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The attempt by Rosen et al. (1981) to demonstrate the presence of a choana in
dipnoans revolved around the identification of the bones forming the rostrum and the
anterior end of the palate of Griphognathus whitei as homologues of the vomers,
palatines, maxillae and premaxillae of tetrapods. These homologies were postulated
on the basis of similar patterns of bones in the two groups. Studies of the function of
the bones in question and of their evolution from the primitive dipnoan condition,
have shown that these conclusions cannot be sustained. Griphognathus whitei is a highly
derived species with neomorphic bones formed in response to an unusual mode of
feeding. The rostral ossification is formed by the fusion of bones after the dipnoans
separated from their parent group, and it does not contain homologues of the
premacxillae. In this instance, the attempt to establish relationship by outgroup
comparisons without an analysis of the ingroup relationships in evolutionary and
functional terms, is inappropriate. Studies of pattern and process must proceed hand
in hand.
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INTRODUCTION

Dipnoans have either lost or never had marginal tooth rows. Since they appeared
in the fossil record in the Early Devonian, they have had palatal and prearticular teeth
which have displayed a variety of grossly different patterns and functions (Campbell
and Barwick, 1983). Recently, several attempts have been made to interpret the nature
of the dentition in primitive lungfishes. This is a matter of some importance, as the
recent work of Rosen ef a/. (1981) has raised again the issue of the relation between the
Dipnoi and the Amphibia, suggesting that they are sister groups. Implicit in that
hypothesis is the view that marginal tooth rows were present in the ancestors of the
Dipnoi, and persisted in that group at least during its early evolutionary phase,
becoming modified as palatal teeth became more effective.

It was the supposed identification of the choana in the Late Devonian dipnoan
Griphognathus whiter that suggested to Rosen e¢f al. the need to reinvestigate dip-
noan/tetrapod relationships. In that species, the identification of the choana is
dependent on the recognition of the homologies of its surrounding bones, a point that is
made clear in their introduction to the topic (Rosen et al., 1981: 178-182). The choana
in early tetrapods, exemplified by Ichthyostega, is surrounded by the vomer, the palatine
and the maxilla, and these three bones were said to be recognized in G. whiter. The
homologies proposed by Miles (1977) were abandoned. In our view, their case depends
on special pleading, takes no account of variation in the number and the position of the
bones present, ignores the fact that this species shows many derived characters quite
unknown in earlier dipnoans, and makes no attempt to understand the structures
concerned in functional terms.

In the ensuing discussion the arrangement of the bones in question will be
described for G. whiter, their positions in other primitive dipnoan species will be
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148 THE CHOANA ETC. OF EARLY DIPNOANS

discussed, an attempt will be made to interpret the structure of G. white: in functional
terms, the homologies of the bones will be outlined, and as a consequence it will be
shown that no evidence supporting the presence of a choana in the Dipnoi can be
derived from G. whitei. This being so, the case for the dipnoan/tetrapod relationship
proposed by Rosen ¢ al. is considerably weakened.

For discussion purposes, the bone names used by Miles (1977) and Rosen et al.
(1981) are employed, but they are placed in quotation marks to indicate that we
question their validity.

BONES AROUND THE ANTERIOR END OF PALATE OF GRIPHOGNATHUS WHITEI
‘Dermopalatines 1 and 2° or ‘Vomers’

At the anterior end of the palate is a pair of bones (‘dermopalatine 1’ of Miles,
1977, and ‘vomer’ of Rosen e/ al., 1981), which can be recognized in all specimens
examined to date. They continue the contours of the pterygoids. In some specimens,
an elongate element (‘dermopalatine 2’ of Miles, and ‘palatine’ of Rosen et al. ), which
moulds itself around the inner margin of the posterior naris, lies posterior to the
‘dermopalatine 1’. It separates the posterior nostril from the pterygoid in the specimen
considered to be typical by the above authors. As Miles (1977: 163) indicated, this
bone is not invariably present, and where it is present it varies considerably in length.
In some specimens the same space is occupied by the expanded pterygoid, and in
others a single dermopalatine (or vomer) flanks the pterygoid between the mid-line and
the posterior naris (see Fig. 2A-C). It 1s necessary to justify the assumption that
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Fig. 1. Anterior part of the palate of Griphognathus whitei copied from Miles, 1977: fig. 6, and labelled with his
bone identifications and those of Rosen et al., 1981. The upper label (upright letters) is from Miles, and the
lower label (italics) is from Rosen et al. Note that we consider the presence of dermopalatines 1 and 2 to be
abnormal.
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‘dermopalatines 1 and 2’ are typical of G. whitei and that this represents the primitive
condition.

