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The question of the Eotriassic tetrapod genus 
Wetlugasaurus in Greenland and thoughts 
on the fossa coniformis entopterygoidea 
HANS C. BJERRING 

BjeITing, H. C. 1997. The question of the Eotriassic tetrapod genus Wetluga.1au
rus in Greenland and thoughts on the fossa coniformis entopterygoidea. - Medde
lelser om Gr~nland. Geoscience 34. 25 pp. Copenhagen 1997.03.10. 

Cranial specimens of Eotriassic tetrapods from central East Greenland which in 
the mid- I 930s were assigned to the genus Wet/11gasaun1s have been re-examined 
and found to represent a new, capitosaur-like genus, named Sele11ocara. A cone
shaped fossa in the entopterygoid bone is the focus of particular attention . This 
depression appears to have engaged with the affacial process and not, as has often 
been maintained, with the basipterygoid process. The consequences of this re
interpretation of the fossa coniformis entopterygoidea are far-reaching, and some 
of them are, to an extent, discussed herein . 

Key words: 
Early Triassic, tetrapod, Sele11ocara n.g., cranium, jaw suspension. hearing. 
retroevolutionary analysis. 

Ha11s C. Bjerri11g, Depar1111e11t of Palaeo::.oology, Sll'edish Museum <Jf Narum/ 
History. Box 50007. SE-104 05 Srock/10/m, Sll'ede11. 

Introduction 
In 1930, Ryabinin (Riabinin) described a new amphi
bious tetrapod from the Lower Triassic of eastern Eu
ropean Russia, which he named Wetl11gasaltrns an
gustifrons (transferred to the genus Parotosaurus as 
P. angustifrons by Welles & Cosgriff 1965). Since 
then five further contemporary species of Wetluga
saurus have been recorded from the same region, viz., 
W comllfus (Yefremov 1940), W kzi/sajensis (Ochev 
1966, 1972), W samarensis (Sennikov 1981 ), W vjat
kensis (Gubin 1987), and W malachovi (Novikov 
1990, 1994). 

In addition to these Russian species, W groenlandi
cus (Save-Soderbergh 1935) has been described from 
Greenland, W milloti (Lehman 1961) from Madagas
car and W magnus (Watson 1962) from South Africa. 
Each of these are also from early Triassic deposits. It 
is also worth noting that Sennikov (1981) found little 
to distinguish the Lower Triassic W kzi/sajensis from 
the similarly aged Sassenisaurus spit::.bergensis (cf. 
Wiman 1914 and Nilsson 1942). This suggested to 
him that they are congeneric. However, it should be 
observed that Welles & Cosgriff ( 1965) consider Sas
senisaurus spitsbergensis (Wiman) Nilsson, 1942, a 
nomen vanum. 
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The early Triassic genus Wetlugasaurus thus ap
pears to occur in various areas of both the northern 
and the southern hemisphere. However, such a wide
spread distribution is unparalleled among other Trias
sic anamniote tetrapods, and one may therefore rea
sonably suspect that at least some of the above-men 
tioned taxa are misidentified. 

Sennikov ( 1981) has already demurred at the al
leged occurrence of South African and Malagasy wet
lugasaurs. In the following account it will be shown 
that the presence of wetlugasaurs in East Greenland is 
similarly exceptionable. 

Systematic section 
Sele11ocara, novum genus. 
Holotypus: At.2 in Siive-Soderbergh 1935, p. 122. 

Hypodigma: Holotype and specimen At.17 in 
Siive-Soderbergh 1935, p. 122; Siive-Soderbergh re
fers to the latter specimen as the cotypus. 

Species typica: Wetlugasaurus groe11/c111dicus 
Save-Soderbergh, 1935. 

Contentum: Selenocara groenlandica (Save
Soderbergh) Bjerring by monotypy. 
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Diagnosis (for genus and species): Extinct amphi
bious anamniote tetrapod with greatly flattened skull. 
Two distinct occipital condyles. Sutural contacts 
between the osseous rear of the endocranium and the 
dermal skull roof. Conspicuous exoskeletal embay
ment (incisura auditiva or "otic notch") intervening 
the posterolateral margin of the skull table and the 
posteromesial margin of the cheek. Sutural union 
between each of the entopterygoid bones and the cor
pus of the crepidine bone ("parasphenoid bone"; for 
the term os crepidinum see p. 16). Large orbitopala
tine openings ("interpterygoid vacuities") separated 
in the midline by the crepidine cultriform process and 
bounded laterally by the entopterygoid and dermopal
atine bones. Medium-sized orbitofacial openings lie 
above the posterior halfs of each of the ipsilateral or
bitopalatine openings. Jaw articulations are about lev
el with the occipital condyles both transversally and 
horizontally. 

Derivatio nominis: The generic name honors the 
late Dr. Eigil Nielsen of Copenhagen - dexterous col
lector and describer of Triassic fish - who among 
contemporary Greenland explorers went by the sobri
quet of manen (the Danish word for the moon). Greek 
selene, moon+ kara, head. 

Stratum typicum: Stegocephalian or Myalina hori
zon of the A11odo11tophora fassaensis zone, Wordie 
Creek Formation; Lower Scythian (cf. Nielsen 1935, 
Spath 1935, Birkelund & Perch-Nielsen 1976). 

Locus typicus: The coast southeast of Kap Stosch, 
Hold-with-Hope, central East Greenland, on ridge 8-9 
of the northeastern slope of Stensio Plateau . 

Repositorium: Geological Museum of Copenhagen 
University, Denmark, where At.2 is catalogued as 
MGUH VP 3339 and At.17 as MGUH VP 3340. 

Redescription of the holotype 

General features 
This specimen is mostly an internal mold of an unde
formed skull, lacking the snout. Accordingly, the 
presence of rugose dermal ornament and grooves for 
the neuromast system, as in other Eotriassic tetra
pods, is unknown. Sutures and centers of ossification, 
however, are clearly visible. Only two bones of the 
cranial endoskeleton are preserved, lying in the rear, 
respectively, of the braincase and the right palatoqua
drate. 

The holotype has undergone further mechanical 
preparation since Siive-Soderbergh's (l 935) original 
description. Moreover, a skull fragment, collected by 
Eigil Nielsen in 1946 at the type locality, has turned 
out to be part of the holotype. Owing to this find, a 
smaller portion of the skull anterior to the dextral or-
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bitofacial opening is now also available for study (cf. 
Fig. I). 

Although the snout is unknown, the contour of the 
cheek and the construction of the palatal surface sug
gest that the shape of the skull, in dorsal view, was 
parabolic in outline with a rounded muzzle (Fig. 2). 

The aditus orbitarum faciales (orbitofacial open
ings, aof, Figs I, 6) mostly face dorsally. They are of 
moderate size and subcircular outline, with the long 
axes directed anteromesially. These openings lie clos
er to the mediosagittal plane than to the cheek mar
gins, and probably within the rear half of the skull. 

The foramen neuro-epiphysiale (Jne, Figs I, 6) is 
small and circular. It lies intrasuturally in the dorsal 
midline, close behind the orbitofacial openings and 
level with the centers of ossification of the two bones 
that form its margin. Whether this foramen served a 
parapineal or a pineal organ remains unresolved. 

The aditus orbitarum palatini (orbitopalatine open
ings, aop, Fig. I), known variously as the interptery
goid vacuities or fenestrae (cf. Case 1946, Nilsson 
1946), occupy the greater part of the hard palate be
hind the snout (Fig. 3). They are significantly wider 
anteriorly than posteriorly. The ipsilateral orbitofacial 
opening lies dorsal to each of them. Viewed ventrally, 
the former aditus can be seen in its entirety within the 
rear half of the latter aditus. 

The fenestra palatina adductoria (Jpa, Fig. I), also 
called the infratemporal fenestra (Bystrov & Yefre
mov 1940) or subtemporal vacuity (Welles & Cos
griff 1965), occupies most of the posterolateral part of 
the hard palate (Fig. 3). Lying mostly horizontally, 
this aperture is subtriangular in shape and extends for
ward to the transverse level of the rear of the orbitofa
cial aditus of the same side. Its inner margin is not in
dented anteriorly by an entopterygoid bulge, unlike 
those of many other Triassic tetrapods (cf. Welles & 
Cosgriff 1965). 

The ostium occipitale antri supra-auditualis is the 
posterior entrance to a skeletal cavity situated above 
the membranous labyrinth. This cavity is referred to 
by Siive-Soderbergh ( 1936) as the fossa Bridgei, by 
Chowdhury ( 1965) as the fossa supraotica, and by 
Sawin ( 1941) and others as the fossa posttemporalis 
(for these terms see Bjerring 1984). The occipital 
opening of the antrum supra-audituale is frequently 
regarded as a window and usually designated the fe
nestra posttemporalis (but fenestra subtabularis in 
Bystrov & Yefremov 1940). In the holotype de
scribed here, the ostium in question (os.asa, Fig. 4) is 
fairly large. Facing posteromesially, it has an elon
gate triangular shape, whose base is directed mesial
ly and apex dorsolaterally, The ostial margin is most
ly exoskeletal, with only a small ventromesial endo
skeletal part. 

The foramen magnum (f.111, Fig. 4) is directed pos
teriorly. In outline, it resembles an equilateral triangle 
the apex of which is above in the mediosagittal plane. 
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Fig. I. Se/e11urnra groe11lwulica. Photographs of At.2 
(MGUH VP 3339) in dorsal (A) and ventral (8) views. 
Scale bar: 10 111111. aof: aditus orbitae faciali s: aop: aditus 
orbitae palatinus; fne: fora111en neuro-epiphysiale : fpa: fe
nestra palatina adductoria: ia: incisura auditi va. 
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Its margin is bony except middorsally and midvent
rally. 

The incisura auditiva (otic notch of Save
Soderbergh 1935; ia, Figs I, 6), probably containing 
the ear-drum, interrupts the posterior margin of the 
skull on either side. This indentation is comparatively 
wide and moderately deep. Its margin, shaped like an 
inverted letter U, is mostly horizontal, and formed by 
two exoskeletal bones. 

Skull roof exoskeleton 
Although the bones are almost completely absent the 
pattern of the exoskeletal elements of the posterior and 
middle parts of the skull roof is clearly visible. This 
roof pattern consists of twelve paired elements united 
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Fig. 2. Sele11ocara g1ve11-
la11dica. Dorsal view of 
skull roof, based upon At.2 
(MGUH VP 3339). For ter
minology cf. Bjerring 
1995b. FrLa: frontolacri
mal bone ("prefrontal 
bone"); FrPI: frontopluteal 
bone ("parietal bone"); 
Fr.pi: posterolateral frontal 
bone ("postfrontal bone"); 
Fr.pr: principal frontal 
bone ("frontal bone"); 
FrZy: frontozygomatic 
bone ("postorbital bone"); 
InPI: iniacopluteal bone 
("postparietal bone"); La: 
lacrimal bone; Me: melon
ic bone ("squamosal 
bone"); Pa: parietal bone 
("supratemporal bone"); 
QmMe: quadratomaxil
lomelonic bone ("quadra
tojugal bone", a term 
coined by Nitzsch in 
1815); Tr: trachelic bone 
("tabular bone"); ZyMe: 
zygomaticomelonic bone 
("jugal bone"). 

by squamous sutures. The shape, positional relation 
and ossification center of each of these bones are pre
sented in figure 2, and need no further description. 

Palatal exoskeleton 
The preserved posterior and middle parts of the pal
atal surface of the skull include three paired elements, 
and one which is single (Fig. 3). This palatal complex 
is partly represented by molds (Fig. 18). 

