





A redescription of the lungfish Eoctenodus

Eoctenodus seems to represent an intermediate condition between that of Dipterus
and Ctenodus, and is here taken to represent an incipient stage towards the
ctenodontid line of evolution. The enlargement of the parasphenoid in dipnoans
is a specialised condition which may relate to the invasion of freshwater habitats
and the development of air gulping (Prof. K. Campbell, pers comm.).

The upper jaw toothplates are known from three examples in different stages
of growth, showing only the oral surfaces. The largest (holotype, Figure 1-B) has
a toothplate 16 mm long whereas the smallest (Figure 1-D) is almost complete
yet the toothplate is only 4 mm in length. The major changes observable with
this growth sequence are, firstly, in the ratio of toothplate (pterygoid) size
compared with pterygoid size (Table 1), showing a significant increase in the
growth of the pterygoid toothplate relative to the pterygoid. Secondly there is
an increase in number of tooth rows and cusps in each row, although this is
well known for dipnoans (e.g. Schultze 1977, Megapleuron). The angles between
the first tooth row and all other tooth rows (as measured according to Kemp and
Molnar, 1981 fig. 1) also differs considerably with growth (Table 2), a feature
noted for Neoceratodus by Kemp (1977).

Table 1 Changes in upper jaw toothplate: entopterygoid relative sizes with growth.

A. B. C.
MUGD 770 app. 4 mm app. 9 mm 44
MUGD 784 13 mm 24 mm 54
MUGD 775 17 mm 29 mm 59

A, maximum linear dimension of the upper jaw toothplate.
B, maximum linear dimension of the entopterygoid bone.
C, index A/B x 100.

Table 2 Changes in angle between tooth ridges relative to growth.

MUGD 775 MUGD 784 MUGD 770
Angle between tooth

ridge 1-2 14° 8° 6°
1-3 25° 10° 12°
1-4 31° 15° 17°
1-5 40° 17° 25°
1-6 50° 21° 39°
1-7 57° 26° -
1-8 62° -
1-9 66°
1-10 69°
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Figure 4  Eoctenodus microsoma Hills. Shoulder girdle bones. A, B, cleithrum in (A) antero-
lateral and (B) lateral veiws. MUGD 781, X3. C, anocleithrum associated with
MUGD 781, in mesial view, X3.

Figure 5  Eoctenodus microsoma Hills. A, B, anocleithrum, MUGD 781, in mesial (A) and
lateral (B) views. C, possible subopercular bone in mesial view, associated with
MUGD 775. am. r, anterior median ridge; d. pr, dorsal process; ov, overlap or
ligamentous attachment area.
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The following description of the upper jaw toothplate and entopterygoid is
based on the presumed adult condition exemplified by the holotype. The tooth-
plate is more ovoid in form than triangular, but is rather narrow relative to the
longest (anterolateral) axis. The first tooth row ridge is the longest, extending
noticeably further than the second ridge, and diverging from this ridge slightly
more than do the remaining ridges. Cusps closer to the centre of radiation of the
tooth ridges coalesce to form tooth ridges with an almost continual edge, although
the lateral edges of the toothplate show distinctly separate higher cusps with
apices directed laterally, similar to the figured condition in Delatitia (Long and
Campbell 1985, fig. 4-E). The posterior half of each tooth ridge is weakly
depressed relative to the rest of the tooth ridges, possibly due to wear. There are
10 distinct tooth ridges, numbering up to about 10 cusps on the first two ridges,
although there is some damage to the anterior of the first tooth ridge on the
holotype. On the smaller toothplates the cusps are more conical with deeper
clefts between the tooth ridges (Figure 1-C, D). The oral face of the entopterygoid
has a smooth surface which is gently concave, becoming thicker as a ridge
develops along the posteromesial edge that has a roughened margin for contact
with parasphenoid. The posterior wing of the entopterygoid splays out into a
rounded lateral process, as seen on MUGD 775 (Figure 1-C). The anterior region
of the entopterygoid narrows towards the base of the toothplate where an
anteromesial ridge develops, ending just posterior to the posterior limit of the first
tooth row. Theshape of the entopterygoid indicates that the quadrates were widely
spaced from the parasphenoid as in Ctenodus (Watson and Gill 1923).