In the primitive genera Uranolophus (Denison, 1968), Dipnorhynchus and
Speonesydrion (Campbell and Barwick, 1983) a single bone occupies the space on each
side anterolateral to the pterygoid between the mid-line and the postnasal wall. The
position in Fleurantia denticulata, in which Graham-Smith and Westoll (1937) have
restored a single dermopalatine, is not clear. Because a single bone occupies the same
space in several specimens of G. whitei, and a similar situation occurs in G. sculpta
(Schultze, 1969: fig. 14), it is reasonable to conclude that this is the typical condition in
Griphognathus. The second bone (i.e. the one labelled ‘dermopalatine 2’ by Miles and
palatine by Rosen e al.) is an individual variation within G. whitei and is of no
significance in determining homologies. Its presence is functionally related to the great
increase in the distance between the postnasal wall and the anterior end of the palate.
The occurrence of a single bone in all other Devonian genera indicates that this is the
primitive condition and the use of the specimen of G. whitei with two ‘dermopalatines’
as typical of the primitive condition is unjustified.

For present purposes the homology of the single bone between the midline and the
post-nasal wall is not a matter of consequence, except in so far as it has quite the wrong
relationships to be a palatine, a point to which we return later.

‘Ectopterygoid’ or ‘Maxilla’

The bone immediately posterior to the ‘dermopalatine’ has similar characteristics,
but it does not form part of the arcade continuing the palatal contours. Instead, its
inner edge stands up abruptly from the pterygoid and then moulds itself to the ventral
surface of the postnasal bar. This latter structure is well ossified in all Devonian dip-
noans, and runs laterally to form a broadly expanding buttress against the inner
surface of the roofing bone that contains the anterior part of the suborbital lateral line
(Fig. 2A-C). The bone in question, which is interpreted as the ‘ectopterygoid’ by Miles
(1977: fig. 57), and as part of the ‘maxilla’ by Rosen et al. (1981: 185, fig. 7A), is very
thin, denticulated, and appressed to the surface of the postnasal bar. Laterally it is
sutured against the concave and sharply defined labial lamina which is discussed
below. It lies around the lateral and posterior edges of the posterior naris. Miles (1977:
180) gave a good account of the bone and its relationships. There is no doubt that it lies
on the lateral face of the tectum nasi (above which lie the ramifying sensory tubules of
the snout) as well as on the postnasal bar. Its outer edge, on which the denticles are
slightly enlarged, is aligned with the outer edge of the lateral nasal tooth plates. It is
clearly sutured against the ridge labelled ‘endoskeletal ridge supporting tooth-ridge’ by
Miles (1977: fig. 78), as is shown on Fig. 2A, B.

‘Lateral Nasal Tooth Plates’ or ‘Maxillae’