The single bone (Cr, Figs 3, 4) is the so-called 
parasphenoid lying beneath the endocranium. This 
median element will henceforth be referred to as the 
crepidine bone ( cf. p. I 6). It consists of two portions, 
a body and an elongate cultriform process extending 
anteriorly. 
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Fig. 3. Sele11ocara groe11-
la11dica. Palatal view of 
skull, based upon At.2 
(MGUH VP 3339). Canals 
within the crepidine bone 
indicated by broken lines. 
Bex: basi-exoccipital bone: 
Cr: crepidine bone ( .. para
sphenoid bone"); Op: der
mopalatine bone; Ecp: ec
topterygoid bone; Enp: en
topterygoid bone: mrb: re
tractor bulbi myodome: Q: 
quadrate bone. 

The corpus ossis crepidini is significantly wider 
than long. It sutures laterally with the entopterygoid 
bone, and abuts with a compound bone (Be.r, Figs 
3,4) of the rear of the endocranium posteriorly and 
posterolaterally. The posterior opening of the canal 
for the internal carotid artery (c.aci, Fig. 4) lies imme
diately mesial to the posterior end of the sutural union 
just mentioned. This canal passes anteromesially for 
some distance within the crepidine body, and then 
continues to its endocranial opening dorsal to the base 
of the cultriform process. Within the crepidine bone 
the carotid canal gives off a lateral branch which 
opens close to the anterior end of the crepidine-ento
pterygoid suture. Presumably, this canal transmitted 
the palatine artery. A third, short canal runs down
wards from the dorsal surface of the crepidine body to 
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the anterior end of the canal interpreted as a passage
way for the palatine artery; it probably conveyed the 
palatine ramus of the facial nerve to the mouth roof. 
According to Save-Soderbergh (1936) Lyrocephalis
cus euri (Wiman 1914) Kuhn 1961 has a similar ca
nal. 

A pocket-like depression (mrb, Fig. 3) lie~ mesial 
to the common opening of the two last-mentioned 
crepidine canals, within the margin of the crepidine 
bone, and at the transition between its corpus and cul
triform process. This depression is probably a myodo
mus retractricis bulbi and might have its counterpart 
in what Nilsson ( 1946: fig. 6; Peltostega erici) has 
designated/a and Watson (I 962: fig. 11; Wet/11gasau
rt1s mag1111s) ?BI. Ves (see also Save-Soderbergh 1936: 
figs 5 and 21 ). 
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Fig. 4. A: Sele11ocara groe11/c111dica. Occipital view of skull, based upon At.2 (MGUH VP 3339). B: Wet/11ga.w11r11s a11gus
tifro11s. Sketch of occiput to show that, in contrast to Sele11ocara groe11/a11dica, the jaw joints are not level with the occipi
tal condyles. After Ryabinin 1930. Cf. Novikov 1990: fig. I. aoc: opening for occipital artery: Bex: basi-exoccipital bone; 
c.aci: canal for internal carotid artery; ea.sac: supraoccipital cartilage; co.oc: occipital condyle; Cr: crepidine bone ("para
sphenoid bone''): Enp.rq: ramus quadratus ossis entopterygoidis; f.m: foramen magnum; InPI: iniacopluteal bone ("postpa
rietal bone''); I.as: lamina ascendens ossis entopterygoidis; I.me: descending lamina of melonic bone; os.asa: ostium occip
itale antri supra-auditualis; Q: quadrate bone; QmMe: quadratomaxillomelonic bone ("quadratojugal bone"); Tr: trachelic 
bone ("'tabular bone''). 

The posterior part of the crepidine body is only pre
served laterally. In the living subject, it was presum
ably a fairly thin sheet of bone below the midventral 
portion of the occipital region of the endocranium. 
Since the middle and anterior parts of the crepidine 
body are considerably thicker than its posterior part 
appears to have been, it is not entirely unreasonable 
that "pockets" for muscular attachments similar to 
those mentioned by Watson ( 1962) were present ("tu
bera basisphenoidales" of Romer, 1930). 

The cultriform process is preserved as a mold of its 
dorsal surface from the crepidine body to a transverse 
level a little in front of the orbitofacial openings. This 
mold shows that the process was relatively broad and 
had a plane contact with the overlying part of the 
endocranium. Moreover, the cultriform process was 
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probably not just a thin sheet of bone; rather, as indi
cated by the thickness of the crepidine body at the re
tractor bulbi myodome, it might have been trapezoi
dal in cross section, at least posteriorly. 

A patch of denticles lying beneath the retractor bul
bi myodome deserves mention. Apparently, the den
ticulation of the crepidine bone was not restricted to 
this small area but probably covered a large part of 
the palatal surface, as in Benrhosuclws sushkini (By
strov & Yefremov 1940). 

The entopterygoid bone (Enp, Fig. 3) is the largest 
of the paired elements of the hard palate. It is triradi
ate in ventral view and divisible into a body, two 
rami, and an ascending lamina. 

The corpus entopterygoidis is an almost square 
plate enclosing the ossification center. It sutures with 
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the crepidine bone mesially and contributes to the 
margin of the fenestra palatina adductoria laterally. 
The ventral surface lies horizontally and was prob
ably mostly covered by minute teeth. 

The ramus palatalis (vet anterior) ossis entoptery
goidis, which is the longer of the two entopterygoid 
rami, projects anterolaterally from the corpus until 
level with the anterior margin of the ipsilateral orbito
facial opening. It contributes to the rim of the aditus 
orbitae palatinus mesially and that of the fenestra pal
atina adductoria laterally. Anteriorly it sutures with 
the ipsilateral dermopalatine and ectopterygoid 
bones, as well as with the palatal wing of a cheek 
bone of the same side. Like the corpus of the bone, 
this ramus is horizontal and partly covered ventrally 
by a shagreen of denticles. 

The ramus quadratus (l'el posterior) ossis entopte
rygoidis is lamelliform and directed posteriorly, later
ally and somewhat dorsally from the corpus of the 
bone, to which it is connected by a slightly con
stricted neck. It abuts on the mesial surface of the 
quadrate bone posteriorly and its lower border con
tributes to the rim of the fenestra palatina adductoria. 
The ventromesial surface of this ramus is smooth and 
toothless. 

The lamina ascendens ossis entopterygoidis (].as, 
Fig. 4A) is triangular and distinctly deflected toward 
the mediosagittal plane anteriorly. It has two surfaces 
and three borders. The lower border is attached to the 
morphologically internal surface of the quadrate ra
mus and corpus of the bone. This border extends from 
the quadrate bone to the entopterygoid ossification 
center and diverges forwardly from the upper border 
of the quadrate ramus of the entopterygoid bone. The 
latter border may thus be considered a longitudinal 
entopterygoid crest or shelf corresponding to what 
Shishkin ( 1980) calls the crista posterior entoptery
goidea. The upper border of the ascending entoptery
goid lamina inclines dorsally and terminates beneath 
the middle of the parietal bone. It is free except for a 
short articulation with a low descending lamina 
(].me, Fig. 4A) of the skull roof lateral to the incisura 
auditiva. The anterior border is nearly vertical and di
rected mesially. Its ventral part, neighboring the en
topterygoid ossification center and the sutural contact 
between the corpora of the crepidine and entoptery
goid bones, is conspicuously thicker than its dorsal 
part. At the transition from this thick part of the bor
der to the subjacent entopterygoid corpus, there is a 
cone-shaped depression which probably received a 
laterally projecting endocranial process, namely the 
processus affacialis (see below). This depression is 
customarily referred to as the conical recess but will 
henceforth be termed the fossa coniformis entoptery
goidea. Of the two surfaces of the ascending lamina 
of the entopterygoid bone only the mesial one is 
available for study. This surface is smooth and, as far 
as can be seen, lacks the oblique ridge reported in 
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some other Triassic tetra pods ( cf. Nilsson 1946, Inga
vat & Janvier 1981 ). 

The dermopalatine bone (Dp, Fig. 3) is mainly pre
served as a natural mold of the posterior half of its 
dorsal surface. It demarcates the anterolateral part of 
the orbitopalatine opening, and joins the ectoptery
goid bone posterolaterally and the anteriormost tip of 
the entopterygoid bone posteriorly. Mesially, along
side the orbitopalatine opening, the little that is left of 
the bone presents a longitudinal row of comparatively 
small teeth. The lateral border of the dermopalatine 
bone, which articulated in life with the maxilla, was 
apparently somewhat thickened and raised to a nar
row crest. A groove on the lateral side of the mold in
dicates that this crest expanded dorsomesially in a 
postero-anterior direction. Consequently, it appears 
that the dermopalatine bone abutted anteriorly with 
the overlying skull roof by means of a process corres
ponding to the spina sublacrimalis of Benthos11ch11.1· 
sushkini (Bystrov & Yefremov 1940). 

The ectopterygoid bone (Ecp, Fig. 3) is the smallest 
of the preserved paired elements of the hard palate. 
Only a natural mold of its dorsal surface is available 
for study. The bone lies between the maxillary, der
mopalatine and entopterygoid bones of the same side. 
Posteriorly, it is excluded from the boundary of the 
fenestra palatina adductoria by a winglike inward ex
tension of a cheek bone (processus alaris ossis jugu
laris of Bystrov & Yefremov 1940). 

Palatal endoskeleton 
The quadrate bone (Q, Figs 3. 4A) is short and mas
~ive. It lies ventrolateral to the incisura auditi va and 
contributes to the margin of the fenestra palatina ad
ductoria. Its condylar part is lost. The bone has three 
surfaces. Of these, the inner surface is convex and 
partly covered by the rear of the ipsilateral entoptery
goid bone and a descending lamina of the skull roof. 
The upper surface is plane and abuts with two adja
cent cheek bones. The outer surface, formed by com
pact bone, is concave and not covered by exoskeleton. 
The anterior border, situated level with the deepest 
part of the incisura auditiva, consists of spongy bone 
and in life apparently merged into a cartilaginous part 
of the palatoquadrate. 

Endocranial bone 
All that remains of the endocranium is a bony struc
ture which rings the foramen magnum almost com
pletely, and extends forward to contribute to the otic 
capsules. This posteriormost endocranial component 
consists of a median ventral, or basilar, part and later
al parts, flanking right and left sides. It is presumably 
a compound structure formed by the fusion of three 
embryonic ossifications; this is identified as the basi
exoccipital bone (Bex, Figs 3, 4A). 
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The midventral part of the basi-exoccipital bone is 
an endochondrally ossified, dorsoventrally flattened 
lamina, which contributes to the base of the endocra
nium. Quadrilateral in outline and somewhat longer 
than broad, it extends forward from the anterior ex
tremities of the occipital condyles to about the trans
verse level of the posterior openings of the crepidine 
canals for the internal carotid arteries. Its ventral sur
face rests directly on the corpus ossis crepidini; its 
dorsal surface as well as its anterior and posterior bor
ders appear to have been covered by cartilage in life. 
Thus, in the intact skull this basicranial component is 
not directly visible. 

The lateral parts of the basi-exoccipital bone de
marcate most of the foramen magnum (f.111, Fig. 4A) 
and connect the skull roof with the hard palate. Only 
the external surface of the right side is available for 
study. This consists mostly of compact bone. Ventral
ly, however, it is formed of spongy bone and abuts 
with the corpus ossis crepidini. The lateral portion of 
this surface is smooth and concave anteroposteriorly 
and dorsoventrally. It expands anteriorly and also 
curves outwardly. Its ventral boundary contributes to 
the suture between the basi-exoccipital and crepidine 
bones, and its dorsal boundary to the suture between 
the basi-exoccipital and trachelic bones. Posteriorly 
there are two openings, an upper larger one and a low
er smaller one, lying relatively close to each other. 
The former probably transmitted the vagus nerve and 
the latter the hypoglossal nerve. 

