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Figure 21 A, B. The two sides of WAM 86.9.625 before final etching. The structures shown in Figure 4 LM, were
etched from this individual. C. Specimen as found in the field. ANU 49285. Note details on the surface of
the scales, the fine structure of the lepidotrichs, and the anterior edge of the caudal fin. Scales = 5 mm.
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terminus, and are slightly concave indicating that
the ligament attachment to the haemal arches was
strong and presumably very flexible. The radials are
2 cm long on the anterior part of the fin, but six
radials back they shorten to about 1lcm. All the
radials are deeply embedded in the lepidotrichs,
most of which are rounded in cross section, but
others are flattened or have a quadrate section.

It is not known how many vertebrae are involved
with the caudal fin as no tail is complete. However,
there must have been at least 15 or 16 ossified
centra present on ANU 49116, and judging from the
shape of the caudal section, there could have been
at least another 10 beyond these. Some of these may
have been unossified.

A single specimen with the caudal fin attached to
a few scales (ANU 49285, Figure 21 C) is identified
as a specimen of Griphognathus because of its scale
surface. It has long proximal lepidotrichs and
ventrally it has an estimated 35 distal lepidotrichs.
The first distal lepidotrichs were thick and with
furrows along their inner surfaces. On the ventral
part of the fin, they number up to twenty elements
in each row. Some of the most distal lepidotrichs
are also preserved. They are of comparable length
to the more proximal ones, but they are only 0.3
mm in diameter. They also have a groove down
their median faces. It is not possible to count their
number, but on the ventral part of the fin it must
have been about fifteen in a single row. The tips of
the rays probably result from the splitting of the
elements, and this can be observed on a limited
scale. No lepidotrichs have cosmine on the surface.

The centra and haemal arches of the caudal region
of WAM 86.9.651 have been described above.

FUNCTIONAL SIGNIFICANCE OF MEDIAL
FINS AND BODY

In interpreting the postcranial structure of
Griphognathus, it is necessary to examine first the
head and the opercular region. The genus has a
large head with all its bones ossified, its mandible
tucked into its snout at full closure, and the whole
profile indicating that it was a bottom feeder
(Campbell and Barwick 1999, figures 2; 3). The
opercular is large and has a tight fit against the
pectoral lobe. The body scales are elongate, well
ossified and strongly overlapping. As shown by
Pridmore and Barwick (1993) the overlapping of
scales is such that the lateral parts of the body are
protected by 4-5 scale thicknesses. The ossification
of the head in association with the heavy scalation
and the shape and organisation of the scales,
support the view that the animal was a bottom
feeder.

The Flexibility of the Body
A number of factors enable us to comment on the
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flexibility of the body - the body shape, the shape
of the head, the scale pattern, the design of the
vertebral centra, the pleural ribs, and the pattern of
the neural arches. We deal with these matters as
follows.

(a) Pridmore and Barwick (1993) discussed the
fineness ratios of the species and compared them
with the values derived by Weihs and Webb (1983).
The values for G. whitei are in excess of what is
needed for cruising, sprinting or accelerating. The
head is flattened and had the form of a bottom
dwelling animal. The body tapers towards the
posterior end, but the anal and second dorsal fins
are close to the caudal fin.

(b) The scale pattern was explored by Pridmore and
Barwick (1993), and we do not wish to alter their
conclusions. On the flanks of the animal each scale
was overlapped by six other cranial scales, and
overlaps six more caudal scales. This would have
restricted the lateral movement of the body. More
caudally each scale ‘appears to overlap only three
scales, and to be overlapped by three others’. In
other words the caudal region would have been less
restricted.

(¢) The centra as described above are amphicoelous
throughout almost the whole body length. The
edges of the centra show evidence of strong inter-
vertebral soft tissues which would have controlled
the stiffness of the body.

(d) The presence of neural arches which are
attached to two centra would also have contributed
to this stiffness. The edges of the centra are more or
less in close contact (see Figure 12), though in life
they would have been more separated. This
suggests a restriction on the amount of lateral and
vertical movement.