The anterior edge of the bone designated as maxilla by Rosen et al. (1981: fig. 7a)
is not clear. In at least some of our specimens it is a short bone, and this is probably the
norm. In ANU35641 one, or possibly two lateral nasal plates (Miles, 1977: 181) lie
between its anterior edge and the subnasal ridge (Fig. 2B, C). These lateral nasal tooth
plates consist of an almost horizontal outer, lateral sector, and a vertical inner sector
that turns inwards slightly along its dorsal edge, partly to join with the ‘dermopalatine
3’ of Miles (see below), and partly to form the lateral margin of the anterior naris.
They broadly follow the contours of the ventral surface of the tectum nasi. More than
one lateral nasal tooth plate may be present, as was indicated by Miles (1977: 181), but
it is difficult to distinguish between cracks and sutures on most specimens. The anterior
edges of the lateral tooth plates are generally clear, though they vary slightly in position
from specimen to specimen. Their contours continue smoothly into the concave
ventral face of the rostral capsule.
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It is of importance to establish that these tooth plates are sutured against en-
docranial bone, and that the sutures frequently open allowing them to fall free. Some
confusion may arise from the identification by Miles (1977:180, fig. 78) of a separate
entity named the labial Jamina, which he characterized as ‘an internal lamina of an-
terior bones in the infraorbital lateral-line series’. This lamina is said to lie against an
endoskeletal ridge that supports the ventral edge of the lateral nasal tooth plates. The
edges of the external dermal bones (probably la-c) are not inflected along this edge.
Topographical relations and thin sections both show that the endocranium is deflected
outwards to meet the external bones to form the main lamina (Fig. 3). The boundary
between the endocranium and the dermal bones is difficult to distinguish clearly in the
sections, but it is clear that the lamina as well as the ridge supporting the lateral nasal
tooth plates is of endocranial origin. The tooth plates are not in contact with the ex-
ternal dermal bones 1a-c.

Such an arrangement is possible in G. whitei only because the dermal bones la-c
are so elongated and the snout is so depressed. Species such as Chirodiplerus australis
have the postnasal bar standing up much more steeply so that it makes contact with
bones la-c only along their dorsal edges (Figs 4A, 5B).

‘Dermopalatine 3° or ‘Extra Dermal Bone’

One other loosely articulated bone is present in this region in all specimens
examined. It is labelled ‘dermopalatine 3’ by Miles, and as an ‘extra dermal bone’ by
Rosen et al. (1981: fig. 7A). In both ventral and lateral aspects this bone is always
strongly flexed. Its lateral edge forms the margin of the anterior naris, which must have
been directed anteriorly from the nasal capsule. Its posterolateral edge was probably
loosely articulated with the inner edge of the lateral nasal tooth plate, thus forming a
continuous but flexible roof over the entrance space to the anterior naris. As Miles
(1977: fig. 80a) has shown, this flexible junction is sometimes lost by fusion of the
adjacent bones. In some specimens (BM P56054 and ANU35641), the ‘dermopalatine
3’ articulates with the posterior denticulated edge of the rostral capsule, but in others
there is a gap at its anterior edge. This gap may have been occupied in life by yet
another denticulated plate.

No equivalent of ‘dermopalatine 3’ is known from any other dipnoan. One may
have been present in other long-headed forms such as Fleurantia or Soederberghia, but
further material is needed. No short-headed species shows evidence of such a bone.
Indeed, one would not be expected, because the anterior naris in such forms is situated
well forward, immediately behind the edge of the notch in the rim of the rostral cap-
sule. A similar argument would apply to Uranolophus wyomingensis in which the posterior
edge of the notch for the anterior naris is sharply defined and stands up to form a steep
non-denticulated rim.

Miles and Rosen ¢f al. have been unable to homologize this bone with bones in
osteichthyans or amphibians. The conclusion that it is neomorphic seems inescapable.
“Vomer’ — A Median Unpaired Plate

Was a median unpaired bone present at the front of the palate of G. white:? Miles
(1977: 165) found the possibility of such a bone attractive because it ‘would occupy the
same morphological position as the vomer in Chirodipterus and Holodipterus’. He found
no bone iz situ in this position in his material, and we have found none in ours. One
median non-denticulated bone (Miles, 1977: fig. 83) was treated as a possible can-
didate, but neither its shape nor its structure support this identification. Moreover, G.

Fig. 2. Views of the anterior part of the palates of two specimens of Griphognathus whitei showing the
arrangement of the various denticulated structures. A and C are full ventral views of CPC22593 and
ANU35641 respectively. B is of ANU35641 tilted slightly to the right. Scale = 10 mm.
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whiter normally has neurocranial shelves to support the loose bones such as ‘der-
mopalatine 1’ and ‘dermopalatine 3’, but no shelf 1s present to support a median
dermal bone. We consider that no such bone was present.