The posterior portion of the external surface of the 
lateral part of the basi-exoccipital bone is mainly 
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smooth and very nearly vertical. The occipital con
dyle (co.oc, Fig. 4A) lies ventrally, at the transition to 
the basilar part of the bone. This condyle is oval, and 
devoid of compact bone distally. Thus, in life, the ar
ticular surface of the condyle was probably cartilagi
nous, convex and directed posteromesially. Adjacent 
to the occipital condyle and in a postvagal position 
there is an inwardly directed projection, usually 
called the submedullary process (but processus basal
is of Welles & Cosgriff, 1965 and of Cosgriff, 1974). 
This projection approaches the mediosagittal plane 
and overlies the space that presumably was occupied 
by the basilar cartilage mentioned earlier. It partially 
deliminates the foramen magnum ventrally. Dorsal to 
the foramen magnum lies another inwardly directed 
projection known as the supramedullary or lamellose 
process. Larger than the submedullary one, this pro
jection is plate-like and probably formed a part of the 
surface layer of the cartilaginous supraoccipital seg
ment of the occiput (ea.sac, Fig. 4A). Its upper mar
gin presents a small notch which continues ventrally 
as a short, shallow groove (see Fig. 4A). This groove 
and notch may indicate the course of the occipital ar
tery (cf. Jarvik 1975). Immediately lateral to the pro
jection just described lies the suture between the basi
exoccipital and iniacopluteal bones. A small antero
dorsally directed lamelliform projection of the bone 
under consideration neighbors this suture. The projec
tion extends laterally to the suture between the basi
exoccipital and trachelic bones. It probably formed a 
superficial part of the otic capsule and contributed to 
the floor of the antrum supra-audituale. A correspond-

Fig. 5. Selenocara groenlan
dica. Photograph of a cast of 
At.17 (MGUH VP 3340) 
made in latex. Scale bar: 10 
mm. 
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ing perichondral lamina has previously been recorded 
in Apha11era111111a rostratwn (cf. Save-Soderbergh 
1936: p. I 02). 

Redescription of 
Save-Soderbergh' s co type 
This specimen (Fig. 5) is a natural mold of the exter
nal surface of middle and posterior parts of a skull 
roof belonging to a cranium of approximately the 
same size as that of the holotype. The sculpture on the 
external surfaces of the bones consists of a series of 

Fig. 6. Selenocara groe11la11-
dica . Reconstruction of skull 
in dorsal view. based upon 
At.17 (MGUH VP 3340). 
aof: orbitofacial opening: 
din: location of posterior part 
of ductus infraorbitalis 
neuromasticus: dtn : location 
of ductus temporalis neuro
masticus: fne: neuru-epiphy
sial foramen: FrPl: fronto
pluteal bone: Fr.pi : postero
lateral frontal bone: Fr.pr: 
principal frontal bone: FrZy: 
frontozygomatic bone: ia: 
auditive incisure ; lnPl : ii1ia
copluteal bone: Me: melonic 
bone (os melonicum. new 
term from the Greek melon + 
icus); Pa: parietal bone; 
QmMe: quadratomaxillome
lonic bone; Tr: trachelic 
bone: ZyMe: zygomaticome
lonic bone. 
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anastomosing closely arranged ridges with rounded 
crests. In places, however. there are a few tubercles, 
which flank small irregular pits and short grooves. 
Between and behind the orbitofacial openings the me
dian part of the skull roof is somewhat depressed as is 
the corresponding area in osteolepifonn fishes (cf. 
Jarvik 1948). 

Sections of the systema neuromasticum are indis
tinctly marked by linearly arranged pits separated 
through low ridges . These rows of pits show the loca
tion of the posterior part of the ductus infraorbitalis 
neuromasticus (din , Fig. 6) and most of the ductus 
temporalis neuromasticus (dfll, Fig. 6). 

The roof pattern. illustrated in figure 6. is quite 
comparable to that of the holotype. Except that the 
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trachelic bones are a little longer in Save
Soderbergh's cotype than in the holotype, there is 
only very slight differences in the shapes and relative 
sizes of the roofing bones. Thus, it is reasonable to 
conclude that these two specimens are conspecific. 

Conclusion 
The flatheaded Triassic tetrapod described above can
not be allocated to the genus Wetlugasaurus because 
the quadrate condyles are about level with the occipi
tal condyles, both transversally and horizontally (cf. 
Fig. 4); the orbitofacial openings are wholly visible 
through the orbitopalatine openings when viewed 
ventrally; and the long axis of each orbitofacial open
ing is directed towards the ipsilateral auditive inci
sure. 

Sele11ocara groe11/a11dica has a general capitosaur
id appearance. Distinctive of this tetrapod is that its 
jaw articulations are level with its occipital condyles 
dorsoventrally as well as anteroposteriorly and that 
the length of each of its corpora ossium entoptery
goidum is not more that one-fifth of the breadth 
across these corpora. The relationships of Sele11ocara 
groe11/a11dica to other capitosaurs are not addressed 
within this paper. 

Fossa conif ormis 
entopterygoidea (mihi): origin 
and evolutionary significance 
This skeletal depression (fs.c.e11pt, Fig. 7), which is 
situated in the mesial part of the dorsal surface of the 
corpus ossis entopterygoidis, was discovered in the 
mid- I 930s by the late Swedish paleozoologist Gun
nar Save-Soderbergh. In 1935, he reported its pres
ence in the tetrapod genus Stoschiosaurus from the 
Lower Triassic of East Greenland; then, in 1936, he 
stated that an identical depression occurs in three fur
ther tetrapod genera, viz., lyrocephaliscus, Platystega 
and Apha11era111111a, all from the early Triassic of 
Spitzbergen. 

Save-Soderbergh referred to the depression in 
question as the conical recess in the corpus of the en
topterygoid bone. However, he made no suggestion to 
account for its existence. Neither did Bystrov & 
Yefremov (1940) who, using the designation recessus 
conoideus, described and beautifully illustrated the 
fossa coniformis entopterygoidea in the Lower Trias
sic tetrapod Benthosuchus s11shki11i of eastern Euro
pean Russia (Fig. 7) The cone-shaped fossa in the en
topterygoid bone has more recently been recorded in 
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several other Triassic tetra pods ( cf. Lehman 1961, 
Chowdhury 1965, Ochev 1972, Getmanov 1989). It is 
worth noting that all of the fossil tetrapods known so 
far to possess a fossa coniformis entopterygoidea also 
possess a sutural connection between each of the en
topterygoid bones and the crepidine bone. (For an ex
planation of the latter term see below.) 

In 194 7, Romer suggested that the fossa coniformis 
entopterygoidea acted as the receptacle for the lateral
ly projecting basipterygoid process. Before long this 
idea gained recognition among vertebrate paleontolo
gists and is nowadays generally accepted (cf. Panchen 
& Smithson 1988, Getmanov 1989). However, the 
relative position of the fossa coniformis entoptery
goidea casts doubt on Romer's suggestion and, as will 
be shown later, there is an alternative explanation of 
this skeletal depression. 

Romer (1947) considered the precursor of the im
movable peg-and-socket articulation between the 
endoskeletal basipterygoid process and the exoskele
tal cone-shaped fossa just mentioned, to be mobile, as 
in the Lower Permian tetrapod Edops craigi (cf. 
Romer & Witter 1942). Here, the basipterygoid pro
cess fits into a bowl-shaped depression that is occu
pied centrally and dorsally by an ossified mid-region 
of the palatoquadrate cartilage, and peripherally by a 
thickening of the entopterygoid bone. Thus, accord
ing to this evolutionary scenario, the immobile articu
lation simply arose as a result of the retreat of the pal
atoquadrate component from the mobile articulation 
and some growth of the entopterygoid bone. 

The ossified mid-region of the palatoquadrate men
tioned in the preceding paragraph is usually described 
as the epipterygoid. This term was coined by Parker 
(1880) to denote a columnlike endoskeletal structure 
in the head of the lizard lacerta agilis (Ept, Fig. 8). It 
has also been described as the columelle (Cuvier 

er.Obi 

fv.m 
I 

I 
1 fs.c.enpt 

I I 
I 

·. I 

Fig. 7. Bemho.wchus sushkini. Corpus, ramus quadratus et 
lamina ascendens ossis entopterygoidis of the left side in 
mesial view. From Bystrov & Yefremov 1940. ar.cpd: area 
sutured with crepidine bone; cr.obl : crista obliqua; 
fs.c.enpt: fossa coniformis entopterygoidea; fv.m: fovea 
probably for insertion of a muscle that passed backwards to 
stapes. 
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Fig. 8. Cte11om11ra peC1i11ata. Sinistral view of cranium to show the columnar autostosis that by definition is an os epipter
ygoides. Based on data obtained from Oelrich 1956. Ecp: ectopterygoid bone; Enp: entopterygoid bone: Ept: epipterygoid 
bone; f.tri : foramen for trigeminal nerve; Me: melonic bone; PI: pluteal bone; Q: quadrate bone. 

I 825, 1837), the columella (Hallmann I 837) and the 
antipterygoid (Gaupp 1891 ). Since the so-called epi
pterygoid of temnospondyls (cf. Sushkin I 927, Save
Soderbergh 1936, Wilson 1941, Sawin 1941, Romer 
& Witter 1942, Watson 1962) is usually a much more 
composite structure than that of lizards, it will be re
ferred to as the mesopalatoquadrate bone (Mpq. Fig . 
9). 

Smithson ( 1982) suggests a variation of the previ-

ously described Romerian evolutionary scenario. This 
starts with the osteolepiform condition, where a con
vex facet on the posterior surface of the processus 
palatobasalis palatoquadrati is received by a concave 
facet on the anterior surface of the processus basipte
rygoideus. A deep depression , described as the coni
cal recess, is thought to have arisen immediately be
hind the processus palatobasalis palatoquadrati and. 
concomitantly. the processus basipterygoideus grew 

lnPI 
\ 
\ 

Q 

Fig. 9. lyrocephaliscus e11ri. Reconstruction of posterior part of skull in anterior view. Based on data obtained from Slive
Soderbergh 1936, 1945. 
ca.Pq: cartilaginous part of palatoquadrate : Cr: crepidine bone: Enp: entopterygoid bone; InPI : iniacopluteal bone; Me: 
melonic bone; Mpq: mesopalatoquadrate bone; Pa: parietal bone: pr.b: processus basalis; Q: quadrate bone: QmMe: quad
ratomaxillomelonic bone . 
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Fig. I 0. £11sthe11optero11 foordi . Left-side view of endocranium with crepidine bone. From Bjerring 1995a. The arrow indi
cates the location of the section appearing as figure 11 . ar.sp.a: endocranial area participating in anterior sanidiopalatoquad
rate articulation; eh: notochord; d.bj.m: depression in posterior part of crepidine bone that gave attachment to the basi
junctorial muscle; f.tri: foramen for trigeminal nerve; pr.af: affacial process; pr.bt: basipterygoid process. 

outwards into this depression. In the anthracosaur lin
eage this new basal articulation remained mobile 
whereas in the temnospondyl lineage it became an 
immobile peg-and-socket junction that served to an
chor the endocranium into the skull. 

Thus, students of temnospondyls subscribe to the 
notion that many of these fossil tetrapods have a ba
sipterygoid process fitting into a cone-shaped depres
sion in the entopterygoid bone. However, current 
opinions sometimes turn out to be untenable. As will 
be shown below that of Romer ( 194 7) on the fossa co
niformis entopterygoidea is one of those which does 
not hold. 