(e) The nature of the ribs supports the interpretation
that the anterior part of the body was relatively
inflexible. The ribs were large, closely spaced,
postero-ventro-laterally directed, heavily ossified,
and with their faces closely spaced. Markings on
the rib surfaces indicate that they were well bound
into the myosepta, and the presence of nodes along
their distal and ventral edges suggests that
longitudinal muscles were firmly attached. The
orientation of the ribs shows that contraction of
these muscles would not have caused much flexure
of the body.

(f) The supraneurals and distal supraneurals are of
value in determining mode of movement. On the
anterior three segments the distal supraneurals are
flat, and the crests of the distal supraneurals have
ridges for the attachment of muscles. No doubt
these distal supraneurals were situated close to the
surface of the fish, and they lay in the myoseptum.
Although they are prominent features, specimen
AMEF 72402 shows that the surface was only gently
raised above the posterior surface of the head. The
muscles attached to the distal supraneurals must
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have been attached to the connective tissue beneath
the scale pockets or to the myotomes surrounding
the supraneural arches. These would make the first
few elements very stable as was suggested above
by the structure of the centra. This stability is not
matched by any other dipnoan, and the only
sarcopterygian (Hitchcock, 1995) with large
supraneurals is Eusthenopteron, which differs in
many details. Their function in G. whitei has to be
interpreted from first principles. Their stability
would provide strength at the back of the head for
the thrust generated posteriorly by the movement
of the posterior fins, and this allowed the head to
stir up the bottom sediment.

(g) The neurals and supraneurals extend for some
distance along the body, and these would have been
in a position to resist torsion when the animal
moved.

Flexibility of the body was limited; the greatest
flexibility was at the posterior, where the scales
were thinner and the body narrower.

From their investigation of the postcranial
material available to them, Pridmore and Barwick
(1993) suggested that sub-carangiform or
carangiform swimming was the norm for
Griphognathus. With this view we are in agreement
for the reasons given above. Other workers have
analysed the movement of the Devonian lungfishes
(Belles-Isles, 1992), and have concentrated on the
position of the fins. In our view fin position is only
one of the features, and it must be considered in the
light of the other characters listed above. Taking all
this into account, we now consider the medial fin
structure.

Role of the Medial Fins in Propulsion

The caudal fin is long, and it was slightly
upswept. The centra are well developed for a
considerable distance back into the caudal region,
and the haemal arches are well ossified. The caudal
radials are long, well ossified and extend well into
the lepidotrichs. The proximal lepidotrichs are
thick, and some are ovate in section indicating a
strong imbricate array. ANU 49285 shows that the
proximal lepidotrichs become rapidly shorter
dorsally, and the scales continue along the part of
the caudal fin preserved. There is no evidence of
scales preserved over the ventral proximal
lepidotrichs, but the presence of large scales
anterior to the lepidotrichs suggests that they were
present. The capacity to move the fins increased
towards the distal region of the fin. In comparison
with Dipterus, this species has an elongate mobile
part of the caudal fin.

The articulatory termini of the most anterior
haemal arches where the caudal radials were
attached, are markedly concave laterally, indicating
the presence of a large mobile attachment to the
radials, and considerable lateral movement of the
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radials. The attachment surface of the radials is
swollen, and the surface is surrounded by a
thickening. This pattern also indicates a strong
junction with the haemal arches. More posteriorly,
the ends of the haemal arches are flattened and join
with the flattened ends of the radials. This design
supports the argument that the tail was strong, that
movement of the ventral part of the fin took place
by lateral movement at the haemal junction, but
slighter movement took place more dorsally.
Strength was added to the movement by the
elongate radials which extended so far into the long
proximal lepidotrichs, and strong muscles which
leave grooves on both the haemal arches and the
radials. Movement of the caudal region must have
been interrelated with the action of the distal
lepidotrichs.