The only Devonian species for which unequivocal evidence of a median anterior
unpaired bone exists is Chirodipterus australis. Scaumenacia curta as figured by Jarvik
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Fig. 3. Cross section of the nasal eapsule of Griphognathus white;. A. General form of the endocranial bone,
lining the capsule; the denticle-bearing ‘dermopalatine’ and ‘extra dermal bones’ lying against the
‘pterygoid’ and the external dermal bones and labial lamina, the latter without the ‘lateral nasal tooth
plates’ covering its inner surface. B. Enlargement of the labial lamina which is formed entirely of cn-
docranial bone without an inflected cover of external dermal hone. Dark field illumination.
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(1967: pl. 6, fig. 5) is said to show a bone of this type. Examination of the specimen has
left one of us (KSWC) unconvinced. In addition to the specimens of C. australis
mentioned by Miles, ANU35638 shows the median unpaired bone admirably (Fig. 5).
None of the specimens of C. australis have the ‘dermopalatines 1’ meeting in the mid-
line as they do in all three Early Devonian genera Uranolophus, Dipnorhynchus and
Speonesydrion. Miles expressed the view that the ‘dermopalatines 1’ primitively met in
the mid-line and paired bones (the vomers) lay in front of them. According to this view
the ‘dermopalatines 1’ in Chirodipterus have become smaller and withdrawn from the
mid-line, leaving a median space into which the now fused vomers have moved. Miles
(1977: 175) has argued that the vomer ‘is primitively paired in choanates, actinistians
and actinopterygians’, and that paired vomers are known in all the recent dipnoan
genera as well as the late Palacozoic Sagenodus, Uronemus, Conchopoma and Monongahela.
Unfortunately no reason is given for homologizing the paired bones in these genera
with the median unpaired bone in Chirodipterus (the ‘vomer’) rather than the paired
lateral bones (the ‘dermopalatines 1’), an hypothesis that seems to us to be at least
equally probable. The outgroup comparison argument is irrelevant for purposes of
determining whether these bones are the homologues of the ‘dermopalatines’ or the
median unpaired ‘vomer’. We conclude that no case has been made in support of the
view that paired bones or an unpaired bone lay in front of the ‘dermopalatines 1’ in
Griphognathus whatei.

The Rostral Ossification

The denticulated parts of the rostral ossification remain to be discussed. This is a
massive structure, largely covered by a sheeting of dentine and enamel (Smith, 1977:
33) that breaks down into denticles in the region of the notches leading to the anterior
nares. Unlike most Devonian dipnoans, this structure has an extensive ventral surface
produced from backwardly deflected external bone that forms a ventral cover for the
anterior part of the ethmoid capsule. The lateral part of this cover, which forms the
subnasal ridge of Miles (1977), lies well behind the anterior edge of the palate. This
relationship 1s possible only because of the attenuation of the snout in Griphognathus
whiter. It is quite impossible in shorter-headed forms, be they of the tooth-plated type
like Chirodipterus or the non-tooth-plated type like Holodipterus.

No sutures are present on this surface, but topographically it is divided into three
elements — a pair of pre-oral eminences, very prominent subnasal ridges, and very
broad anterior narial notches. The pre-oral eminences usually carry a few coarse
tubercles on their crests and smaller denticles on their lateral and posterior faces. The
notches are broadly rounded and lined with a thin layer of denticulated dermal bone
that extends posteriorly a considerable distance to meet the edge of ‘dermopalatine 3’,
and then runs lateral to that bone until it meets the lateral nasal tooth plates. This
surface continues laterally in a smooth curve up the inner face of the subnasal ridge.

Rosen ¢t al. (1981: 180-181) refer to the tubercles on the pre-oral eminences as
‘premaxillary teeth’, and they believe that these eminences ‘represent premaxillae that
have fused with the bone of the snout’. It is not clear where these supposed
‘premaxillae’ and the ‘bone of the snout’ join. They also regard the slightly enlarged
denticles that occur on the subnasal ridge in some specimens as ‘maxillary teeth’. As
has been shown above, the subnasal ridge is quite separate from the more posteriorly
placed lateral nasal tooth plates, which they also regard as ‘maxillary’, but this ridge
cannot be separated from the remainder of the rostral ossification which is not part of
the ‘maxillary’.

