 
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PTERYGOTRWLA. 

(Figs. 6-9.) 

. The fon~wing description is based on the skull of P. polyommata 
RICh., of whICh I have had for study four crania, two specimens in the 
flesh and a nearly complete skull dredged off Mont3Pue Island and 
forwarded to me by the Director, Australian Museum. '" 

CRANIUM. 

The general shape of the cranium is well shown in the drawings 
and hardly calls for description. 

The Supraoccipital bone appears only on the posterior aspect of the 

p.o 

op. 

8.0. 

Fig. 6. Pterygotrigl a polyo mmata Richardson. 

skull; the body, similar in shape to that of Platycephal1~8, is completely 
hidden dorsally by the parietals and frontals, which meet in the midline 
above it. The vertical process is broad and arranged nearly in the 
transverse plane. The upper lateral portion of the vertical process 
enters into the formation of the postero-superior wall of the cavity for 
the posterior scmicircular canal. The bone sutures with the parictal:;; 
and frontals above, and the with cpiotic and ex occipital of each side 
behind. 

The Epiotic is a hollow pyramidal bone divided by a horizonta1 
shelf into upper and lower compartments similar to those of Platycephalu8. 
The bone sutures with the supraoccipital, parietal, opisthotic, and ex­
occipital bones. 
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The Pterotic appears to be represented by a small nodule of bone, 
wedged on the surface of the skull between the base of the supratemporal 
behind, the opisthotic in front, and the parietal to the inner side \Pter.). 

The Opisthotic bone (Op. ot.) is placed higher in this form than in 
Platycephalus and occupies much the position of the opisthotic and 
pterotic together in that form, t,hat is, relative to the intracranial strnc­
tmes. The sutural relations of t,he opisthotic are with the exoccipital, 
epiotic, pterotic, parietal, frontal, sphenotic, and prootic. 

The Eroccipital bone (E. 015.) presents fairly expansive surfaces on 
both the posterior and lateral walls of the cranium, bounds the foramen 
magnum laterally, meets its fellow of the opposite side above, is excavated 
inside to form part of the posterior ampullary fossa and is in sutmal 
connection with the supraoccipital, epiotic, supratemporal, opisthotic, 
prootic, and basioccipital bones. 

The Basioccipital (B. 015.) is relatively a much smaller bone than in Platy­
cephalus, the" saccula" recesses are very sman but quite recognisable, 
and the body of the bone is excavated to form the hinder end of the 
myodome. The basioccipital sutures with synpterygoid, prootic, and 
ex occipital bones. 

The Sphenotic (Sph.) may have the postfrontalfused with it, for that 
bone is otherwise not present. The sphenotic sutures with the opisthotic, 
front.al, alisphenoid, and prootic bones. 

The Aliophenoid is quite a small squame of bone, which sutures 
with the sphenotic, frontal, and prootic bones. The suture with the 
frontal is immediately behind the alisphenoid lamina thereof, and the 
bone is here very much thickened to form a strong antero-superior wall 
to the cranial eavitv. The frontal bones are excluded from actual 
participation in the formation of the ceiling of the cavity by the epi­
physial cartilage, which underlies them between the alisphenoid, superior 
periotic bones, and the supraoccipitaL There is no pterygoid process. 

The Prootic (Pr. ot.) bone is, as usual, bilaminate inferiorIy, the 
upper horizontal lamina forming the floor of the cranial cavity, the 
lower myodomial process the outer part of the floor of t,he myodome. 
Above the junction of these two lamime the body of the bone provides 
an extensive area of the side and front wall of the cranial cavity. The 
bone sutures with the exoccipital, synpterygoid, basisphenoid, alis­
phenoid, sphenotic, and opisthotic bones. The outer wan of the tri­
gemino-facialis chamber is a mere spicule of bone. 

The Ba,sisphenoid bone is of the typical triradiate form; the hori­
zontal lamina sutures with the prootics, and the somewhat longer ver­
tical process with the vertical lamina, of the synpterygoid. 

The Parietal bones (Pa.) are thick, flat, cancellous bones, whose 
shape is well shown in the drawing. 

The shape and situation of the Frontal bones is sufficiently indicated 
in the drawings. (F.). There is a small alisphenoida.llamina developed 
on the under side in front of the alisphenoid bone and also to the medial 
side thereof, the latter portion forming the extreme antero-median and 
upper part of the front wall of the cranial cavity. 

The Synpteryg01:d (Syn: pt.) is essentially similar to that of Platy­
cephalus. There is however no auricuhr aliflphenoidal process; this is 



~22 RECORDS OF THE AUSTRALIAN :MUSEUM 

probably correlated with the much larger eye-muscle canal in the present 
form. 