Osteolepiform fishes have anatomical qualifica
tions which place them in the key position as progen
itors of tetrapods. The Upper Devonian species Eu
sthenopreron foordi from Miguasha is the only ex
ample in which the articulations between the palato
quadrates and other parts of the cephalic skeleton are 
fully known (cf. Jarvik 1980, Bjerring 1995a). Here, 
each palatoquadrate articulates at nine points with the 
endocranial skeleton. Details of three of these articu
lations are relevant to the following discussion , vi::,., 
the basitrabecular and the two sanidiopalatoquadrate 
articulations (Figs I 0, 11 ). The basitrabecular articu
lation is situated in the hypophysial neighborhood 
and was probably a synchondrosis between the pala
tobasal process of the pterygoquadrate component of 
the palatoquadrate and the basipterygoid (basitrabec
ular) process of the endocranium. This articulation 
lies behind the canal for the internal carotid artery 
which connects with the hypophysial fossa and above 
the palatine ramus of the facial nerve. The anterior 
sanidiopalatoquadrate articulation was probably a 
synchondrosis too because its contiguous bony sur
faces are devoid of periosteal lining. One of these sur-
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faces lies on a small , low eminence that protrudes me
sially from the pterygoquadrate component of the pal
atoquadrate. This eminence is located at the antero
ventral corner of the juxtaspiracular process of the 
palatoquadrate. It is situated below an incisure in the 
upper margin of the palatoquadrate, which apparently 
served for passage of the maxillary branch of the tri
geminal nerve. The other bony surface of the anterior 
sanidiopalatoquadrate articulation is placed near the 
anterior end of the jugular sanidium (for this term see 
Bjerring 1993a) and thus not far behind the hypophy
sial fossa . The articulation lies dorsal to the internal 
carotid artery and the palatine ramus of the facial 
nerve, and anterior to the anteroventral part of a del
toid field of spiracular dental plates (cat, Fig. 14). Fi
nally, the posterior sanidiopalatoquadrate articulation 
was probably a syndesmosis (art.sp.p, Fig. 11 ). It lies 
immediately behind the anterior sanidiopalatoqua
drate articulation, and is formed between a short, 
broad, and shallow groove ventrally on the mesial 
surface of the juxtaspiracular process of the palato
quadrate and the jugular sanidium. Like the two syn
chondroses previously mentioned, this syndesmosis is 
situated dorsal to the internal carotid artery and the 
palatine ramus of the facial nerve. 

Another structure of relevance to this issue is the 
affacial process. This (p,:af, Fig. I 0) is a ventrolater
ally directed protrusion of the jugular sanidium situat
ed below and immediately behind the outer opening 
of the endocranial canal for the palatine ramus of the 
facial nerve. The affacial process (or parotic process, 
Save-Soderbergh 1936) is well-developed in the oste
olepiform Rhi::,odopsis sauroides. It is somewhat less 
developed, however, in Eusthenopteron foordi. In os
teolepiforms, this process probably served for attach
ment of the musculus abductor hyomandibularis 
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Enp--

Fig. 11 . E11sthe11optero11 foordi. Transverse section through the temporal region showing the sy ndesmotic posterior ,anidio
palatoquadrate articulation and some reconstructed nonskeletal part~. Ba~ed on a serie.'. of ground sections of specimen 
P222 in the Swedish Museum of Natural History and a wax-plate model made from these sections. Cf. Bjerring 1993b: 
figs 4 & 5. a.ca.i: internal carotid artery: art.sp p: posterior ~anidiopalatoquadrate articulation: art.tp.p: posterior tectopala
toquadrate articulation : as.pm: postmandibular autosto~c~ ("pre~piracular cartilage bones""): cav.e .e: cavitas encephalica 
endocranii: eh: notochord; c.n .oph.l : canal for ophthalmic nerve of neuroma~t system: C.pt : crepidinulum paraba~ale tcm
porale ("paraotic dental plate'"); Enp: entopterygoid bone: Ecp: ectopterygoid bone: m.bj: basijunctorial muscle ("subcrani
al muscle'"): Me: melonic bone ("'squamosal bone""): Mx: maxillary bone: Pa.a: anterior parietal bone ("intertemporal or 
supratemporal bone""); p.js: juxtaspiracular process of palatoquadrate (cf. Bjerring 1995a): PI: pluteal bone (cf. Bjerring 
1995b); ps.ap: autopalatine part of palatoquadrate; ps.pt: pterygoquadrate part of palatoquadrate: rd.m.ad: ridge for attach
ment of mandibular adductor mu~culature ; res.ph: reces.<,us pharyngeus: r.b.rab: basicranial branch of rarabdual nerve ( cf. 
Bjerring 1993b); r.o.rab: orbital branch of rarabdual nerve (enters orbita via gap between infracerebral and supracerebral 
divisions of intracranial juncture apparatus): r.pal: palatine ramus of facial nerve: sa: jugular sanidium ("otical ,hell""): 
t.con : connective tissue: vi: vincular part of palatoquadrate: z.aa: anterior prootic anazygal element (cf. Bjerring 197 1 ): Zy: 
zygomatic bone ("jugal bone""): ZyMe: zygomaticomelonic bone ("postorbital bone"). 

(m.ab.hy, Fig. 12), a plausible forerunner of the mus
culus stapedius. A well-developed affacial process 
also occurs in coelacanthiforms (Bjerring 1972, 
1973), where its apex carries a small, curved, dental 
plate that is visible in the spiracular pouch (sp.d.pl, 
Fig. 13). This coelacanthiform dental plate probably 
corresponds to one of the comparatively large spirac
ular dental plates lying next to the affacial process in 
Eusthe11optero11 foordi. The affacial process lies be
low and behind the palatine ramus of the facial nerve, 
above the internal carotid artery and a little in front of 
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where the ventral head of the hyomandibular bone ar
ticulates with the endocranial sidewall. 

In order to provide an adequate explanation of the 
fossa coniformis entopterygoidea, it is also necessary 
to consider briefly the bone that is usually described 
as the parasphenoid. This term was used first by Hux
ley ( 1864) to denote the largest of the palatal bones in 
the northern pike, Esox lucius (Fig. 15). Thus, by de
finition, the parasphenoid bone is a median, edentate, 
exoskeletal element which extends along almost the 
entire lower part of the endocranium and in its poste-
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rior half exhibits two ascending processes on either 
side. The anterior process, which lies parhypophysial
Iy, sutures with and slightly overlaps the ipsilateral 
posterior process, dorsal to the internal carotid fora
men. This parasphenoid has been illustrated by Holm
gren & Stensio ( 1936: fig. 370) and by Starck ( 1979: 
fig. 145). However, it is not shown in the pioneer 
work on the cranial anatomy of Eso.r lucius by Arendt 
(1822). 

Gaupp ( 1905; see also 1896) suggested that the 
term os parabasale should be used in place of 
Huxley's term os parasphenoides, chiefly because of 
the extensive anteroposterior development in Eso.r lu
cius. This proposal has never been popular among 
zoologists. Jarvik (1944 ), however, argued that 
Gaupp's term may be used for the so-called para-

I 
pr.af 

\ 
sp.d.pl 

Fig. 13. Nesides schmidti. Posterior moiety of endocranium 
and right spiracular dental plate in anterior view. Cf. Bjer
ring 1972. eh: canal for notochord: f.m: foramen magnum; 
pr.af: affacial process: sp.d.pl: spiracular dental plate. 
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Fig. 12. E11sthe11optero11 
foordi. Left lateral view of 
posterior endocranial moiety. 
hyomandibula, and some 
muscles. eh: notochord; Hy: 
hyomandibula; m.ab.hy: ab
ductor hyomandibular 
muscle; m.ba: anterior ba
siotic muscle; m.bj: basi
junctorial muscle; m.bp: pos
terior basiotic muscle; r.pal: 
canal for palatine branch of 
facial nerve. 

sphenoid which in certain fishes and amphibians ex
tends backwards to the otic region of the endocra
nium. It should also be mentioned that Gaupp did not 
abandon the word parasphenoid but, in 1908, em
ployed it to denote a palatal bone in Tachyglossus ac
uleatus which nowadays, probably wrongly, is iden
tified as the pterygoid bone ( cf. Kuhn 1971 ). 

One way of remedying this muddle is to discard the 
term os parasphenoides as well as the term os paraba
sale, and to introduce a new term: os crepidinum (Lat
in crepidinus, from crepida, sandal). A crepidine bone 
is an unpaired, dentate or edentate, alate or nonalate, 
palatal allostosis which extends beneath one (tem
poral or auditory), some, or all the regions of the 
endocranium, and occasionally beneath the most 
anterior part of the vertebral column. According to 
this definition crepidine bones exhibit a great variety 
of anteroposterior development. Moreover, as evi
denced by embryological and paleontological data, 
the variations in crepidine composition are so many 
that there really is no such entity as a "typical" os cre
pidinum. Types of crepidine bones may therefore be 
classified from their relation to overlying endocranial 
regions. This can be accomplished by abbreviations 
as follows: (N) regio nasalis, (E) regio orbitalis, (H) 
regio hypophysialis, (T) regio temporalis, (A) regio 
auditivus, (0) regio occipitalis, and (S) regio spinalis. 
Thus, among mammals, man (C,; Fig. 16) has an A
crepidine bone (cf. Reinbach 1967, Grube & Rein
bach 1976), whereas the camel has a T-crepidine bone 
(cf. Starck 1956); the Devonian tetrapod Acanthoste
ga gunnari has an EH-crepidine bone (cf. Clack & 
Coates 1993) and the Devonian fish Eusthenopteron 
foordi has an NEH-crepidine bone (cf. Jarvik 1954); 
the Triassic palaeoniscid Pteronisculus magna has an 
NEHT-crepidine bone ( cf. Nielsen 1942); the lepto-
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Fig. 14. E11sthe11optero11 
foordi. The structures seen in 
figure 12 plus various tooth 
plates. cat: crepidinula alaria 
temporalia or spiracular den
tal plates; cpt: crepidinulum 
parabasale temporale (''para
otic dental plate''): lhp: later
al hyomandibular tooth 
plates . 

dactylid Chilean frog Caudiverbera caudii ·erbera has 
an NEHTA-crepidine bone (cf. Reinbach 1939, Lynch 
197 I); the northern pike, Eso.r /11ci11s , has an NEH
TAO-crepidine bone and the African brachioptery
gian fish Polypterns senegalus has an NEHTAOS
crepidine bone (cf. Bjerring 1991 ). 

Crepidine bones may be grouped further in sub
types according to their composition . Often a crepi
dine bone is initiated by two or more component~ 
which unite during ontogeny (cf. de Beer 1937, Pehr
son I 940, I 945, Holmgren 1943. Jollie 1957. Lebed
kina 1964, 1979, Muller 1963). These embryonic 
components, several of which occur as separate bones 
in fossils (cf. Nielsen 1949, Jarvik 1972, 1980. Jessen 
1980, Chang 1982, Gardiner 1984), are referred to 
collectively as crepidinules. They are arranged in lon
gitudinal series which. from the mediosagittal plane 
outward, are called: the basal series (designated b), 
the parabasal series (designated p), and the alary se
ries (designated a). The crepidinules of the two last
named series may well be derived from the exoskele
ton of three branchial arches ( cf. Jarvik 1954 ). 

Within each of these series, a crepidinule is distin
guished from other crepidinules on the basis of its re
lation to the neighboring region of the axial endo
skeleton. This may be expressed by lower-casing the 
abbreviations employed above for crepidine classifi
cation. Thus, a crepidinule situated basal to the tem
poral region of the endocranium is a crepidinulum 
basitemporale and will be designated bt; a crepidinule 
situated parabasal to the hypophysial region of the 
endocranium is a crepidinulum parabasale hypophy
siale and will be designated ph (see Fig. 17). 