We have been unsuccessful in finding other
sarcopterygians with which to make comparisons
of the anal fin. Coelacanths, as represented by
Latimeria, have a support system which has almost
no features in common with Griphognathus, and its
axis has a single row of ossifications arranged in a
unique way. Eusthenopteron has some features in
common with three radials, but it has only a small
main support, only one set of radials and short
proximal lepidotrichs. It was a pointed fin situated
well in front of the caudal arch.

Judging from the shape of the haemal arches
which are bent back at a low angle to the axial
column in this region, the anal fin in Griphognathus
lay close up under the body. The fin supports are
variable in shape and number, sometimes having
only one unit and more commonly two. The
attachment edge of the main support is
dorsoventrally bifacial, with the lower face being
set approximately normal to the upper. Obviously
this allowed the support to move dorsoventraily
with respect to the animal body. To activate this
system, muscles must have run from the support
unit to the haemal arches. Such muscle scars are
present on the anterior part of the main support.
Scars are also present running posteriorly to the
surfaces where the radials were attached. These
must have been powerful muscles judging from the
deep grooves they leave in the surface of the
support unit. This dorsoventral movement raises an
interesting point, because the articulation gives no
indication that the lateral movement of the supports
was part of the design. This is understandable
because the main fin support is large and lies
between five pairs of myotomes which must have
provided lateral restraint. In addition, the radials
are heavily ossified, each joined by a flat surface to
the main support along a staggered line of junction
which did not provide a unified hinge for
movement, and joined to the main support by
strong muscles which ran along their lengths. The
proximal radials were quadrate in cross section, and
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had a strong face-to-face junction with similarly
shaped ends on the main support, indicating a
minimum amount of movement along this junction.
These are followed distally by a line of distal radials
with quadrate cross sections, and with strong face-
to-face junction with the proximal radials. These
distal radials extended from 1.0 to 1.5 cm into the
proximal lepidotrichs, which are thick structures
and are closely bound together. All this means that
most of the anal fin was a relatively rigid structure,
and the main movement of the fin was caused by
movement of the distal lepidotrichs, of which we
have little evidence. Such a view is supported by
the presence of a flattened surface at the
posteroventral end of the main support, and the
presence of lateral expansions on these flanges
being for the attachment of ligaments. These would
have been attached to the myotomes, and would
have stabilised the ventral end of the main support.

What would be the function of such a large anal
fin? Firstly, since it had some dorsoventral
movement, and when it was ventrally directed it
would lift the caudal region, an important point for
a bottom dwelling animal. This point is supported
by the shape of the head. Secondly it would have
acted with the caudal fin to produce a lepidotrichial
sweep also causing the tail to rise and forcing down
the head, but we have no indication of the presence
of distal lepidotrichs in our specimens. If they were
present they could also have acted with those of the
second dorsal fin conceivably to provide some
balistiform propulsion, but this is a suggestion
which awaits the discovery of the distal
lepidotrichs. Consequently we see the anal fin as
providing little in the way of propulsive force for
forward movement, but providing an uplift for the
posterior of the animal and providing propulsion to
push the head downwards during feeding from the
sediment.

The second dorsal fin is another complex
structure, as it is in most Devonian dipnoans. It has
a main and several ancillary support units, the main
one being several times as large as the others. The
attachment surface of the main support unit is
laterally bifacial, with its two facets so arranged that
lateral movement was possible with respect to the
neural arches to which it was attached. The
auxillary supports, the ventral edges of which have
no signs of attachment to the underlying neural
arches, and hence they were able to move laterally
independently of the main support. This is
supported by the fact that they all fit together along
closely placed margins, and they must have been
able to move one against the other. The whole
support structure of the fin is massive, and its
proximal part must have been largely enclosed
within myotomes. Distally it carries eight to nine
proximal radials, and these are followed by a set of
distal radials. The support units have elongate
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ridges and grooves which continue onto the radials,
indicating that the muscles joining them were
strong. Each distal radial has up to ten lepidotrichs
attached to it.

The attachment of the proximal radials to the
support structures does not form a straight line, but
consists of a series of offsets, the more ventral ones
being more posteriorly placed. Hence it does not
make a linear hinge, and the radials may have been
able to move independently of one another.