The Prefrontal (P. fr.) bones are remarkably massive and meet 
in the midline and occupy the space which in Platycephalus is occupied 
by the cartilaginous ethmoid. I.ike the prefrontals of that form these 
are perforated for the passage of the olfactory peduncle and a terminal 
branch of the superior ophthalmic division of the fifth nerve. 

The jJiesethmoicl (Mes. eth.) is presented on the dorsum of the skull 
between the prefrontal and nasal bones; a posterior spur extends back 
between the two prefrontals but is hidden beneath them. The body 
of the bone is massive and extends down almost to the synpterygoid, 
leaving only a very shallow space between to be filled by cartilage. 

The shape of the Nasal squames is indicated in the drawing. 
The Premaxilla (P. mx.) is essentially similar to that of Platycephalus, 

a little broader in front and having rather more of the dorsum exposed 
in front of the mesethmoid, but with the same processes and containing 
the anterior smaller part of the cartilaginous ethmoid between the dorsal. 
processes and the palatine lamina. 

CIRCUMORBITAL BONJDS. 

There are four suborbital bones and two postorbitals; of these 
latter, one is actually suborbital in position, but there is little doubt that 
it is truly a postorbital. The anterior suborbital is firmly attached to 
the labial process of the maxilla and to the nasal bone. The attachment 
to the nasal is double, the anterior point to the anterior process of the 
bone and the posterior to the body of the bone; between the two points 
of attachment there is a gap between the bones, and in the flesh the two 
apertures of the nasal capsule are found in this gap. Two of the sub­
orbital bones are attached to the preoperculum, as also is the upper 
postorbital. Except for a small area surrounding the eye, the whole of 
the face is encased in the circumorbital bones. These as well as the 
dorsal covering bones are all subdermal and finely shagreened in radi­
ating patterns. rrhe area between the two anterior sub orbitals alone 
is unprovided with a suhdermal bone. 

PAI.,ATE AND UPPIDR JAW. 

These bones are arranged almost in the vertical plane, and there is 
little that calls for special mention either in their shape or their relations. 
The maxilla is articulated tothe pre-ethmoid cornu at the margin of the 
premaxilla, and attached to the front outer corner of the prefrontal and 
to the two anterior suborbital hones. The hyomandibular bone is 
binarticulate. 

CRANIAl, WALLS AND NERVE FORAMINA. 

The lateral walls of the cranial cavity, and medial walls of the 
ot-ocrania, are almost entirely membranous, so that there is practically 
no part of the preotic or postotic wall in the sagit.tal plane. The two 
lateral obturat.or membranes are almost in cont.act at the posterior end 
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of the roof; from this point each passes down and outward across the 
vertical lamina of the supraoccipital and the vertical lamina of the 
ex occipital just to the inner side of the posterior ampullary fossa. Below 
thiR each paRses forward to the outer side of thc foramcn for thelninth 
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pter. 
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Fjg. 8. ~Fig. f). 

Figs. 7, S, and H. Three views of the eraniuul of ]'terygotrigZet poyo 'In/lwt et 

Richardson. 

and tenth nerves and on to the basioccipital. It crosses this bone along 
the edge of the inner margin of the saccular recess, then passes forward, 
along the floor of the cavity, first on the basioccipital and then on the 
horizontal lamina of the prootic. The anterior end of the cavum sacculi 
iR indicated on the inner surface of the prootic by a small pit; im-
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mediately in front of this the two foramina for the exit of the trigemino­
facial roots are placed, at a slightly higher level. The membranous 
side wall swings to the outer side of thes(.) and then upward across the 
front wall, approximately along the line of suture between the alisphenoid 
and sphenotic, to reach the roof, which it crosscs back to the starting 
point. The trigemino-faeialis fossa is not defined, and the temporal 
fossa is very much reduced. 

The flo~r of the cranial eavity as defined by the attachments of the 
membranous side walls is composed of the basioccipital behind and the 
two prootics in front with no basicranial obturator membrane between. 

There follows next the pituitary fossa, with its floor of tough membrane, 
and then the bar formed by the horizontal lamina of the basisphenoid, 
marking the lower limit of the front walL Above the basisphenoid the 
front wall is composed of tough fibro-cartilage. The centre of this 
:fibro-cartilaginous wall is attached to the septum interorbitale and lifts 
toward the dorsum cranii with a curve, the sides rising more rapidly, so 
that there is here formed a trough-like v-shaped forward prolongation 
of the cranial cavity immediately under the roof and above the hinder 
end of the septum. At the anterior termination of this cavity the 
olfactory nerves pierce its walls and pass forward on either side of the 
septum just under the frontal bones. The bony front walls of the cavity 
rise with a forward slope in the one plane to the roof. A wide shallow 
fossa on the occipital segment of the floor may represent the azygos sinus. 