The cleithrum in general is poorly known for Devonian dipnoans (e.g. Denison
1968, Schultze 1969), and although recent restorations have been given of this
bone for Scaumenacia (Jarvik 1980, vol. 1, fig. 335) and for Chirodipterus in
mesial view (Janvier 1980, fig. 12, Long 1985a, fig. 11), there is not a good des-
cription of this bone available for any Devonian lungfish. The cleithrum of
Eoctenodus (Figures 4-A, B; 5) is well preserved in lateral view with partial preser-
vation of the internal or mesial surface. Overall the cleithrum was mostly sub-
dermal with only a narrow lateral lamina being exposed externally (Figure 4-B). It
is characterised by having a narrow external lateral lamina (lat. 1) which is strongly
waisted ventrally, and by the extensive flat branchial lamina (br. 1). The lateral
lamina in Eoctenodus is quite narrow, being broadest at the dorsal margin which
is relatively straight. The ventral division of the lateral lamina is well rounded,
separated from the dorsally broadening upper half by a constricted waist. The
anterior edge of this external lateral lamina bears a strong thickening (th) which is
broadest anterior to the rounded ventral region of the cleithrum, where it forms
a short anteriorly directed mesial process (m.pr) for interlocking with the clavicle.
Immediately medial to this process is a concave smooth area for overlap with the
clavicle (ov. Clav). The branchial lamina extends forward from the lateral lamina
at an acute angle, meeting thislamina along a smooth contact ridge which develops
into a deep pit (p) at the ventral edge. The anterior margin of the branchial lamina
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is also thickened into an anterior ridge (an. r) which bears a small notch (n). The
lateral surface of the branchial lamina is smooth with a thickened low ridge
running almost vertically back towards the ventral pit. The dorsal (or anterodorsal)
margin of the branchial lamina shows a slight angle (a) where it meets this ridge.
The mesial surface of the cleithrum is not well preserved as it is obscured by
superimposition of the anocleithrum and lacks the anterior and ventral edges. All
that is shown by the cast is a smooth surface with a weak thickening parallel to
the posterior margin.

ov.Clav

Figure 6  Eoctenodus microsoma Hills. Attempted reconstruction of the shoulder girdle. a,
anterior angle of branchial lamina; ACI, anocleithrum; an. r, anterior ridge of
branchial lamina;br. 1, branchial lamina of cleithrum;d.d, dorsal division of cleithrum;
d. pr, dorsal process of anocleithrum; lat. 1, lateral lamina of cleithrum; m. pr,
median process of ventromesial surface of cleithrum; n, notch on the anterior apex
of the branchial lamina; ov. Clav, overlap surface for clavicle; p, mesial pit where
branchial lamina meets lateral lamina; th, lateral thickening of cleithrum; v.d,
ventral division of external (lateral) lamina of cleithrum.
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Figure 7  Eoctenodus microsoma Hills. Scale, NMV P 186565 in A, external and B, basal
view. X2,

The mesial surface of the anocleithrum (Figures 4-C; restored in Figure 5) is
found resting inside the cleithrum. The close association of these two bones
indicates that in life they were probably held together by ligaments, as most of
the material from Taggerty consists of detached, isolated bones. It is identified as
an anocleithrum by its large size relative to the cleithrum, close association with
the cleithrum, and by having a well developed anterior median ridge (am. r) and
long tapering dorsal process (d. pr). In these respects it corresponds with that of
other Devonian Dipnoi (Scaumenacia, Jarvik 1980, vol. 1, fig. 335; Chirodipterus
australis, Griphognathus whitei — A.N.U. specimens). Itis arather flat, irregularly-
shaped bone, approximately twice as long as broad, and was situated mesial to
the cleithrum, probably buried in the dermis (subdermal) as appears to be the case
in all the known dipnoans. A small part of the lateral surface of the anocleithrum
is preserved, showing some fine pitting close to the centre of the bone, and well
developed overlap ridges along both anterior and posterior margins (Figure 5).
The fine pitting on the lateral surface does not indicate that the bone was
necessarily part of the externally exposed shoulder girdle, instead it probably
functioned as a roughened attachment area for skin or ligaments. In Chirodipterus
australis the anterodorsal tip of the anocleithrum articulates to the rear of the
braincase (Prof. K. Campbell, pers. comm.), where it was probably joined by
ligaments in life. The long dorsal process of the anocleithrum of Eoctenodus and
Scaumenacia indicates that this may have been a specialised condition for dipnoans
as in other osteichthyans which possess an anocleithrum it serves merely as a
surface to accomodate movements between the dorsal and ventral divisions of the
pectoral girdle (Andrews and Westoll 1979a, b; Andrews 1972; Long 1985a,
19850).