Interpretation of these bones should be made in terms of what is known about the
rostral region of other Devonian dipnoans rather than by outgroup comparison. When
that is done, a completely different picture emerges, as is shown below.
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THE ANTERIOR AND POSTERIOR NASAL OPENINGS IN G. WHITEI

As was clearly shown by Miles (1977: fig. 57), the nasal capsules are relatively
small and lie more posteriorly than in most other species. They are also more protected
on the ventral side by the pterygoids than in any short-headed dipnoan known to us.
The anterior opening for the nasal capsule must have been situated in the notch in the
‘dermopalatine 1’, and it must have entered the capsule from a slightly anterolateral
direction. It would have had a depressed oval outline, and it must have been in a more
posterior position than that indicated by Miles (1977: fig. 57). The posterior naris was
in the position indicated in that figure, but its shape cannot be defined from the
material at our disposal. The bone edges around the space for this naris are not always
‘finished’, and presumably the actual opening was in loose skin.

The anterior naris was therefore well behind the anterior nasal notch in the rostral
capsule, quite unlike the situation i any known short-headed dipnoan with tooth
plates. Forms such as Dipnorhynchus and Chirodipterus (Fig. 8) have large nasal capsules
situated anterior to the dentition, and the anterior naris was placed immediately
posterior to the anterior nasal notch. Similar comments seem to be applicable to
Uranolophus, which is the most primitive of all the denticulated types, though in U.
wyomingensis the capsule details are not completely clear. However, even the relatively
short-headed denticulated types such as Holodipterus have much smaller nasal capsules
that are partly covered by the pterygoids and adjacent denticulated plates, and the
anterior naris must be situated well back from the anterior nasal notch which is itself
denticulated.

The posterior naris in G. white: was in a very posterior position relative to the front
of the palate. It was tucked into the angle formed at the junction of the postnasal wall
and the pterygoid. With a similarly small nasal capsule, the posterior naris of
Holodipterus must also have occupied a posterior position. On the other hand, the
posterior naris in Dipnorhynchus and Chirodipterus would have been further forward,
being about half way along the length of the ‘dermopalatine 1’ (see Thomson and
Campbell, 1971: fig. 29; Miles, 1977: fig. 67).

OCCLUSIONIN G. WHITEI

The arrangement of the bones around the nasal capsules in G. whitei can be un-
derstood only if the occlusal pattern of the jaws is appreciated. Other long-headed
dipnoans may share a similar pattern, but the only genus for which the specimens are
sufficiently well preserved for this to be established unequivocally is Griphognathus.
Several undistorted specimens of G. whitei have been found with the mandible
preserved in position. These illustrate a number of points:

1. The largest ‘prearticular’ tusk passes lateral to the large pterygoidal tusk, and
meets the ventral face of the postnasal bar. On some specimens, this bar has a distinct
pit to receive the crest of the ‘prearticular’ tusk. Clearly the denticulated dermal bone
(maxilla of Rosen e al.) on the surface of the postnasal bar served as a protection
during full occlusion and also assisted with the holding of food. Such a relation is not
possible in other dipnoans.

2. The crest of the ‘dentary’ passes with a shearing action between the den-

Fig. 4. A. Venurolateral view of a weathered specimen of Chirodipterus australis (ANU35640) with the lower
jaw in position showing the relation of the tooth plates to the postnasal bar. B, C. Two views of a specimen
of Griphognathus whitet (CPC22593; see also Fig. 2A) showing the extent to which the lower jaw occludes the
anterior nasal notches and the space along the inner edge of the labial lamina. Note that the lateral nasal
tooth plates are missing, leaving a larger slit than would have occurred in life. Compare this situation with
that of C. australis shown in Fig. 5C. Natural size.
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