The optic nerves leave the eavity through the membrana spheno­
obturatoria just above the basisphenoid. 

Nerve iii penetrates the prootie bone just to the outer side of the 
basisphenoid, with the fourth nerve perforating the same bone immediately 
to its outer side. 

The sixth nerve penetrates the prootie on the floor of the cavity 
just behind the pituitary fossa, and passes along under the roof of the 
myodome on its way forward. 

The roots of the fifth and seventh nerves, intricately commingled, 
leave the cavity through two foramina in the prootic, lateral to and be­
low those for the third and fourth nerves. The trigemino-facialis gan­
glion is apparently lodged in a shallow fossa on the front of the prootic 
bone; the outer wall of this fossa is perforated for the passage of the 
inferior trunks of the complex. . 

MYODOME. 

This chamber is widely open in front, nearly as deep as it is wide, the 
_ 1100r extending forward so far as to be nearly as far in front of the an­
terior limit of the roof as the full depth of the cavity beneath the roof. 
The roof is composed of basisphenoid, prootic, and basioccipital bones; 
the floor, of prootic and synpterygoid. At its depth the chamber opens 
on to the base of the basioccipital bone. 

SYNANCEJA. 

This study of the skull of Synanceja horrida Linne is based on a 
single specimen which reached me in the flesh from the Trustees of the 
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Australian Museum. It was therefore not possible to check all the 
identifications of the nerve foramina; they are, in consequence, to some 
extcnt determined by their position. 

This skull is in many respects very dissimilar to any other sc1ero­
pareian skull that has heretofore been described. I have therefore sacri­
ficed the specimen to the description and have divided it down the mid 
sagittal plane and have disarticulated one half, so that, though based 
on a single skull, full reliance is placed in the accuracy of the description 
of the relation of the bones to one another. 

In the flesh this head is indeed a bizarre specimen. The large 
suborbital hollows give it an appearance of extreme emaciation, the 
eyes are so small that in the formalin specimen they need looking for, 
whilst the large frontal eminences and supratemporal ridges impart the 
fearsome character that was doubtless responsible for its specific name. 

Fig. 10. 8ynanceja hor'rida Linne. 

The cerebral region of the skull has a quadrilateral outline, with 
back and front sides sloping forward. From above the outline is roughly 
square, with an abruptly truncated wedge attached at the back. The 
dorsum of the skull is carried out in this region by relatively broad flanges 
developed from the sphenotic and pterotic bones; bctvi;een these there 
is a stepped-up, flat, central area. The hinder end of this flat area is 
flanked on either side by a large, dorsally projecting, flattened process 
developed from t,he parietal and epiotic bones. The epiotic component 
of this process is the epiotic process; its base of attachment is in the 
usual position, but its abnormal dorsal extension disguises that fact. 
Behind these processes the dorsum of the skull falls away both laterally 
and posteriorly. The forward boundary of the cerebral region coincides 
with base of origin of the remarkable frontal eminences and an upturning 
of the postorbital process of the sphenotic. The occipital and temporal 
fossaJ are but poorly separated from each other by a low ridge, which 
nasses down and back from the middle of the broad attachment of the 
pterotic process. The dilatator fossa is a mere groove on the under 
surface of the postorbital process of the sphenotic bone, above the an-
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terior hyomandibula,r facet. The temporal fossa doe" not extend upward 
between the epiotic and pterotic processes as is usual; low flanges from 
each of the two bones unite thf' processes and form the upper limit of the 
fossa. The hyomandibular is hinarticulate. The posterior fossa i" 
lodged on the side of the pterotic procesR as usual, and the larger anterior 
fossa is for the most part accommodated under thc posterior edge of the 
postorbit,al process of the sphenotic, the prootic forming only the lower 
edge. The outer wall of the trigemino-facialis chamber is quite exten­
Bive, and iB continued up to form a buttresB to the antero-ventral corner 
of the sphenotic bone. The saccular bullae, though not large, are quite 
obvious; they give rise to a low keel which starts below the trigemino­
facial chamber and passes diagonally backward across the base of the 
skull to the mid line. The saccular cavities are separated only by a 
membranous partition beneath the cerebral floor, and, as the myodome 
is short, extending hardly behind the pituitary region; the basicranial 
axis is nearly parallel with the vf'ntral line of the skull. 

