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ULTRASTRUCTURE OF TRICONODONT TEETH

Zhao Zikui Zhang Wending

(Institute of Vertebrate Paleontology and Paleoanthropolo gy, Academia Sinica)
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Summary

The enamel ultrastructure studies of the fossil and extant mammalian teeth have furnished
invaluable information for the clarification of evolutionary relationships, and in recent years
great attention has been paid to the subject of studying the ultrastructure of the teeth of early
mammals.

There is general agreement that the enamel of all recent mammals is characterized by a
prismatic structure. The prisms constitute the basic structural units of such enamel. Moss
(1969) believed that true prismatic enamel appeared only in the early Cretaceous Theria, and
that the enamel of all earliest mammals, such as Morganucodon, was non-prismatic and con-
tinuous with a sawtoothed pattern of the apatite crystals, whereas Osborn and Hillman (1979)
and Fosse et al. (1973) described prismatic enamel in non-therian multituberculates from
Cretaceous, and Grine et al- (1979) found it in primitive mammal Eozostrodon (Morganu-
codon) from the Rhaeto-Liassic age. Recently, the enamel structure of certain late Triassic
mammals: the Theria Symmetrodonta (Kuehneotheriidae), the Prototheria Multituberculata
(Haramiyidae) and the Eotheria Triconodonta (Morganucodontidae) has been investigared
(Frank et al., 1984; Sigogneau-Russell et al., 1984; Frank et al., 1986) and these studies have
reached the conclusion that the enamel in these early mammals possesses a structural pattern
defined as “preprismatic”.

In view of the differences between the results obtained by Grine et al. (1979) and by other
authors mentioned above, concerning Triconodonta, it would be significant to study the ena-
mel structure of the teeth in this group. Through courtesy of Professor Sun Ai-lin we were able
to examine with SEM the structure of the teeth in some triconodont. In this instance we used
for this study the following material: Morganucodon and Sinoconodon from lower Lufeng
Formation, Yunnan Province, and Eozostrodon (Morganucodon) from Wales, England. The

results are summarized below.
1. Ultrastructure of the teeth in Morganucodon

The material consisted of two premolars and a molar i» sitw in a fragment mandible. The
enamel layer of the teeth, which is in general thicker in the cusp area and becomes progressi-
vely thinner along the cervical region, is 15 to 60 um thick- SEM examination of the teeth show-
ed that the enamel consists of columns formed by hydroxyapatite crystallites. These columns
are juxtaposed one next to the other, extending from the enamel-dentine junction to the exter-
nal enamel surface, and not separated by an interprismatic substance or by a sheath. The dia-
meter of the columns changes from 4 to Sum. In each column, a repetitive orientation pattern
of the c-axes of the apatite crystallites with a pinnate disposition was observed (Plate, I, 1).
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They diverge the main longitudinal axis of the column at an angle of 10° to 20°, opening to-
wards the external enamel surface.

By comparing with the other known early mammals, it is obvious that the features of the
enamel structure in our specimens are very similar to those of unidentified triconodont teeth
from Rhaetic or lower Liassic age sediments in France and England, which were described
by Frank et al. (1986), and are also consistent with that of Eozostrodon observed by Osborn
and Hillman (1979) in the polarizing microscope. Such a description corresponds to one re-
ferred to the “preprismatic” enamel by Frank et al. (1984), based on their studies of the tooth
ultrastructure of late Triassic Haramiyidae.

No enamel tubules have been observed in our specimen. However, the dentine contains
numerous dentinal tubules, running from the pulp cavity towards the periphery. And the em~
pty tubules are seen in transverse planes (Plate I, 2).