Two further abbreviations needed for crepidine 
characterization are D and ED. The former designates 
a toothed and the latter a toothless condition. 
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The os crepidinum of the domestic fowl may be 
used to illustrate this new descriptive terminology. In 
this bird ( cf. Erdmann 1940, Jollie 1957), the edentate 
(ED) crepidine bone extends beneath the orbital (E) , 
hypophysial (H), and temporal (T) regions of the 
endocranium and arises from seven separate bonelets. 
Of these bonelets, one (rostroparasphenoid of Jollie) 
i~ a crepidinulum basiorbitale (be) , two (sellapara
~phenoids of Jollie) are crepidinula basihypophysialia 
(bh) , another two (basiparasphenoids of Jollie) are 
crepidinula basitemporalia (bf), and still another two 
(alaparasphenoids of Jollie) are crepidinula paraba
salia temporalia (pt) . Thus. the subtype of the os cre
pidinum of Gallus do111e11stic11s is EHT-crepidine
(ED:be , bh , bt. pt) . 

A second example is the os crepidinum of the Low
er Devonian osteolepiform Yo1111golepis praecursor 
(Fig . 18). In this fossil fish (see Chang 1982). the den
tate (D) crepidine bone extends beneath the orbital 
(E) and hypophysial (H) regions of the endocranium. 
Usually it also extends beneath the nasal (N) region 
and occasionally even beneath the anterior part of the 
temporal (T) region of the endocranium. In some 
specimens, the posterolateral parts of the bone are 
separate elements (the prespiracular dental plates: 
Chang 1982): moreover, in other specimens, the bone 
exhibits a bilateral projection which contributes to the 
orbital floor on the same side. Thus, the known sub
types of the os crepidinum of You11golepis praecursor 
are four: Most specimens have an NEH-crepidine-(D: 
bn, be, bh, pe, ph); specimens with an independent 
crepidinulum parabasale hypophysiale have an EH
crepidine-(D: be. bh): specimens in which the bone 
assists in flooring the orbits have an NEH-crepidine
(D: b11, be, bh ,pe, ph, ae); and specimens in which the 
bone extends backwards beyond the basicranial fis-
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Fig. 15. £so.,· /11ci11s. The me
dian palatal allostosis for which 
Huxley (1864) coined the term 
os parasphenoides. According 
to the terminology used herein 
it is an NEHTAO-crepidine 
bone. A. ventral view of the en
tire bone; B, right-side view of 
the posterior part of the bone. 
Scale bar: I O mm. f.aci: fora
men for internal carotid artery. 

f.aci 

sure have an NEHT-crepidine-(D: bn, be, bh, bt, pe, 
ph). Whether other crepidine subtypes such as EH
crepidine-(D: be, bh, ph), NEHT-crepidine-(D: bn, 
be, bh, bt, pe, ph, ae) and NEHT-crepidine-(D: bn, be, 
bh, bt, pe, ae) also exist in Yo1111golepis praecursor re
mains to be seen. 

Returning to temnospondyls with a fossa conifor
mis entopterygoidea, their crepidine bone is, as noted 
already, sutured to the entopterygoid bones. Each of 
these connections is relatively long in Lyrocephalis
cus euri and Be11thosuch11s sushkini and lies below the 
hypophysial, temporal and otic regions of the endo
cranium. Thus, in both these tetrapods the dentate 
corpus ossis crepidini very probably includes basihy
pophysial, basitemporal and basiotical crepidinules as 
well as hypophysial, temporal and otical parabasal 
crepidinules. Moreover, the crepidine bone of Lyro
cephaliscus euri extends beneath the occipital region 
of the endocranium and that of Benthos11c/111s s11shki11i 
beneath the ethmoid region. Consequently, it would 
appear that the former tetrapod (Fig. 19) has an EH
TAO-crepidine-(D: be, bh, bt, ba, bo, ph, pt, pa) and 
the latter (Fig. 20) an NEHTA-crepidine-(D: bn, be, 
bh, bt, ba, ph, pt, pa). 

In both these tetrapods, each of the sutural connec
tions between the crepidine bone and the entoptery-

Co 
• • • • • :, · ·-."' ♦ • 

·~- . . ••. 

Fig. 16. Homo sapie11s. Transverse section through the head 
of an 80-mm embryo to show a transient crepidine bone 
underneath the basioccipital autostosis. After Reinbach 
1967. Bo: basioccipital autostosis: Co: cochlear part of otic 
capsule; Cr: A-crepidine bone: c.t: tympanic cavity; ph: 
pharynx; Ty: tympanic bone. 
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Fig. 17. Dorsal view diagram of crepidinules. b l-b7 : series 
of seven basal crepidinules: p I -p4: series of four parabasal 
crepidinules; al-a3: series of three alary crepidinules. From 
before backwards the crepidinules of each of these series 
are : bn. crepidinulum basinasale: be, crepidinulum basior
bitale : bh. crepidinulum basihypophysiale; bt. crepidinulum 
basitemporale: ba. crepidinulum basiauditivum; bo, crepi
dinulum basioccipitale: bs. crepidinulum basispinale; pe, 
crepidinulum parabasale orbitale: ph, crepidinulum paraba
sale hypophysiale; pt. crepidinulum parabasale temporale; 
pa. crepidinulum parabasale auditi vum: ae, crepidinulum 
alare orbitale: at. crepidinulum alare temporale: aa, crepi
dinulum alare auditivum. 

giod bones to all appearances involves the hypophy
sial , temporal and otical parabasal crepidinule com
ponents of the corpus ossis crepidini. Lateral to either 
of these sutures, the entopterygoid bone has an as
cending lamina which almost reaches the dermal 
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Fig. 18. Yo1111go/epis praernrsor (A I-A4) and Po1rid11hys 
t/10rstei11sso11i (8). Crepidines and crepidinules seen in ven
tral view. From Chang ( 1982) and Jessen ( 1980). A I (~pcc
imen V6180 in Chang): NEH-crepidine-(D: b11. be. bh . pe. 
ph): A2 (specimen V6553 in Chang) : EH-crepidine-(D: be. 
bh) and crepidinula parabasalia hypophysialia (pre,piracu
lar dental plates of Chang); A3 (specimen V622 I in 
Chang) : NEH-crepidine-(D: b11 , be, bh. pe. ph. ae): A➔ 
(specimen V6234 in Chang) : NEHT-crepidine-(D: /111. bl'. 
bh. bt, pe. ph); B (mainly specimen CGS33364 in Je\\cn): 
EH-crepidine-(D: be, bh) and crepidinula parabasalia 
hypohpysialia (parasphenotic dental plates of Jes~en). 
crd.ph: crepidinulum parabasale hypophysiale. 

skull roof. The mesial surface of this lamina is 
crossed by an oblique ridge called torus obliquus or 
crista obliqua (Nilsson 1946) which provided attach
ment for the mandibular depressor musculature (By
strov & Yefremov 1940) or protected the stapes form 
pressure by this musculature (Welles & Cosgriff 
1965; cf. Waren & Schroeder 1995). 
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Fig. 19. Lyroceplwliscus e11ri. Cranium in palatal aspect. 
From Save-Soderbergh 1936. Cr: EHTAO-crepidine- (D: 
be. bh. bt, ba, bo. ph, pt, pa). 

Precristally, the lamina ascendens entopterygoidis 
is conspicuously high and, at least in Lyrocephaliscus 
euri, abuts with the ipsilateral prootic autostosis of 
the endocranium. This lamina( part of the entoptery
goid bone lies mesial to the process of the mesopala
toquadrate bone contacting the otic capsule. The same 
palatoquadrate process in osteolepiforms is represent
ed by the juxtaspiracular process (p.js, Fig. 11, para
temporal process of Jarvik 1954; cf. Bjerring 1995a) 
which, in E11sthe11optero11 foordi (Jarvik 1980), ex
tends upwards and laterally to a deltoid field of exo
skeletal spiracular plates (cf. Fig. 14). The primor
dium of the so-called processus ascendens posterior 
(crepidinulum alitemporale) of the crepidine bone in 
Amia calva (Pehrson 1940) and the os obturans in 
Tachyglossus aculeatus (Kuhn 1971, Kuhn & Zeller 
1987) share a relationship with adjacent nervous and 
vascular structures which is consistent with the 
hypothesis that they evolved from coalesced exoskel
etal spiracular plates. It is therefore interesting to note 
that the os obturans arises ontogenetically through the 
fusion of several exoskeletal primordia (Griffiths 
1978). Thus, it appears that spiracular allostoses 
which have united and entered into the formation of 
the crepidine bone (Amia calva and other actinoptery
gians), or the sidewall of the braincase (Tachyglossus 
aculeatus and Ornit/10rhy11chus a11ati1111s), or the lam
ina ascendens entopterygoidis (Lyrocephaliscus euri 
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Fig. 20. Be11thu.1·11c/111s .rnshki11i. Cranium in palatal aspect. 
From Bystrov & Yefremov 1940. Cr: NEHTA-crepidine
(D: Im, he, bh, bt, ba, ph, pt, pa). 

and other so-called temnospondyls) represent phylo
genetically separate events. An indication of a separ
ate origin of the precristal portion of the ascending 
entopterygoid lamina is seen in Pe/tostega erici (Nils
son 1946: fig. I 0C). 

If this suggestion is correct, it follows that the 
cone-shaped fossa in the entopterygoid bone cannot 
have acted as the receptacle for the basipterygoid pro
cess. Instead, when the exoskeletal spiracular plates 
fused with each other and with the adjacent entopter
ygoid bone, the endocranial affacial process became 
enclosed in a hollow. This exoskeletal socket is the 
fossa conifonnis entopterygoidea. 

This view is corroborated by the situation of the 
cone-shaped entopterygoid fossa behind the hypo
physial region of the endocranium and directly in 
front of the fenestra ovalis. Moreover, this fossa lies 
posteroventrally relative to the palatine ramus of the 
facial nerve. And in Be11thosuch11s sushki11i, a distinct 
small pit (fovea ovalis, Bystrov & Yefremov 1940) 
lies just behind the fossa coniformis entopterygoidea. 
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This depression (fv.111, Fig. 7) might have served for 
attachment of a muscle homologous to the musculus 
abductor hyomandibularis (111 .ab.hy, Fig. 12) which in 
osteolepiforms, as noted earlier, probably arose from 
the affacial process. 

The most important argument to be stated here de
rives from the fact that the mesopalatoquadrate bone 
of Lyrocephaliscus euri (cf. Save-Soderbergh 1936) 
exhibits a processus basalis (p,:b, Fig. 9) which prob
ably formed a parhypophysial connection between 
the palatoquadrate and the endocranium. Apparently, 
therefore, besides a peg-and-socket articulation 
between the affacial process and the fossa coniformis 
entopterygoidea - fittingly called the sanidio-ento
pterygoid articulation - this tetrapod even had a basi
trabecular articulation. 

To all appearances, the sanidio-entopterygoid ar
ticulation was immobile and helped to prevent endo
cranial dislocation during muscular contractions that 
lowered the head. Moreover, together with sutural 
connections between the entopterygoid bones and the 
crepidine bone as well as synchondroses between the 
mesopalatoquadrate elements and the endocranium, 
the sanidio-entopterygoid articulations participated in 
affixing the upper jaw complexes to the rest of the 
skull. Since, as suggested above, the evolution of the 
sanidio-entopterygoid articulation was accompanied 
with the incorporation of fused exoskeletal spiracular 
plates in the entopterygoid bone, tetrapods possessing 
this articulation conceivably lacked an air-filled 
middle ear cavity. Their stape1> was rod-like and with 
an expanded footplate. The latter had a short sutural 
connection with the underlying crepidine bone (cf. 
Save-Soderbergh 1936, Bystrov & Yefremov 1940) 
which, one can assume, restricted stapedial mobility. 
The distal end of the stapes lay below the incisure au
ditiva and was probably cartilaginous because it is de
void of periosteal lining. Presumably, as in several 
frogs (cf. Jaslow et al. 1988), this cartilaginous struc
ture was partly embedded in unspecialized epidermis 
and dermis covering the exoskeletal incisure just 
mentioned. If so, external sound absorbed by this skin 
area could thence have been transmitted to the inner 
ear via the extrastapes and stapes. 

