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Moroccan Devonian dipnoans

such as the extant species, as well as any Late
Devonian or Carboniferous species.

2. The growth of the lateral tubercles and of the
surfaces of the tissue inside them implies that
the growth during the later ontogeny took place
by the addition to the base of the plate which
permits the thickness and the lateral extension
of the elements to occur. The palatal material
thins out at certain points and the underlying
bone becomes close to the buccal surface
laterally, allowing extension to occur. This
allows the dentine of the plate to replace bone
laterally as well as vertically, although the
vertical growth is at a greater rate than the
lateral growth to maintain the rounded
structure on the features of the buccal surface.
For this process to take place, there is obviously
no need to have a space at the base of the
dentine, but rather larger canals in the base of
the dentine, which are progressively filled up
with new tissue.

3. Another method of adding to the margins of the
tooth plates is by the addition of blisters on the
sides of the plate. Similar features occur in
Dipnorhynchus and Chirodipterus australis. In this
new species the bone of the prearticular and the
pterygoid grew laterally into the spaces
between the blisters and joined them together.

4. The growth of dentine at its base must require a
change in the material deposited. This does not
result from the replacement of prearticular or
the pterygoid bone, but by a change in the
material deposited in the vascular spaces to
form complete layers of new material. This
produces the dense mass of dentine in the plate.
Because the growth of the plate continued
through the ontogeny of the animal, one would
expect to find some lighter coloured layers in
the tissue towards the buccal surface resulting
from deposition when the animal was young.

5. Finally, the spaces into which the tuberosities of
the palate fit into the prearticulars, show a
coarse texture resulting from the intergrowth of
the basal bone and the dentine. As indicated
above, this allows differential growth to take
place.

The lateral tuberosities were present early in the
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growth of the animal, and were added to vertically
by growth into the basal bone and laterally into the
open labial space. Their inner edges are moved
laterally as new material is added at their inner
margins. Growth of bone took place in the furrows
causing extension of the plate laterally, but not
producing any obvious sutures. This is shown on
Figure 8 b, c. The structure of the palate is not so
clear as we had hoped, and we are unable to cut it
for thin sections. However, there are features that
support the view developed from the mandible. The
tuberosities are large and smooth surfaced,
indicating that they have continuous accretion of
dentine and bone beneath them. The furrows in
between are much rougher on the buccal surface,
indicating that they are made of a mixture of hard
dark bone and pterygoid bone. Thus the bone must
be close up under the buccal surface, a feature
which we would expect if our mandibular
interpretation is correct.

With regard to the palate, no median suture is
present, so that the growth of the plate had to take
place along the lateral and posterior margins. In
dentine plated forms the median edge is a zone of
active modification as the tissue was eroded and
added to periodically. This also means that there
would be no addition of tissue to the lateral margins
of the parasphenoid. That bone could increase only
by addition to its posterior and posterolateral edges.
Where the anterior edge of the bone lay is quite
unknown. In later dipnoans, the buccohypophyseal
opening is near the anterior end of the
parasphenoid. As a result, we would expect the
edge to be in about that position on our current
specimens. In the light of what we have written
about the addition of tissue to the palatal surface,
care has to be taken about the use of furrows in the
surface to define the boundary of the bone. We also
note that the absence of a buccohypophyseal
foramen in one specimen may be the result of
deposition of the tissue of the dental plates over its
surface in later life.

In the mandible, the dental plates also have a
number of replacement patches low on the lingual
surface and apparently made of the same material
as the dental plates themselves. We suspect that it
forms a means of modification of the inner edge of

<« Figure11 Landscape image of back scatter SEM images of the dentine making up the large tuberosities. Buccal

surfaces to the left side of the Figure. (a) An asymmetrical section, being an enlargement of Fig. 10 b.
Bundles of crystals against the vascular canal (C) followed outwards by layers of organised crystal bundles
alternating with irregularly arranged fine crystals. Larger layer of organised crystals (OC) and then wider
bands of crystals at right angles to the surface (VC) and a layer of bundled crystals (BC). (b) An enlargement
of part of (a). Note that in the banded section on the right of the image most of the crystals stand with their
axes at a high angle to the surface, but the orientation of the crystals in the dark bands is not known. {c~d)
Two further views of the several layers showing crystal orientation. Note in (c) that the character of a single
layer of crystals may change along the length of a layer from X where the crystals have their long axes
parallel with the plate surface, to Y where most of the crystals have their long axes normal to the plate

surface.




58 K.S.W. Campbell, R.E. Barwick, B.D.E. Chatterton, T.R. Smithson

Figure 12 Landscape image with the buccal surface towards the left side of the Figure. (a). back scatter SEM image
showing most crystals on the left with axes normal to the page, and more elongate crystals on the right. (b).
a greater enlargement showing randomly oriented crystals. (c—d). In (c) the vascular canal in the centre and
the one on the left have reversal edges around them transecting the dentine layers in the surrounding
material. Note the small dark spots which represent almost completely filled branches of the vascular
canals. On the right side of the Figure note the elongate vascular cavity with the concentric layers of tissue
surrounding it. Elsewhere on the Figure note the small formerly vascular spaces now almost completely
filled with layered tissue. (d). Similar view to (c) with layers of tissue surrounding several vascular canals.
Interpretation of both (¢ and d) given on Figure 13.
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Figure 13

Drawings of Figures 12 ¢~d showing the
layers of dentine, the margins of resorption
spaces into which new dentine grew, and the
vascular bundles in black. Some small
vascular bundles have been filled with
dentine. Some of the layered bands are
shown by dotted lines, their position
indicating the shapes of the layers and their
transgression by thick black reversal lines.
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the tooth plate during the development of the
mandibular dental plates. The same kind of
structure is found in C. australis, but it is not present
in Dipnorhynchus. In that genus the whole structure
is found to be covered in the internal face of the
mandible with small denticles of approximately
even size, which we interpret to be an initial variety
of such denticles (Campbell and Barwick 2000,
Figure 10D).