The orbital region of the skull is strikingly ornamented by the 
eminences of the frontal bones. The form of these extraordinary bosses 
can better be realised from the drawings than from description. Im­
mediately under the bosses there is a broad, shallow, open furrow; in 
this the diminutive eyes are lodged. In front of the groove and boss each 
frontal iB tilted in towards the midline, the two together forming a 
broad deep gutter down the forward part of the orbital region. The 
usual prefrontal mass is replaced by quite a small peg, standing out 
from a prefrontal bone which is much less massive than in other sclero­
pareian skulls. 

The preorbital region is broader and flatter than uBual 

CR·\NTFM. 

The Basioccipital presents the usual two saccular recesses above 
separated by a low central ridge. Below the fore part of the saccular 
recesses and the central ridge there is a low cavity which extends across 
the full width of the bone. The floor of this cavity is the upper surface 
of the basal lamina. Apparently the homologue of the posterior portion 
of the myodome of other forms, it does not communicate with the mvo­
dome in this, but is completely shut ofi' from it, by the suturation of the 
prootic with the basal lamina. The basal lamina is fairly broad, and 
forms, by its outer edge, the posterior end of the keel of the saccular 
bulla; the vertical lamina is low. In front of the condyle the dorsum of 
the bone forms part of the cerebral fioor, but the major portion of this 
surface is oecupied by a hroad, shallow, spoon-Bhaped fossa, which iB 
apparently the azygos Binns. 

The Exoccipital is a very typical bone. The horizontal lamina 
curves round the side of the azygos sinus to meet its fellow of the other 
side in front of the dorsum of the ba,sioccipital, there forming the anterior 
part of the occipital segment of the cranial floor and the hinder part of 
the roof of the saccular eavities. The buttress is but poorly developed, 
and the neural facet is intimately fused to that of the first, neural spine, 
whilst the spine itself is as intimately fused to the hinder border of the 
superior vertical lamina. The vertical lamina is oriented in the longi-



CRANIAL OSTJ~OLOay OF THE FISHES~-KESTEVEN 227 

tudinal pIano of tho body and arches over the foramen magnum to suture 
with the much reduced crest of the supraoccipital bono. The spino­
accessory foramon is placed far back, its hinder margin being provided 
by the first noural spine. The otic mass of the bone accommodates the 
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Fig. 11. 
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1st n. 8, 

Fig. 12. 

Fig~, 11 fmd 12,--Cranium of SynanceJ'a ho·J'1'ida Linne. 

greater part of the posterior ampullary cavity and part of the posterior 
bony semicircular canal. The inferior vortical lamina is, relatively, a 
little more extensive than is usual. 

The body of the Proo/ie bone forms the anterior portion of the 
saccula.r bulla and an area of the side wall of the skull in front thereof. 
The trigemino-facial chamber is situated on the upper part of the body 
and its outer wall is continued upwards to form a buttress to the lower 
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corner of the postorbital process of the sphenotic bone. The horizontal 
lamina is inclined at an angle of forty·five degrees to the central plane 
of the skull; the portion which forms the prootic segment of the cranial 
Hoor is quadrilateral in outline, the antero·medial and postero.lateral 
angles are very obtuse, and the other two angles correspondingly acute. 
The portion of the lamina which forms the anterior part of the floor of 
the saccular cavity is clearly defined by a slight ridge, and dips ventrally 
from that ridge. The body lodges the lower end of the arcuate fossa, a 
ridge of cartilage which is seated near the posterior margin of the body 
forming the anterior boundary of the anterior ampullary fossa. 

Fig. 14. 

Figs. 13 and 14.--Cranium 
of Synanreja h01'rida 

J~inne 

pter. 

p.m". 

Fig. 13. 

No Basisphenoid bone was found, nor is there any trace of frac· 
tured surface in the accustomed place where a basisphenoid bone sutures. 
It is concluded that no basisphenoid bone is present in thc complete 
skull. 

The Supraoccipital bone is smaller than is usual. There is but a 
small horizontal lamina and a much reduced crest, the latter lying flush 
with the dorsal surface of the skull, separating t,he superior vertical 
laminro of the exoccipital bones .. 



CRANIAL OSTEOLOGY OF 'fHE FISHl<JS--KESTEVEN 229 

The PteTOtic lodges the anterior ampullary fossa and the short hori­
zontal bony semicircular canal. 