Tetrapods with sanidio-entopterygoid articulations 
might have utilized one more nontympanic pathway 
of acoustic reception. As noted earlier, the lamina as
cendens entopterygoidis of Benthosuclws sushkini 
exhibits a small depression (fv.111, Fig. 7) which is si
tuated immediately behind the fossa coniformis ento
pterygoidea. Probably a largely tonic muscle originat
ed from this depression and inserted into a stapcdial 
crest. Such a tensed muscle, derived presumably from 
the musculus abductor hyomandibularis in osteolepi
forms (cf. Fig. 14), would have acted as a taut struc
tural connection between the strongly fenestrate pal
ate and the near-immobile stapes. It appears that ex
ternal sound can penetrate into the mouth cavity of 
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frogs to produce motion of palatal tissues that might 
be relayed to the inner ear (cf. Vlaming et al . 1984). 
Thus, it can be hypothesized that the buccal cavity of 
Be11thrnch11s sushkini and other tetrapods possessing 
sanidio-entopterygoid articulations had an audio-re
ceptive function. Sound energy absorbed by the pal
ate could have reached the inner ear via the entopter
ygoid bone, the tensed muscle that connected the lam
ina ascendens entopterygoidis with the stapedial 
shaft, and the stapedial footplate as well as via the en
topterygoid bone and the affacial process. 

All known tetrapods with sanidio-entopterygoid ar
ticulations presumably spent a considerable amount 
of time in water. It is unsurprising, therefore, to find 
that these animals probably employed nontympanic 
mechanisms for reception of waterborne sound. Unre
lated to a tympanic ear, these mechanisms for aquatic 
hearing appear to be a consequence of the evolution 
of the fossae coniformes entopterygoidea. 

The Carboniferous tetrapod Greere1peto11 burkem
orani, as it appears from the description of Smithson 
( 1982), has an EHTAO-crepidine bone the corpus of 
which lacks sutural contacts with the entopterygoid 
bones. Dorsal to the crepidine corpus, on either side, 
lies a well-developed basicranial process projecting 
into a deep socket in the adjacent mesial surface of 
the fused entopterygoid and mesopalatoquadrate 

Fig . 21 . Palatal view of ichthyostegid cranium. From Jarvik 
1996. Cr: EH-crepidine-(D: be. bh. ph). 
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bones. This basicranial process occupies a methypo
physial position, but it is farther from the fenestra ov
alis than the affacial process. Its dorsal surface exhib
its a shallow groove which appears to correspond 
with a low ridge that partially subdivides the palatal 
socket mentioned previously into anterior and poste
rior parts. Thus, the basicranial process and its palatal 
socket may be dual structures. Positionally, they 
match the parts that contribute to the formation of the 
contiguously-placed anterior and posterior sanidio
palatoquadrate articulations in osteolepiforms ( cf. 
Figs I 0, 11 ). Therefore, it is possible that the peg-and
socket articulation in the temporal region of the skull 
of Greere1peton burkemorani represents a fusion of 
the adjoining sanidiopalatoquadrate articulations in 
osteolepiforms. This interpretation differs strongly 
from that of Smithson ( 1982), which, as already em
phasized, identifies the aforesaid peg-and-socket ar
ticulation as a derivative of the osteolepiform basitra
becular articulation. 

There remains to be added only a brief word per
taining to the connection between the palatoquadrate 
and the endocranial base in ichthyostegids. These De
vonian tetrapods, the anatomy of which is chiefly 
known from Jarvik 's descriptions (I 952, 1955, 1964, 
1980, 1996), have a relatively small EH-crepidine 
bone ( Cr, Fig. 21 ). Posteriorly, this palatal allostosis 
extends outward on either side beneath a parhypophy
sial basicranial process articulating synchondrotically 
with the ipsilateral palatoquadrate. Topographically, 
these lateral projections of the ichthyostegid crepi
dine bone correspond to the independent crepidinules 
(crd.ph, Fig. 18) that in Powichthys thorstei11ssoni 
and Yo1111golepis praecursor (cf. Jessen 1980, Chang 
1982) lie next to the hypophysial region of the endo
cranium and cover most of the ventral surface of a 
pair of basicranial processes. Each of these endocra
nial projections is reasonably identified as a basipter
ygoid process because, topographically, it resembles 
closely the lizard basicranial process for which Parker 
( 1880) coined the term processus basipterygoideus. 
Clearly, then, the aforementioned ichthyostegid basi
cranial process, which lies above the part of the crep
idine bone interpreted as the homologue of a crepidin
ulum parabasale hypophysiale, must be considered 
similarly a basipterygoid process. This implies that 
the ichthyostegid cranium includes a pair of basitra
becular articulations involved in the support of the 
upper jaws. lchthyostegids, however, lack sanidiopal
atoquadrate and sanidio-entopterygoid articulations. 
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In sum, the widely held belief that the upper jaw 
suspension on the midbasilar part of the endocranium 
in so-called temnospondyl tetrapods is effected en
tirely by the basipterygoid process, fails to account 
for all available data. However, it is sufficient for the 
Devonian ichthyostegids, which utilize one of the 
original articulations within the mandibular arch as a 
jaw support. In Greere,peton burkemorani, classified 
by Carroll ( 1988) as a colosteid temnospondyl, the 
upper jaw is not suspended by an intramandibular ar
ticulation but by an interarcual articulation corres
ponding to adjoining sanidiopalatoquadrate articula
tions in osteolepiforms. In Benthosuchus sushkini, 
which Carroll (1988) refers to as a capitosauroid tem
nospondyl, it is neither an intramandibular nor an 
interarcual articulation that functions as a jaw sup
port, but a sanidial process that is received into a 
cone-shaped fossa in the entopterygoid bone. This 
projecting process of the sanidium is present in osteo
lepiforms whereas the fossa coniformis entoptery
goidea is absent in these fish. In Lyrocephaliscus euri, 
identified by Carroll ( 1988) as a trematosauroid tem
nospondyl, there is support for the upper jaw both 
from the basitrabecular articulation and from the san
idio-entopterygoid articulation. Both these articula
tions were static because the underlying sutural union 
of the crepidine and entopterygoid bones precluded 
palatal kinesis. 

In the light of these arguments, the monophyly of 
the Temnospondyli may be challenged. 

Acknowledgements 
This paper is dedicated to the memory of the Danish 
paleozoologist Eigil Hans Aage Nielsen who was my 
first instructor in vertebrate paleontology. Thanks go 
to the Greenland Geological Survey for funding my 
fossil-collecting summer expedition in 1958 to the 
Eotriassic sediments at Kap Stosch, central East 
Greenland. Thanks also to Sonja Bjerring for mech
anical preparation, Lennart Alex Andersson, Bjorn 
Lindsten and Celso Salgueiro for executing the illus
trations, Uno Samuelson for photographic work and 
Ritva Woode for typewriting. I am grateful to Michael 
Coates for checking the English of this manuscript. 
The paper benefited from comments by Svend Erik 
Bendix-Almgreen and Philippe Janvier. 

Meddelelser om Gr!llnland, Geoscience 34 • 1997 



References 
Arendt, E. 1822. De capitis ossei Esocis Lucii structure sin

gularis. - Typis academicis Hartungianis, Regiomontum 
(Koningsberg, former name for Kaliningrad): 26 pp. 

Beer, G. R. de 1937. The development of the vertebrate 
skull. - Clarendon Press, Oxford: 552 pp. 

Birkelund, T. & Perch-Nielsen, K. 1976. Late Palaeozoic
Mesozoic evolution of central East Greenland. - In: Es
cher, A. & Stuart Watt, W. (eds). Geology of Greenland: 
305-339. The Geological Survey of Greenland, Copen
hagen. 

Bjerring, H. C. 1971. The nerve supply to the second meta
mere basicranial muscle in osteolepiform vertebrates, 
with some remarks on the basic composition of the endo
cranium. - Acta Zoologica (Stockholm) 52: 189-225. 

Bjerring, H. C. 1972. The nervus rarus in coelacanthiform 
phylogeny. - Zoologica Scripta I : 57-68. 

Bjerring, H. C. 1973. Relationships of coelacanthiforms. -
In: Greenwood, P. H .. Miles, R. S. & Patterson, C. (eds). 
Interrelationships of fishes: Supplement No. I to the Zoo
logical Journal of the Linnean Society 53: 179-205. 

Bjerring, H. C. 1984. The term "fossa Bridgei" and five 
endocranial fossae in teleostome fishes. - Zoologica 
Scripta 13 : 231-238. 

B jerring, H. C. 1991. The question of a vomer in branchiop
terygian fish. - Acta Zoologica (Stockholm) 72: 223-232. 

Bjerring, H. C. 1993a. A reflection on the evolutionary ori
gin of the legmen tympani. - Palaeontographica (Abt. A) 
228: 129-142. 

Bjerring, H. C. 1993b. Yet another interpretation of the coel
acanthiform basicranial muscle and its innervation. -
Acta Zoologica (Stockholm) 74: 289-299. 

Bjerring, H. C. 1995a. The question ofa homology between the 
reptilian processus basipterygoideus and the mammalian 
process us alaris. -Palaeontographica (Abt. A) 235: 79-96. 

Bjerring, H. C. 1995b. The parietal problem: How to cut this 
Gordian knot? - Acta Zoologica (Stockholm) 76: I 93-
203 . 

Bystrov, A . P. & Yefremov. J. A. 1940. Be11t/10.mch11s sush
kini Efr. a labyrinthodont from the Eotriassic of Sharzhen
ga river. - Trudy Paleontologicheskogo lnstituta: Akade
miya nauk SSSR 10() ): 152 pp. (In Russian with English 
summary) 

Carroll, R. L. 1988. Vertebrate paleontology and evolution. 
- W. H. Freeman. New York : 698 pp. 

Case, E. C. 1946. A census of the determinable genera of the 
Stegocephalia. - Transactions of the American Philosoph
ical Society (new series) 35: 325-420. 

Chang, M.-M. 1982. The braincase of Yow1golepis. a Lower 
Devonian crossopterygian from Yunnan, south-western 
China. - Department of Geology, University of Stock
holm and Department of Palaeozoology, Swedish Mu
seum of Natural History in Stockholm: 113 pp. 

Chowdhury, T. R. 1965. A new metoposaurid amphibian 
from the Upper Triassic Maleri Formation of Central In
dia. - Philosophical Transactions of the Royal Society of 
London (series B) 250: 1-52. 

Clack, J. A. & Coates, M. I. 1993. Acamhostega g111111ari: 
our present connection. - In: Hoch, E. & Brantsen, A. K. 
(eds). Deciphering the natural world and the role of col
lections and museums. Symposium Abstracts, Copenhag
en, May 1993. The Geological Museum, Copenhagen 
University: 39-42. 

Meddelelser om Gr0nland, Geoscience 34 • 1997 

Cosgriff, J. W. 1974. Lower Triassic Temnospondyli of Tas
mania. - Special Papers of the Geological Society of 
America 149: 134 pp. 