RELATIONSHIPS

At first sight, this genus is very reminiscent of
Dipnorhynchus sussmilchi and D. kurikae. The
external surface, where preserved, is cosmine
covered, the median length in the mandible is high,
the dental plates are made mainly of bone and
thickened dentine on the buccal surface, the
posteromedial edge of the prearticulars is formed of
a well rounded tuberosity based on bone, the
anterior furrow is well developed, the adductor
fossa is large and the palate is large and is
completely lacking in real teeth. In particular, the
structure of the dental plates is very different from
any dipnoan apart from the dipnorhynchids. Only
the primitive dipnorhynchids have plates in which,
at the lateral margins of the plate, the gross form is
altered by addition of new material differentially to
the contact between the dental plate and the
underlying bone. This produces a dental structure
that is thick and made of complex material. The
lateral margins of the dental plates grow by the
addition to the margins of small projections made
of the same material as the plates themselves. For
this reason alone we consider that Dipnotuberculus
must be placed in the Dipnorhynchina

On closer inspection, some differences from other
members of the Dipnorhynchina are apparent.
These are:

1. no dermopalatine plates are fused into the
palate;

2. the braincase walls are not fused to the top of
the palate;

3. the posterior wall of the skull is not heavily
ossified;

4. the median-posterior end of the dental plates on
the prearticulars stop well short of the posterior
end of the mandible;

5. the lateral marginal ridges on the prearticular
plates are absent or poorly developed;

6. the anterior furrow is open posteriorly;

7. the hard tissue of the pterygoids is not so
strongly ossified, and where the surface has
been eroded away, coarsely tubercular bone is
widely exposed;

8. there are no thick ridges in the adductor
chamber of the mandible for the attachment of
adductor muscles;

9. no large process is present on the dorsal palate;
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10. the preorbital/postnasal process was not
ossified, but was probably formed of cartilage.

As (Westoll 1949) showed, the evolutionary
history of Palaeozoic dipnoans shows many
features in common across the whole range of
genera. Many of these features were outlined in
tabular form by Westoll, and among the skull and
mandible characters he listed 17 features that
changed. Some of these features associated with the
dermal bones of the skull, are not preserved on the
Moroccan material, but others are well preserved.
Taking into account the discoveries of Westoll and
the new information which has been developed in
the subsequent 50 years, we note that items 1, 3, 4,
6, 8, 9 and 10, are features that occur in a variety of
dipnoans. In this sense such features are of little
value in estimating relationships, and if these were
fed into a database they would dominate the
features we consider to be fundamental to the
analysis of the material. The structure of the dental
plates alone allows us to signify its position without
reference to a cladistic analysis. We have not done
such analysis, for the reasons given above, and we
regard this new species as being a member of one of
the three basic types of dipnoans recognised by
Campbell and Barwick (1990).

Dipnotuberculus is regarded as a development of
the basic type represented by Dipnorhynchus.
Should this be so, it is clear that the group of
dipnorhynchids split up into the chirodipterid and
Moroccan types prior to the late Middle Devonian.
This is not surprising, as the method of breaking
down food by radial tooth plates is probably much
more efficient that the large tubercles observed in
dipnorhynchids. In fact, radial tooth rows
developed from bony dipnorhynchid plates as
shown by Speonesydrion, and radial patterns also
appear in other groups of organisms which used
their palates for biting. Examples are the
holocephalans and some sharks. The radially
arranged tooth rows with new material added at
the ends of each row, provides a basis for rapid
change in dental patterns and also for easy
modification of wear.

Another point which supports the
dipnorhynchid interpretation is the absence of a
separate parasphenoid on the buccal surface in this
new form. Campbell and Barwick (1985, 2000)
have shown that in Dipnorhynchus, no separate
parasphenoid is present on the buccal surface
between the posterior end of the pterygoids, and
other specimens of the same genus have confirmed
this interpretation. Some specimens of D. kurikae
show a possible edge on the parasphenoid on the
dorsal surface of the palate where the braincase
has been removed during preservation, but this
shows the edge of the parasphenoid as lying just
in front of the buccohyphophyseal canal. In
another member of the oldest group,

Sorbitorhynchus, a suture has developed between
the pterygoids and a clear parasphenoid is present.
We note that in Dipnotuberculus no sign of any
breaks appear on the broken surface across the
palate, and in this respect it is more like
Dipnorhynchus. The dorsal opening for the
buccohypophyseal canal is present on a ridge as
normally occurs in Dipnorhynchus and in
Uranolophus, but no evidence of such a break
occurs in its vicinity. We conclude that the buccal
surface of the palate was a single structure without
any sign of a median or parasphenoidal sutures.
The dorsal surface of Dipnotuberculus available to
us is too poorly preserved to determine if any
parasphenoidal boundary is present as in D.
kurikae. So far as we are aware, this arrangement
of the parasphenoid in ventral and dorsal views,
occurs only in dipnorhynchids.
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