The body of the Pterotic is excavated to form a deep conical recess 
in the postero-dorsal corner of the otocrane, and the upper part of the 
posterior semicircular canal lies behind the back wall of this pit. The 
posterior hyomandibular facet is situated under the pterotic process. 

No separate Opisthotic bone iB present. 
The Sphenotic provides a small area of the lateral wall of the cranial 

wall in the extreme antero-dorsal corner. The major portion of the 
anterior facet for the hyomandibular is borne on this bone just. behind. 

The Alisphenoid bone is represented by little more than the pterygoid 
process of other forms. 

The Frontal bones have already been sufficiently described in the 
description of the orbital region of the skull. 

Postfrontal bones are absent. 
The" Mesethmoid bone is diamond-shaped as viewed from above, 

the long axis of the diamond being in the length of the skull. The longer 
posterior half is concave whilst the antcrior half is convex. The bone 
is overlapped by the fore ends of the frontal bones, and the posterior 
margin under those bones is nearly as broad as any part of the bone. 
The mesethmoid ridge is confined to the fore end of the bone. 

The PrefTOntal bone is almost devoid of the lateral preorbitallamina 
usually developed on t,his bone. An outstanding spur is developed for 
the articulation of the first suborbital bone. In front of this a marked 
sinus in the lateral margin is succeeded by a small facet with which the 
maxilla articulates. Immediately in front of this the pre-ethmoid cornu 
of the cartilaginous ethmoid is presented through a gap between this 
bone and the premaxilla. 

The dorsal surface of the Prem.axilla is flush with t.he ~mrfaees of 
the prefrontal and mesethmoid ridge behind it. The alveolar margin 
is quite smooth and devoid of teeth, and is followed by an extensive 
palatal process, which is tapered off gradually to a point below the 
anterior end of the synpterygoid. 

The Synpterygoid presents the usual features posteriorly. In the 
orbital region it is deep from above down, eompressed from side to 
side, and grooved above. The groove widens slightly anteriorly and 
deepens markedly; the side walls of the groove suture with the postero­
medial corner of the body of the prefrontal. There is no vomerine 
process. 

PALATE AND UPPER JAW. 

The hyomandibular is binarticulate, the maxilla aerartete. There 
is little that calls for comment on the form of the arch or its component 
bones, the details being clearly shown in the drawings. 

MYODOME. 

The myodome is relatively high and relatively shallow from before 
back. That portion of this cavity which normally lies above the basal 
lamina of t.he basioccipital bone is, in this form, completely shut off frOlIl 
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the anterior widely open portion by bony partitions, and is a very low 
cave, walls and floor being close together. 

WALLS OF THE CAVUM Cl{ANH AND OF THE OTOCl{ANB. 

The occipital segmcnt of the cranial floor is formed by the basi­
occipital behind and the exoccipital bones in front in almost equal pro­
portions. The azygos sinus is widely open and occupies the full width 
and the greater part of the depth of the dorsum of the basioccipital 
hone. The whole of the mesotic segment of the floer is made good by 
the basicranial obturator membrane. The prootic segment is short 
and constituted as usual by the horizontal lamina of the prootic. There 
is no prepituitary bony floor, the basisphenoid being apparently not 
developed. The lateral cranial fenestra is very large, reaching right to 
the roof. The postotic wall occupies the longitudinal plane of the skull 
as it arches over to meet its fellow on the other side. The preotic wall is 
nearly flat, there being but mere indications of the temporal and tri­
gemino-facialis fossal, 

There is a greater amonnt of persistent cartilage in the outer wall 
of the otocranc than is usual, so that on the inner side practically every 
suture is a synchondrosis and, further than that, the cartilage invades 
the bones between the inner and outer tables. The usual cavities in 
the outer wall of the otocrane are the anterior and posterior ampul1ary 
fossal, the arcuate fossa and the saccular recesses. In the present form 
the two ampullary recesses are partly confluent, and there is no trace of 
partition between the arcuate and anterior ampullary fossae in the 
bony preparation. In the flesh the missing partitions are made good 
by cartilage. The saccular recesses are almost devoid of bony roof, 
and are separated in the mid line beneath the basicranial obturator 
membrane by a membranous partition. The anterior boundary of the 
arcuate fossa is clearly indicated by a ridge, which commences above on 
the parietal and is continued down across the pterotic and prootic. 
'L'his ridge provides the anterior line of attachment of the lateral obturator 
membrane. The membrana spheno-obturatoria is fairly broad. 

The points of emergence of nerves iii, iv, and vi have not been 
determined; the other nerve foramina are situated in the usual situ­
ations. The internal carotid artery interrupts the prootic synpterygoid 
suture in the angle behind the alisphenoid process of the latter bone. 