There is a small bone preserved in mesial view on the same rock as the holotype
upper jaw. It is rectangular in shape, having a breadth/length index of 65 with a
well rounded posterior margin, and a broad overlap surface at the anterior of the
bone which narrows posteriorly along the dorsal margin terminating at the
presumed posterodorsal corner. This bone (Figure 5-C) corresponds both in size
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(assuming it is associated with the holotype upper jaw which gives an estimated
head size of 6 cm), shape and overlap margins to being either a subopercular or
branchiostegal ray (cf. Campbell and Barwick 1984, fig. 27-C). There are no
indications of ligamentous attachment areas as occur inside the opercular bones
(Campbell and Barwick 1984). The mesial surface is smooth with a shallow
depression running parallel to its long axis in the centre of the bone.

The scales of Eoctenodus have been described and figured by Hills (1929,
plate 18, figs. 3, 5, 6). In addition to Hills’ description it may be added that the
ornamentation comprises very fine wavy ridges which are sparsely distributed
over the externally exposed portion of the scale, which comprises about one-
third of the scale length (Figure 7). In this respect they differ noticeably from
scales of the Scaumenacia type (Jarvik 1950, fig. 33) which have a higher density
of ornamental ridges.

Relationships of Eoctenodus

The presence of a long, narrow occipital stalk on the parasphenoid, similar form
of the toothplates and tooth ridges, and cleithrum with very broad branchial
lamina indicate that Foctenodus is probably closely related to Ctenodus and other
ctenodontids. The presence of a similar type of parasphenoid, dentition and
cleithrum in Sagenodus, which shows more derived features of the skull roof
pattern than for Ctenodus (Miles 1977), would suggest placement of Eoctenodus
close to the base of the group containing ctenodontids and sagenodontids. Its
exact relationship remains indeterminate due to the paucity of present material.
The Frasnian occurrence of Eoctenodus would make it the oldest known member
of the ctenodontid-sagenodontid group, which are otherwise restricted to the
Carboniferous and Permian periods. Delatitia (Ctenodus breviceps Woodward
1906), from the Lower Carboniferous of Victoria, is the only other member of
this group which has been described from Australia (Long and Campbell 1985).
As this genus and Eoctenodus are both primitive relative to other ctenodontids it
is possible that the ctenodontid group may have originated in the East Gondwana
region.

Comments on other Australian records of the genus Dipterus

As Eoctenodus has now been shown to be a valid genus the presence of Dipterus
in the Australian Devonian remains to be shown. Two other reported occurrences
of Dipterus are from the Late Devonian (Frasnian) Gneudna Formation, Western
Australia (Dipterus cf. D. digitatus, Seddon 1969) and from the Famennian Hervey
Group, NSW (Dipterus sp. Hills 1936).

The two upper jaw toothplates from the Gneudna Formation which were
figured by Seddon (1969, plate 2) have been re-examined. The largest and better