Cuvier, G . 1825. Recherches sur les ossemens fossiles . - 3rd 
edition, volume 5, part 2. G. Dufour & E . d ' Ocagne, Pa
ris : 542 pp. 

Cuvier, G . 1837. Le,;ons d'anatomie comparee . - 2nd edi
tion, volume 2. Crochard et coe, Paris: 726 pp. 

Erdmann, K. 1940. Zur Entwicklungsgeschichte der Kno
chen im Schadel des Huhnes bis zum Zeitpunkt des 
Ausschlilpfens aus dem Ei. - Zeitschrift flir Morphologie 
und Okologie der Tiere 36: 3 I 5-400. 

Gardiner, B. G . 1984. The relationships of the palaeoniscid 
fishes , a review based on new specimens of Mimia and 
Moythomasia from the Upper Devonian of Western Aus
tralia. - Bulletin of the British Museum (Natural History). 
Geology, 37 : 173-428. 

Gaupp, E. 1891 . Zur Kenntnis des Primordial-Craniums der 
Amphibien und Reptilien. - Verhandlungen der Anato
mischen Gesellschaft (Jena) 5: 114-120. 

Gaupp, E. 1896. A. Ecker's und R. Wiedersheim's Anatomie 
des Frosches. Auf Grund eigener Untersuchungen durch
aus neu bearbeitet. - Erste Abtheilung (Lehre vom Skelet 
und vom Muskelsystem), dritte Auflage . Friedrich Vie
weg und Sohn, Braunschweig: 229 pp. 

Gaupp, E. 1905. Neue Deutungen auf dem Gebiete der Leh
re vom Saugetierschadel. - Anatomischer Anzeiger 27 : 
273-310. 

Gaupp, E . 1908. Zur Entwickelungsgeschichte und verglei 
chende Morphologie des Schadels von Echidna aculeata 
var. typica. - Denkschriften der medicinisch-naturwi~
senschaftlichen Gesellschaft zu Jena 6(2) : 539-788. 

Getmanov. S . N. 1989. Triassic amphibians from the EaM 
European platform. - Trudy Paleontologischeskogo Insti 
tuta: Akademiya nauk SSSR 236: 1-102. (In Russian). 

Griffiths, M. 1978. The biology of the monotremes. - Aca
demic Press, New York: 367 pp. 

Grube, D. & Reinbach, W. 1976. Das Cranium eine~ 
menschlichen Embryo von 80 mm Sch.-St.-Uinge. Zur 
Morphologie des Cranium alterer menschlicher Feten 3. -
Anatomy and Embyology 149: 183-208. 

Gubin, Yu . M. 1987. On the systematic position and age of 
some labyrinthodonts from the Upper Permian deposits of 
the region west of the Urals. - Paleontologicheskii Zhur
nal I 987 (I): 94-99 (in Russian) or the English-language 
edition published by Scripta Technica 1987 (I): 104-1 I 0. 

Hallmann, E. 1837. Die vergleichende Osteologie de~ 
Schlafenbeins. - Hahn 'schen Hofbuchhandlung, Hann
over: 130 pp. 

Holmgren. N. 1943. Studies of the head of fishes . An em
bryological, morphological , and phylogenetical study. 4: 
General morphology of the head in fish . - Acta Zoologica 
(Stockholm) 24: 1-188. 

Holmgren, N. & Stensio, E. 1936. Kranium und Visceral
skelett der Akranier, Cyclostomen und Fische. - In: Bolk. 
L., Goppert , E., Kallius, E. & Lubosch, W. (eds). Hand
buch der vergleichenden Anatomie der Wirbeltiere 4: 
233-500. Urban & Schwarzenberg, Berlin und Wien. 

Huxley, T. H. 1864. Lectures on the elements of compara
tive anatomy: On the classification of animals and on the 
vertebrate skull. - John Churchill & Sons, London: 303 
pp. 

Ingevat, R. & Janvier, P. 1981. Cyclotosaurns cf. posth1111111s 
Fraas (Capitosauridae, Stereospondyli) from the Huai Hin 

23 



Lat Formation (Upper Triassic), northeastern Thailand, 
with a note on capitosaurid biogeography. - Geobios 14: 
711-725 . 

J arvik, E. 1944. On the dermal bones, sensory canals and 
pit-lines of the skull in Eusthe11optero11 foordi Whiteaves, 
with some remarks on E. saeve-soederberghi Jarvik. -
Kungliga svenska Vetenskapsakademiens Handlingar 
(3rd ser.) 21: 48 pp. 

Jarvik, E. 1948. On the morphology and taxonomy of the 
Middle Devonian osteolepid fi shes of Scotland. - Kungli
ga svenska Vetenskapsakademiens Handlingar (3rd ser.) 
25 : 301 pp. 

Jarvik, E. 1952. On the fish-like tail in the ichthyostegid ste
gocephalians with descriptions of a new stegocephalian 
and a new crossopterygian from the Upper Devonian of 
East Greenland. - Meddelelser om Gr~nland 114( 12): 
90 pp. 

Jarvik, E. 1954. On the visceral skeleton in Eusthe11optero11 
with a discussion of the parasphenoid and palatoquadrate 
in fishes. - Kungliga svenska Vetenskapsakademiens 
Handlingar (4th ser.) 5: 104 pp. 

Jarvik, E. 1955. Ichthyostegalia. - In: Piveteau, J. (ed.). 
Traite de Paleontologie 5: 53-66. Masson et C,., Paris. 

Jarvik, E. 1964. Specializations in early vertebrates. - An
nales de la Societe Royale Zoologique de Belgique 94: 
11-95. 

Jarvik, E. 1972. Middle and Upper Devonian Porolepi
formes from East Greenland with specia l reference to 
Glyptolepis groe11/a11dica n.sp. and a discussion on the 
structure of the head in the Porolepiformes. - Meddelelser 
om Gr~nland 187(2): 307 pp. 

Jarvik, E. 1975. On the saccus endolymphaticus and adja
cent structures in osteolepiforms, anurans and urodeles. -
Colloques internationaux du Centre National de la Re
cherche Scientifique 218: 191-211. 

Jarvik, E. 1980. Basic structure and evolution of vertebrates. 
- Volume I: 575 pp., volume 2: 337 pp. Academic Press, 
London. 

Jarvik, E. 1996. The Devonian tetrapod /chthyostega. - Fos
sils and Strata 40: 213 pp. 

Jaslow, A. P., Hetherington , T. E. & Lombard, R. E. 1988. 
Structure and function of the amphibian middle ear. - In: 
Fritzsch, B., Ryan, M. J., Wilczynski, W., Hetherington, 
T. E. & Walkowiak, W. (eds). The evolution of the am
phibian auditory system. John Wiley and Sons, New 
York: 69-92. 

Jessen, H. L. 1980. Lower Devonian Porolepiformes from 
the Canadian arctic with special reference to Pmrichthys 
tl10rstei11sso11i Jessen . - Palaeontographica (Abt. A) 167: 
180-214. 

Jollie , M. T. 1957. The head skeleton of the chicken and re
marks on the anatomy of this region in other birds. - Jour
nal of Morphology I 00: 389-436. 

Kuhn, H.-J . 1971. Die Entwicklung und Morphologie des 
Schlidels von Tachyglossus acu/eatlls . Abhandlungen der 
Senckenbergischen naturforschenden Gesellschaft 528: 
1-224. 

Kuhn, H.-J. & Zeller, U. 1987. The cavum epiptericum in 
monotremes and therian mammals. - Mammalia depicta 
13: 51-70. 

Kuhn, 0. 1961. Die Familien der rezenten und fossilen Am
phibien und Reptilien. - Verlagshaus Meisenbach, Bam
berg: 79 pp. 

Lebedkina, N. S. 1964. The development of the dermal 

24 

bones of the base of the skull in Urodela (Hynobiidae). 
Trudy Zoologicheskogo Jnstituta; Akademiya nauk SSSR 
33: 75-172. (In Russian) . 

Lebedkina, N. S. 1979. The evolution of the amphibian cra
nium (on the problem of morphological integretion). - In
stitute of Evolutionary Morphology; Akademiya nauk 
SSSR, Moscow: 283 pp. (In Russian). 

Lehman, J.-P. 1961. Les stegocephales du Trias de Mada
gascar. - Annales de Paleontologie 4 7: I 09-154. 

Lynch, J. D. 1971. Evolutionary relationships, osteology, 
and zoogeography of leptodactyloid frogs. - Miscellane
ous Publications of the Museum of Natural History, The 
University of Kansas 53 : 238 pp. 

MUiier, H. J . 1963. Die Morphologie und Entwicklung des 
Craniums von Rhea a111erica11a Linne. 2. Viszeralskelett, 
Mittelohr und Osteocranium. - Zeitschrift fiir wissen
schaftliche Zoologie 168: 35- 118. 

Nielsen, E. 1935. The Permian and Eotriassic vertebrate
bearing beds at Godthaab Gulf (East Greenland). -
Meddelelser om Gr~nland 98( I): 111 pp. 

Nielsen, E. 1942. Studies on Triassic fishes from East 
Greenland. I. G/auco/epis and Boreosomus. - Meddelel
ser om Gr~nland 138 (Palaezoologica Groenlandica I): 
403 pp. 

Nielsen, E. 1949. Studies on Triassic fishes from East 
Greenland. 2. Australosomus and Birgeria . - Meddelelser 
om Gr~nland 146 (Palaeozoologica Groenlandica 3): 309 
pp. 

Nilsson, T. 1942. Sasse11isaurus, a new genus of Eotriassic 
stegocephalians from Spitsbergen. - Bulletin of the Geo
logical Institute of Upsala 30: 91-102 . 

Nilsson, T. 1946. On the genus Peltostega Wiman and the 
classification of the Triassic stegocephalians. - Kungliga 
svenska Vetenskapsakademiens Handlingar (3rd ser.) 23: 
1-55. 

Nitzsch, C. L. 1815. Ueber die Knochenstiicke im 
Kiefergeriist der Vogel. - Deutsches Archiv fiir die 
Physiologie I: 321-333. 

Novikov, I. V. 1990. New Early Tri assic labyrinthodonts 
from the middle Timan region . - Paleontologicheskii 
Zhurnal 1990 (I): 87-100. (In Russian .) 

Novikov, I. V. 1994. Biostratigraphy of the continental Tri
assic of the Timan - North-Urals based on the tetrapod 
fauna . - Trudy Paleontologicheskogo lnstituta; Rossijskoj 
Akademii nauk 261. Nauka, Moskva: 139 pp. (In Rus
sian.) 

Ochev. V. G. 1966. Systematics and phylogeny of capito
sauroid labyrinthodonts. - Saratov University Press, Sara
tov : 183 pp. (In Russian). 

Ochev, V. G. 1972. Capitosauroid labyrinthodonts from 
south-eastern European SSSR. - Saratov University 
Press, Saratov: 270 pp. (In Russian). 

Oelrich, T. M. 1956. The anatomy of the head of Cte11osa11-
ra pecti11ata (lguanidae). - Miscellaneous Publications of 
the Museum of Zoology, University of Michigan 94: 
122 pp. 

Panchen, A. L. & Smithson, T. R. 1988. The relationships of 
the earliest tetrapods, - In : M. J. Benton (ed.). The phy
logeny and classification of the tetrapods. The Systematic 
Association special volume no. 35A: 1-32. Clarendon 
Press, Oxford. 

Parker, W. K. 1880. On the structure and development of the 
skull in the Lacertilia. I . On the skull of the common liz
ards (Lacerta agilis. L. 1•iridis, and Zootoca viripera), -

Meddelelser om Gr~nland, Geoscience 34 • 1997 



Philosophical Transactions of the Royal Society of Lon
don 170: 595-640. 