CIRCUJUORBITAL BONBS. 

There are only two bones of this series developed, none of the post­
orbital chain are present, and there remain but the two suborbitals. 
The anterior suborbital is articulated to the lateral process of the pre­
frontal already described, and firmly attached to the outer side of the 
labial process of the maxilla. The bone stands out and down from its 
attachments at an angle of forty-five degrees with the sagittal plane; 
the bone is therefore foreshortened in the drawing. This bone ter­
minates in two spines, which stand forward and out over the labials 
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when the mouth is closed. The form of the second sub ocular ]s suffi­
ciently well shown in the drawing. 

REVIEW. 

From the four descriptions ctbove and from the work of Allis15 

it is possible to review ten scleropareian skulls. It is a surprising fact 
that five distinct types of skull may be recognised among these. 

Type i. Scorpacnid. This includes the skulls of Scorpacnct. Seuaslcs, 
Neoscuastcs, Cottus and Ophiodon (n. 

Type ii. PlatycephaZan; includeR Platycephalus only. 
Type iii. 8ynanceian; 8ynanceja only. 
Type iv. Triglid, Trigla, Pterygotrigla, and Peristedion. 
Type v. Dactylopteran, Dactyloplerus. 
The scorpaenid skull is characterised by its generally rounded form, 

compact cerebral region, spiny roofing, periorbital bones and obvious 
latero-sensory canal system. The myodome is large and extends back 
under the mesotic segment of the cranial floor. The cheek armature is 
incomplete. ,-

The platycephalan skull is characterised by its extreme dorso­
yentral flattening, relatively large cerebral region, non-spinous covering 
hones, obvious latero-sensory canals, Rmall myodome, extending only 
half way under thc mesotic segment or terminating at the hinder end of 
the prootic segment of the cranial floor. The cheek armature is still 
incomplete, but more complete than in the last type. 

The synanceian skull presents several characteristics which make 
its inclusion in the present company (Scleroparei) seem a mesalliance; 
much more do these characteristies appear in evidence against the 
inc:lusion of the genus in the Scorpaenidre. 

The most outst~tnding, and at the same time perhaps the most 
fundamentally important, feature of this skull is the peculiar form of the 
orbital region. This is regarded as of prime importance because it is 
intimately related to, and probably consequent on the small size of the 
eves. 
. It would appear that on its craniological characters 8yna7lceja should 

be made the type genus of the family SYNANCE[lDlE.16 The members 
of this family will present more or fewer of the following characters in 
addition to the peculiar form of the frontal bones and the associated 
8mall eyes. 

Skull more or less dorso-ventrally compressed, palato-quadrate 
arches wide apart ventrally and the gape at right angles to the long axis 
of the skull with the mouth shut. Suborbital bar complete but the 
postorbitals missing. Hyomandibular binarticulate, maxilla acrartete. 
Cerebral region of the cranium compact, parietal, epiotic, and pt erotic 
processes large and more or less coalescent, with the supratemporal 
standing out above them. Occipital, temporal, and dilatator fossre 
ill defined. Myodome small, not extending behind the prootic segment 

15Allis~-Zoologi(\a. H0ft. 57, 1910, pp. l-212. 
I·Since writing this I have found that 'rate Regan (Ann. }1ag. Nat. Hist., (8), 

xi. 1913, pp. 173-175) has already done as suggested. 
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of the cranial floor. Opisthotic, basisphenoid, and postfrontal bone!l 
1'\Tantjng. Synpterygoid without a vomerine process. 

The triglid skull presents t.he same contours as the scorpaenid; 
covering bones are characteristically shagreened, not spiny, and tht' 
latero-sensory canals are well concealed. The myodome is large and 
extends back into the basioccipital bone; it may open behind on to the 
inferior surface of that bone. The cheek armature is complete. 

IliX. 

a. 

Fig. 15. Palato-quadrate arch and lower jaw of Syna.nceja horrida. a the pre­
maxillary labial; b the maxillary labial; c the two labial" in position. 

The dactylopteran skull presents a general resemblance to the tri­
glid; the covering bones are not spiny and arc pitted instead of shag­
reened, and the latero-sensory canals are concealed. The cheek ar­
mature is not quite complete, but it is more firmly att,ached than in the 
triglid type. The upper scapular elements are very firmly attached to 
the posterior elements of the skull, and, being expa,nded in the same 
plane as the dorsal covering bones, with them constitute a remarkable 
cuirass which extends back well beyond the occiput. Along the base 
of the cranium the orbital and preorbital regions are markedly expanded. 
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No. V. A DISCUSSION O!lf THE MAXILLO-ETHMOID ARTICULATION IN THE 

SKULLS OF BONY FISHES. 