2. Ultrastructure of a Sinoconodon tooth

The thickness of the enamel covering this tooth is 15 to 35 um. In the SEM preprismatic
enamel in Sinocondon, which is similar to that of Morganucodon mentioned above, can be
observed (Plate 1, 3). This structural pattern seemed to consist of 4 to Sum wide, closely pack-
ed columns of crystals, running again from the enamel-dentine junction to the outer enamel
surface. These preprisms are directly in contact with each other, without the intermediary of
an interprismatic phase. In each preprism, the apatite crystallites are diverged on each side of
the main longitudinal axis of the preprism with an angle of 10° to 20° open towards the enamel
surface. Besides,.the absence of enamel tubules in this enamel has also been confirmed.

SEM study of the sections of the tooth showed that there is rich in tubules in dentine, ex-
tending from the pulp cavity towards the periphery. On cross-sections, the lumen of these tu-
bules is blocked by amorphous calcified material which appeared to be acidresistant (Plate 1I,
1).

3. Ultrastructure of the teeth in- Eozostrodon

The material consisted of a canine and a molar. On the transverse sections, it can be seen
that the layer of the enamel covering the canine is thicker in the bucco-labial side and becomes
thinner towards the lingual side (Fig. 1A). On the contrary, the thickness of the enamel layer
of the molar is almost the same in both sides (Fig. IB). In the SEM we can see that the ena-
mel in these two teeth is made up of parallel columns referred to preprismatic, about 4 to 5
um in diameter, extending from the enamel-dentine junction to the outer enamel surface
(Plate 1I, 3 and 4). In each preprism, the hydroxyapatite crystallites are disposed from the main
longitudinal axis of the preprism at an angle of 15° to 20°, opening towards the enamel surface.

Our aformentioned observations do not corroborate the results described by Grine et al.
(1979). By SEM studies they found prismatic epamel in Eozostrodon teeth.

However, it is worth noting that another feature of the enamel in the molar was the pre-
sence of tubules running from the enameldentine junction. These could be possibly regarded
as enamel tubules (Plate 11, 3). They appeared fairly straight and parallel with the longitu-
dinal axes of the preprisms. In sections viewed in the SEM, some tubules were located between
preprisms, and some in the center of them. Osborn and Hillman (1979) also reported that the
enamel tubules were identified in Fozostrodon. On the contrary, no tubules were identified
in the enamel of the canine in the SEM.

The dentine of Eozostrodon teeth examined showed that it has abundant dentine tubules



—r

149 oS REMADY SREE AT BB o

(Plate 11, 2), which are similar to that of Morganucodon and Sinoconodon, mentioned above.
However, Grine et al. (1979) reported that the absence of dentine tubules in their observations
of Eozostrodon may be an artefact of preparation techniques.

On the basis of the foregoing results, we can see that the enamel of triconodont teeth from
the lower Lufeng Formation, Yunnan Province, China and from the Rhaeto-Liassic age sedi-
ments in Wales, England is non-prismatic, but consists of 4 to 5um in diameter, closely pack-
ed columns of crystals, which diverge from the main longitudinal axes of the columns with an
angle of 10° to 20° towards the outer enamel surface. This prismatic structure is consistent
with that described by Frank et al. (1986) in the unidentified triconodont material from France
and England, and is also similar to that of Eozostrodon reported by Osborn and Hillman
(1979).

So far, five orders of mammals are known from sediments of late Triassic and Jurassic
age, and are represented by fossils discovered in Europe, Asia, Africa and North America.
These are the Docodonta, the Triconodonta, the Multituberculata, the Symmetrodonta, and the
Pantotheria. In the existing literature, the same preprismatic structure is also found in primi-
tive multituberculates, Haramiyid (Frank et al., 1984) and plagiaulacoid (Fosse et al., 1985),
in docodont (Fosse et al., 1985), and in symmetrodont, Kuekneotherium (Sigdgneau—Russell et
al., 1984). Thus, it may be concluded at present from the reports mentioned above that the pre-~
prismatic structure is presence in non-therian and therian mammals from late Triassic and
Jurassic. And our own observations in triconodont teeth added evidence supporting the presum-
ption that the preprismatic enamel represents an intermediate structural stage between the
aprismatic enamel of reptiles and the true prismatic enamel of later mammals.
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