309




A redescription of the lungfish Eoctenodus

preserved of the two specimens is shown in Figure 3-F. Both Miles (1977, page
292) and Dring (1980, unpublished Ph.D thesis, Geology Department, University
of Western Australia) have remarked on the similarity of these specimens to the
dentition of Chirodipterus australis, which occurs in the Gogo Formation, of
similar age to the Gneudna Formation. The chirodipterid type of dental plate is
generally distinguished from those of other Devonian dipnoans in lacking well
formed rows of discrete cusps, as in dipterid or ctenodontid tooth-plates, instead
showing bulbous, well-rounded ridges or swellings at the anterior end of the plate
which merge into the smooth depressed area comprising the posterior half of the
tooth-plate. The histology of the chirodipterid dental plate is also distinctive (Dr
Moya Smith, pers. comm.). In their shape, development and number of grooves
present, and approximate relative size of tooth-ridges the Gneudna dipnoan dental-
plates can be assigned to Chirodopterus australis with reasonable confidence. Chiro-
dipterus paddyensis Miles, also from the Gogo Formation, can be distinguished from
C. australis by the deeper grooves and higher, sharper tooth-ridges (Miles 1977),
and C. wildungensis Gross differs from both of these species in possessing well
formed tubercular cusps along the tooth rows (Save-Soderburgh 1952). Other
chirodipterid-type toothplates, such as those reported from the Middle Devonian
of Iran by Blieck et al. (1980, plate 1-18, 19) differ from Chirodipterus australis
by their narrower form and more pustulose, shorter tooth rows.

Dipterus sp. was reported by Hills (1936) from Gingham Gap, in the Hervey
Range, NSW on the basis of a single left upper jaw toothplate (Figure 3-E). In
having discrete round cusps set in rows which are well separated, and radiate out
to form almost a right angle from the first to last rows this specimen does appear
to be close to Dipterus in as far as dentition may allow such comparisons. A
radiating pattern of numerous separate cusps forming the tooth ridges also occurs
in Rhinodipterus, (Qrvig 1961), and Scaumenacia (Westoll 1949). However, other
dipnoan toothplates which are identical to the Gingham Gap specimen in their
shape, arrangement of cusps and angular radiation of tooth ridges are common in
the Famennian Hunter Siltstone, near Grenfell, New South Wales. This fauna is of
similar age and geographic location to the Gingham Gap fauna, and it would not
be unlikely that the dipnoan toothplates from these two locations could be
congeners or even conspecific. The resemblance to Dipterus in toothplate mor-
phology is, however, offset by the shape of the parasphenoid in the Hunter
Siltstone dipnoan. Two specimens of the parasphenoid (Australian Museum
F 56323, F 56155) from the Hunter Siltstone occur with the Dipterus-type of
toothplate, and as there is no evidence suggesting that more than one form is
present in the fauna it can be assumed that the parasphenoids belong to the same
species which possessed the toothplates. The parasphenoids have no similarities to
that of Dipterus as they have a square-shaped corpus and a very long occipital
stalk (ratio of corpus length to overall length being between 30-37%), thus being
closer in form to the parasphenoid of Ctenodus. A further distinction from
Dipterus is in the apical angle of the parasphenoid which is close to 90 degrees in
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the Hunter Siltstone dipnoan (approximately 70 degrees in Dipterus). If the
Hunter Siltstone dipnoan and the Gingham Gap dipnoan are congeners then they
do not belong to the genus Dipterus, but are more apomorphic than this genus in
the development of the parasphenoid. In conclusion the presence of Dipterus in
Australia cannot be confidently demonstrated.

The genus Dipterus is known from complete material only from the Middle
Devonian of Britain (Forster-Cooper 1937, Westoll 1949), and from partial skulls
and toothplates from Germany and Baltic Russia (Gross 1934, 1951, 1964), from
inland Russia (Obruchev 1940) and dubiously from North America (see discussion
in Denison 1951; Denison 1968). The reported Dipterus toothplate from Alaska
(Perkins 1971) appears to be similar to the chirodipterid dental plate type and
needs further investigation. Reed (1985) recognised the difficulties in determining
isolated dipnoan toothplates to genera and preferred to assign material from the
Late Devonian of Nevada into indeterminate taxa at the Dipterus grade of
organisation. A single worn, damaged toothplate of Dipterus was reported from
the Late Devonian of Iran (Janvier and Martin 1978) butdoes not reliably indicate
the presence of Dipterus from a Gondwana country when considering the nature
of the Hunter Siltstone dipnoan which has Dipterus-type dentition with an
advanced parasphenoid. The genus Dipterus occurs in Laurasian countries during
the Middle and possibly Late Devonian, but is not yet proven to occur in Australia
or any part of the East Gondwana Province (sensu Young 1981) during these
times.
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