






Tooth platesof Devonianlungfish Dipterus 109

Figure13 G2004.10.5B.A, in singlepolarizedlight; D, undercrossedpolars;and E with a gypsumplateanda Benford
Plate.A, core dentineis finely perforate.D, pulp canalssurroundedby dark layersof translucentdentine;
bandsaroundthe translucentdentineare modified interstitial dentine,grey in colour and forming quadrate
bands. E, zonesaround the pulp canalswider, and the interstitial dentine narrower than in D; circular
arrangementof the interstitial dentine bandsclearer; from middle of tooth to base, translucentdentine
becomesnarrower; in E rings of colouredbandsformed of altered transitionaldentinesurroundedby dark
interstitial dentine. B,C,F, G2004.1O.12.Three similar photosof a single tooth; significanceof the different
coloursexplainedin the text; F, emphasizesthe small new dentines on the lower side, and the larger more
openpulp canalsat the top wherenew translucentdentinewasbeingadded.
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Figure 14 G2004.10.5A. Single tooth. A, in single polarized light; B, under crossed polars; C, under gypsum plate; 0,
gypsum plate and a Benlord Plate. 0, slightly rotated, and interstitial dentine shows a more circular pattern.
E, G2004.1O.9. Three teeth on a single slide; also illustrated on Figures 4-6.
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And Tl1rt1c!UJlJllf!l1x has teeth as described above.
That is, there arc four types of plate formation
introduced in the Early Devonian. Only teeth of
the Tl1rl1c1lOllllf!l1x type are successful in the later
history of the Dipnoi. It has been shown that teeth
are added marginally in later dipnoans and have a
360 Myr history (Krupina 1995, Reisz and Smith
(20(H) and Smith and Krupina (2001).

All of these types are discrete; they cannot be
transformed from one type to the other. This then
raises the question of the origin of new structures at
a time when a major new development takes place
in evolution - in this case palatal rather than
marginal biting. This nlatter has been discussed in
works by Raff (1996), Shubin and Marshal! (2000)
and Minelli (2003). It is becoming apparent that the
introduction of new major features in the phenotype
is probably the result of production by gene
regulation. As Shubin and Marshall (2000, p. 331)
report. .. 'major evolutionary changes may not be
due to changes in the number or structure of genes
per se, but may be due to changes in their regulation
(Carrol!, 1995, 2000). Indeed the changes in the
spatial pattern and timing of the gene activity play
an important role in generating variation at both
small and large phylogenetic scales.' This article was
reviewed by Russell (2001). The new designs have a
genetic basis, and there is no way these designs can
be changed from one type to another.

If gene regulation is the controlling factor in
producing new designs in organisms with palatal
biting, as the above quotation indicates, similar
regulation factors may have operated on each of
the basic designs later in their history.
Consequently each of the tooth patterns found in
the Early Devonian could have developed new
structures, and these would be the basis for
outlining changes in the Middle and Upper
Devonian. So the use of c1adistic methods to
recognize relationships in these later forms will
involve comparison between genera which have
already separated into groups which have
separated by gene regulation. Hence comparison
of so-called synapomorphies will involve
comparisons which are convergences carried over
from the primitive forms which gave rise to the
original dispersion. For this reason the c1adistic
analysis of the kind given by Schultze (2001),
which uses the statistical methods to develop
character-state optimization, will be valueless.
Attention must be paid to such a possibility in
outlining the evolutionary pattern in late
Palaeozoic dipnoans A more complete discussion
is given in work on (Campbel! and
Barwick in press).
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