The variations in the mode of articulation of the maxilla in the 
four genera describedin No. IV. of these studies, and in the related forms 
described by Allis (loc. cit.) may be made the basis of a general discussion 
on the maxillo-ethmoid articulation in the teleostome skull. 

Be it noted at the outset that in all the forms which will be here 
passed in review (with the exception of Neosebastes) the pre-ethmoid 
cornu (Swinnerton17) is presented on the surface of the skull, between 
the premaxilla below and in front, and the mesetllmoid above and be­
hind. 

In Platycephalu8 a small spur is developed on the inner side of the 
proximal end of the labial process of the maxilla. This spur, surrounded 
by fibro-cartilage, articulates with the pre-ethmoid cornu. Well back 
on the dorsum of the bone a small tubercle marks the gathering point 
of the mass of fibres which attach the maxilla, tothe under side of the 
body of the prefrontal. No articular face is discoverable on either bone 
in this location. 

In Pterygotrigla there is no spur, but in the same position a small 
facet is present. This facet articulates with the pre-ethmoid cornu. 
There is no massive attachment to the under side of the prefrontal, but 
the postero-median and dorsal corner of the bone is attached, along 
with the first suborbital, to the inferior margin of the body of the pre­
frontal. 

In Neosebastes a facet at the root of the labial process faces upwaI'd 
and backward to articulate with the anterior facet on the prefrontal; 
behind this a smaller facet on the postero-median corner of the body 
articulates with the posterior maxillary facet on the inner corner of the 
flattened portion of the body of the prefrontal. It must be remarked 
that N eosebastes is peculiar among the Scleroparei here reviewed in 
that the ethmoid cartilage does not present on the exterior of the skull, 
and that the anterior maxillary facet on the prefrontal occupies almost 
precisely the situation of the pre-ethmoid articulation in the other forms. 
Further the prefrontal is a parethmoid ossification. 

In 8ynanceja the well developed tubercle on thc body of the maxilla 
to the inner side of the root of the labial process articulates with the 
anterior corner of the prefrontal just behind the tiny peeping pre-ethmoid 
cornu. The strong underlying ligament is attached to the periphery 
of the "port-hole" through which the cartilage peeps. The median 
edge of the bone is attached along its length to the body of the prefrontal 
by a band of fibrous tissue, but this attachment is not in any way homo­
logous with the stout attachment of Platycephahts, but is similar to 
that of Pterygotr1~gla. It is, in fact" the fore end of the fascia which floors 
the orbit and gives attachment to many of the fibres of the levator arcus 
palatini muscle. 

17Swinnerton-Quart. Jour. :Micro. Sci., xlv., 1902, p. 514. 
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In Scorpaena AUis describes and figures a maxilla (he t.erms it 
t.he palatine, in conformit.y with t.he old int.erpretat.ion of the piscine 
palate) which is in every way similar to that of iVeosebastes, but the an­
terior articulation is with the pre-ethmoid cornu, which he tcrms the 
" anterior palatine process of the ethmoid cartilage." 

In Cottus, according to Allis, the anterior and posterior ethmo-max­
illary articulations are bot.h wanting. There is, however, a small dorso­
medially directed process at the base of the labial process which is " strongly 
bound by tissue to the lateral edge of the ethmoid cartilage, but. does not 
have articular cont.act with that. cartilage." Though there may be no 
articular cavity, there can be no question that this is strictly the homo­
logue of the anterior ethmo-maxillary articulation of other forms. In 
Scorpaenichthys (Allis, p. 109) the process is large and articula,tes with 
the pre-ethmoid cornu; no mention is made of a posterior articulation. 

In Trigla Allis describes an anterior articulation of the prevailing 
type with the pre-ethmoid cornu, and a probable articulation with the 
antero-ventral corner of the body of the prefrontal. 

In Peristedion Allis describes again the prevailing type of anterior 
articulation, but it is quite clear from his description that the posterior 
articulation is absent.. 

In Dactylopteru8, according t.o Allis, t.here is on the internal surface 
of the base of the labial process of the maxilla " a V-shaped groove 
... (which) articulates with the ant.erior edge of the Jat.eral process 
of the vomer, and possibly also with adjacent portions of the corresponding 
edge of the pedicle (body) of the ectet.hmoid" (prefrontal). The dorsal 
edge of the body of the maxilla is attached along with the" dorsal edge of 
t.he ' ent.opterygoid ' (palatine) immediat.ely posterior to it " to the vent.ral 
fmrface of the prefrontal by strong tissue, which is apparently the an­
terior part of the subdermal palat.alfacia, as in Pterygotrigla and Sy­
nancejz. 