Pehrson, T. 1940. The development of dermal bones in the 
skull of Amia calva. -Acta Zoologica (Stockholm) 21 : 1-
50. 

Pehrson. T. 1945. Some problems concerning the develop
ment of the skull of turtles. -Acta Zoologica (Stockholm) 
26: 157-184. 

Reinbach, W. 1939. Untersuchungen Uber die Entwicklung 
des Kopfskeletts von Calyptocepha/11s Gayi, mit einem 
Anhang Uber das Os supratemporale der anuren Amphibi
en . - Jenaische Zeitschrift fUr Naturwissenschaft 72 (neue 
Folge 65) : 211-362. 

Reinbach. W. 1967. Uber einen Rest des Parasphenoids 
beim Menschen. - Zeitschrift fUr Anatomie und Entwick
lungsgeschichte 126: 49-54. 

Romer, A. S. 1930. The Pennsylvanian tetrapods of Linton, 
Ohio. - Bulletin of the American Museum of Natural His
tory 59: 77-147. 

Romer, A. S. 1947. Review of the Labyrinthodontia. - Bul
letin of the Museum of Comparative Zoology, Harvard 
College 99(1): 368 pp. 

Romer, A. S. & Witter, R. V. 1942. Edops, a primitive rha
chitomous amphibian from the Texas red beds. - Journal 
of Geology 50: 925-960. 

Ryabinin (Riabinin), A . N. 1930. Wetluga.murus a11g11sti
fro11s nov. gen ., nov. sp. from the Lower Triassic of Vetlu
ga-Land. - Annuaire de la Societe Paleontologique de 
Russie (Ezhegodnik Russkogo paleontologicheskogo 
obshchestva) 8: 49-76. (In Russian with English sum
mary). 

Save-Soderbergh, G. 1935. On the dermal bones of the head 
in labyrinthodont stegocephalians and primitive Reptilia 
with special reference to Eotria~sic stegocephalians from 
East Greenland. - Meddelel~er 0111 Grs;lnland 98(3): 211 
pp. 

Save-Soderbergh. G. 1936. On the morphology of Triassic 
stegocephalians from Spitsbergen, and the interpretation 
of the endocranium in the Labyrinthodontia. - Kungliga 
svenska Vetenskapsakademiens Handlingar (3rd ser.) 16: 
181 pp. 

Save-Soderbergh, G . 1945. Notes on the trigeminal muscu
lature in non-mammalian tetrapods. - Nova Acta Regiae 
Societatis Scientiarum Upsaliensis (4th ser.) 13(7): 1-59. 

Sawin. H. J. 1941. The cranial anatomy of Eryops mega
cepha/11s. - Bulletin of the Museum of Comparative Zool
ogy, Harvard College 88: 407-463. 

Sennikov, A.G. 1981. A new welugasaur from the Samara 
river basin. - Paleontologcheskii Zhurnal 15: 143-148 (in 
Russian) or the English-language edition published by 
Scripta Publishing Co: 111-116. 

Meddelelser om GrjZjnland, Geoscience 34 • 1997 

Shishkin. M.A. 1980. The Luzocephalidae. a new Triassic 
labyrinthodont family. - Paleontologicheskii Zhurnal 14: 
I 04-119 (in Russian) or the English-language edition 
published by Scripta Publishing Co: 88-10 I. 

Smithson. T. R. 1982. The cranial morphology of Greer
e11Jeto11 b11rke111ora11i Romer (Amphibia: Temnospondy
li) . - Zoological Journal of the Linnean Society 76: 29-
90. 

Spath, L. F. 1935. Additions to the Eo-triassic invertebrate 
fauna of East Greenland. - Meddelelser om Gr0nland 
98(2): 115 pp. 

Starck, D . 1956. Ein Parasphenoidrest bei Came/11.1· bactria-
111,s L. - Anatomischer Anzeiger I 03 : 81-84. 

Starck, D . 1979. Vergleichende Anatomic der Wirbeltiere auf 
evolutionsbiologischer Grundlage. 2. Das Skeletsystem. -
Springer-Verlag. Berlin : 776 pp. 

Sushkin. P. P. 1927. On the modifications of the mandibular 
and hyoid arches and their relations to the brain-case in 
the early Tetrapoda. - Palaeontologische Zeitschrift 8: 
263-32 I. 

Vlaming, M. S. M. G., Aertsen, A. M . H. J. & Epping, W. J. 
M. 1984. Directional hearing in the grass frog (Rana tem
poraria L.): I. Mechanical vibrations of tympanic mem
brane. - Hearing Research 14: 191-201. 

Warren , A. A . & Schroeder, N. 1995. Changes in the capito
saur skull with growth: an extension of the growth series 
of Parotos11c/111s a/iciae (Amphibia, Temnospondyli) with 
comments on the otic area of capitosaurs. - Alcheringa 
19: 41-46. 

Watson , D. M. S. 1962. The evolution of the labyrintho
donts. - Philosophical Transactions of the Royal Society 
of London (~er. 8) 245: 219-265. 

Welles , S. P. & Cosgriff, J. 1965. A revision of the labyrin
thodont family Capitosauridae and a description of Parot
osaurns peabodyi n. sp. from the Wupatki member of the 
Moenkopi Formation of northern Arizona. - University of 
California Publications in Geological Sciences 54: 1-148. 

Wilson, J. A. I 941. An interpretation of the skull of B11ett11e
ria , with special reference to the cartilages and soft part~. 
- Contributions from the Museum of Paleontology. Uni
versity of Michigan 6 : 71-111. 

Wiman, C. 1914. Uber die Stegocephalen au~ der Tria~ 
Spitzbergens. - Bulletin of the Geological Institute of Up
sala 13: 1-34. 

Yefrernov. J. A. 1940. Preliminary description of the new 
Permian and Triassic tetrapods from USSR. - Trudy 
Paleontologicheskogo lnstituta; Akademiya nauk SSSR 
10(2): 140 pp. (In Russian with English summary). 

25 



Instructions to authors 

Two copies of the manuscript, each complete with illustra
tions, tables, captions, etc. should be sent to the Secretary, 
Kommissionen for Videnskabelige Undersli)gelser i Grli)n
land. Manuscripts will be forwarded to referees for evalu
ation. Authors will be notified as quickly as possible about 
acceptance, rejection, or desired alterations. The final deci
sion on these matters rests with the editor. 

Manuscripts corresponding to less than 16 printed pages 
(of 6100 type units) including illustrations are not accepted, 
unless they are part of a special theme issue. Manuscripts 
that are long in relation to their content will not be accepted 
without abridgement. 

Manuscript 

Language. - Manuscripts should be in English (preferred 
language), French, or German. Authors who are not writing 
in their native language must have the language of their ma
nuscript corrected before submission. 

Place names. - All Greenland place names used in the text 
and in illustrations must be names authorised by The Green
landic Language Committee. Authors are advised to submit 
sketch-maps with all required names to the Secretary for 
checking before the manuscript is submitted. Names of 
Greenland localities outside the area with which the paper is 
concerned should be accompanied by coordinates (longitu
de and latitude). 

Title. - Titles should be as short as possible, with emphasis 
on words useful for indexing and information retrieval. 

Abstract. - An abstract in English must accompany all pa
pers. It should be short (no longer than 250 words), factual, 
and stress new information and conclusions. 

Typescript. - Typescripts must be clean and free of hand
written corrections. Use double spacing throughout, and 
leave a 4 cm wide margin on the left hand side. Avoid as far 
as possible dividing words at the right-hand end of a line. 
Consult a recent issue for general lay-out. 

Page I should contain I) title, 2) name(s) of author(s), 3) 
abstract, 4) key words (max. 10), 5) author's full postal ad
dress(es). Manuscripts should be accompanied by a table of 
contents, typed on separate sheet(s). 

Underlining should only be used in generic and species 
names. The use of italics in other connections can be indi
cated by wavy line in pencil under the appropriate words. 

Use at most three grades of headings, but do not under
line. The grade of heading can be indicated in soft pencil in 
the left hand margin of one copy of the typescript. Avoid 
long headings. 

Floppy disc. - It may be helpful in the printing procedure if, 
in addition to the hard copies, the manuscript is also submit
ted on a DOS-formatted floppy disc. However, editing will 
be made on the hard copy, and the text file on the disc must 
be identical to the final version of the manuscript. 

References. - References to figures and tables in the text 
should have the form: Fig. I, Figs 2-4, Table 3. Bibliograph
ic references in the text are given thus: Shergold ( 1975: 16) 
... (Jago & Daily 1974b). 
In the list of references the following style is used: 

Boucot, A. J. 1975. Evolution and extinction rate controls. 
- Elsevier, Amsterdam: 427 pp. 

Sweet, W. C. & Bergstrom, S. M. 1976. Conodont bio-strat
igraphy of the Middle and Upper Ordovician of the Unit
ed States midcontinent. - In: Bassett, M. G. (ed). The 
Ordovician System: Proceedings of a Palaeontological 
Association symposium, Birmingham, September 1974: 
121-151. University of Wales Press. 

Tarling, D. H. 1967. The palaeomagnetic properties of some 
Tertiary lavas from East Greenland. - Earth and Planeta
ry Science Letters 3: 81-88. 

Meddelelser om Gr(bnland, Geoscience ( Bioscience, Man & 
Society) should be abbreviated thus: Meddr Gr(bnland, Geo
sci. (Biosci., Man & Soc.) 

Illustrations 

General. - Submit two copies of all diagrams, maps, photo
graphs, etc., all marked with number and author's name. 
Normally all illustrations will be placed in the text. 

All figures (including line drawings) must be submitted 
as glossy photographic prints suitable for direct reproduc
tion, and preferably have the dimensions of the final figure. 
Do not submit original artwork. Where appropriate the sca
le should be indicated on the illustration or in the caption. 

The size of the smallest letters in illustrations should not 
be less than 1.3 mm. Intricate tables are often more easily 
reproduced as text figures than by type-setting; when letter
ing such tables use »Letraset« or a typewriter with carbon 
ribbon. 

Colour plates may be included at the author's expense, 
but the editor must be consulted before such illustrations are 
submitted. 

Size. - The width of figures must be that of a column (76.5 
mm), I 'h columns (117 mm), or a page (157 mm). The 
maximum height of a figure (including caption) is 217 mm. 
Horizontal figures are preferred. If at all possible, fold-out 
figures and tables should be avoided. 

Caption. - Captions to figures must be typed on a separate 
sheet and submitted, like everything else, in duplicate. 

Proofs 

Authors receive two page proofs. Prompt return to the edi
tor is requested. Only typographic errors should be correct
ed in proof; the cost of making alterations to the text and 
figures at this stage will be charged to the author(s). 

Twenty-five copies of the publication are supplied free, fif
ty if there are two or more authors. Additional copies can be 
supplied at 55% of the retail price. Manuscripts (including 
illustrations) are not returned to the author after printing un
less specifically requested. 

Copyright 

Copyright for all papers published by Kommissionen for 
Videnskabelige Undersli)gelser i Grli)nland is vested in the 
Commission. Those who ask for permission to reproduce 
material from the Commission's publications are, however, 
informed that the author's permission must also be obtained 
if the person is still alive. 



Meddelelser om Gr0nland 

Bioscience 

Geoscience 

Man & Society 

Published by 

The Commission 

for Scientific 

Research 

in Greenland 

s:: 
CD c. c. 
CD 
CD 
tn 
CD 
""I 

0 
3 
C) 
""I 
G\ 
::::, 

C) 
Cl) 
0 
(/) 
(") 

<ii" 
:J 
(") 
Cl) 

w 
.,::. 

• ...... 
U) 
U) 
-..J 

...... 
U) 
U) 
-..J 