It. mav be remarked that in all those form;; in which the maxilla is 
provided ~ith a palatine lamina behind t.he normal sit.uat.ion of the 
posterior ethmo-maxillary articulation, the medial edge of the lamina 
is attached to the body of the prefrontal or synpterygoid near the mid 
ventral line by a strong sheet of fascia, which continues the palatal 
arch to the mid line. In the absence of the posterior maxillo-ethmoid 
articulation this fascia becomes strengthened in front and is continued 
right up to the vomero-maxillary and anterior ethmo-maxillary liga­
ments. When the posterior articulation is present and is approximated 
to the mid line, as in the majority of the Acanthopterygii, the fascia 
becomes weaker where it spreads out below the peri-articular ligaments. 
In those forms in which the anterior and posterior maxillo-ethmoid 
articulations are separated by an appreciable distance, or when the pos­
terior joint is situated on the dorsum of the body or palatine plate of the 
maxilla, the fascia is continued forward as though there were no joint, 
but in such cases there is no marked st.rengthening of the fascia in its 
forward end. 
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The fascia in question is of very general occurrence throughout the 
whole of the bony fishes, being absent only in forms such as the Mor­
myridffi 18 and Symbranchii, in which the bones of the palate are directly 
attached to the synpterygoid, more or less completely abolishing the 
subocular vacuity, and even in these forms there is usually present a 
small portion of the fascia at the hinder end of the palatc. 

It may be usefully designated the pal.d·ine fasda. 

We may recognise both primary and secondary attachments of 
the maxilla to the fore end of the cranium. The primary attachments 
are the et.hmo-maxillary articulations, or fibro-cartilaginous unions. 
The secondary attachments are the maxilla-vomerine ligament and the 
anterior end of the palatine fascia, and at. times a prefronto-maxillary 
ligament behind the posterior primary joint. 

Ridewood says of lI-formyrops that the maxilla is " small and fused 
on to the side of the vomer." Though I have not had the opportunity 
of examining Mormyrops, in view of all the facts before us, it may be 
said with confidence that it is with the anterior cornu of the ethmoid 
that the maxilla is fused. There is no posterior maxillo-ethmoid articu­
lation. The condition is a primary acrartete union, but for this solid 
fusion, which also occurs in some other forms, the term synartete is now 
proposed. 

Returning now to the variations observed in the ten scleropareian 
genera reviewed, Platycephalus, Neosebastes, Scorpcena, and Peristedion 
present the disartete, whilst the remaining six genera present the acrartete 
condition. A comparison of N eosebastes and Scorpcena will show that 
the articulations are absolutely homologous, although in the f<.)rmer the 
anterior articulation is with the anterior corner of the frontal bone, 
whilst in the latter it is with the anterior cornu of the ethmoid. In 
Platycephalus the elongation of the snout has separated the two articu­
lations, producing a condition exac.tly paralleled in Esox. Here a com­
parison with Neosebastes must convince one that the two articulations 
are still homologous. This is in accord with Swinnerton's conclusions. 

Whilst the t.wo articulations or unions of the disartete condition 
are always completcly homologous, there are nevertheless two distinct 
varieties in the adult skull. In the one variety the articulations are 
both with the same bone, in the ot.her they are not. Believing, with 
Swinnerton, that concise designations are desirable in this connection, 
I propose to designate the former variety monouisariete and the latter 
d 1:bisartete. 

The great maj ority of the Acanthopterygii are monobisartete. 

Swinnerton19 assigned a good deal of taxonomic value to the char­
acter of the ethmo-maxillary art.iculation, and made the statement that. 
"not.withstanding all the changes of form which the head undergoes 

IBRidewood-Jour. Linn. Soc. (Zoo!.), xxix, 1904, pp. 188-215. 
19Swinnerton--loc. cit., p. 556. 
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among the Acanthopterygii ... the double articulation is retained." 
8corpaena., Neosebastes, and Synanceja are at present placed together in 
the Scorpaenidal. The first is dibisartete, the second monobisartete, 
and the third is acrartete. Trigla, Pterygotrigla, and Peristedion are 
placed together in the Triglidal. The first is dibisartete and the other 
two are acrartete. 

As my studies in ichthyology have been confined to the anatomy 
of the head, I leave this question without further comment. 
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