A most interesting point is the small anterodorsal
scar on the main support which has a small lateral
process on each side. Note that this is placed at the
anterior end of the support rather than at the
posterior as in the anal support, and that it is much
smaller. Assuming that small connections with the
myotomes were attached to these points, these
would not have had a stabilising effect on the
support, but would have given the structure an axis
along with the main support, around which lateral
movement would have taken place.

The first dorsal fin is poorly understood. The
attachment scar is bifacial dorsoventrally, again
indicating dorsal and ventral movement rather than
lateral. Assuming that we have interpreted the
fragments we have correctly, this fin would have
had short lepidotrichs and presumably they would
have an undulatory movement. They would have
been so small that they would not have been able to
propel the animal, and presumably they would
have been to provide stability, a feature mentioned
by Alexander (1970).

Summary of Locomotion

We conclude that the body shape does not
indicate fast movement, but that it had the capacity
to lift the tail and push the head down into the
substrate. The strength of the caudal region shows
that it acted as a gross propellant by movement of
the whole region in an undulose fashion. The
caudal fin would have been oar-like with the
junction between the haemal arches and the radials
flexible, proximal lepidotrichs embedded in robust
scales, and the distal fins being small with respect
to the whole animal.

This would be supported by the anal fin which
was rather a rigid structure and a with a capacity to
sit ventrally on the substrate. Its long lepidotrichs
indicate that movement would have been possible
mainly through the distal lepidotrichs, and their
position close up under the caudal fin, shows that it
would act with the caudal fin to lift the tail. The
posterior position of the second dorsal fin, its
position close to the body of the fish, and the
number of secondary support structures, indicates
that it would have acted to propel the fish forwards
if fully active and would have counterbalanced the
strong action of the caudal and anal fins where
necessary.
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COMPARISON WITH OTHER DEVONIAN
DIPNOANS

Centra

The specimens of Jarvikia and Soederberghia
worked on by Schultze (1970), are not complete,
and we have not been able to make useful
comparisons with them. The structure of the centra
in G. sculpta and G. minutidens provide the only
information against which the centra of G. whitei
can be directly compared. These also have been
described by Schultze (1970). The specimens he
described and figured on Pls 39 and 40, have centra
about 5 mm and 7 mm across, and in our terms it is
about the same size as our smaller individuals. Our
comparative comments have to be restricted to
these juvenile stages of growth.

The central core around the notochordal canal is
made of the same material in the two species, and
the marginal tissue as shown in Schultze (pl. 39, fig.
1b) is also comparable. Comparisons with the
lamellae are difficult to make, as we have not seen
the Liesegang Rings in our species. The large open
spaces in the lamellar region are also missing, and
G. sculpta does not have long narrow pores in the
lamellae.

One important point is that the centra and the
ribs of Griphognathus whitei are strongly ossified, as
also are the neural and haemal arches. Scaumenacia
and Fleurantia both have ossified neural and
posterior haemal arches, but their centra are not
ossified. In both these genera the ribs extend back
to the anterior end of the second dorsal fins, but in
Griphognathus there are at least 12 centra anterior to
the second dorsal fin before the most posterior ribs
appear.

Fin Structure

The postcranial skeleton of Dipterus valenciennesi
from the Middle Devonian, and Rhinodipterus
ulrichi, Scaumenacia curta, and Fleurantia denticulata
and Griphognathus sculpta and G. multidens from the
Late Devonian, have been described, and provide a
good basis for an understanding of the Devonian
postcranial skeletons. Of these, the material of
Rhinodipterus ulrichi is the least organised and
shows fewer elements of the skeleton than the
others. In addition the genera Barwickia Long and
Howidipterus Long from the Givetian of Victoria
have given us more information on Late Devonian
changes, but the detailed description is still in
preparation. Data on these genera have been made
available to us by Dr John Long of the Western
Australian Museum.

First we make a comparison with G. sculpta which
comes from the Frasnian at Bergish-Gladbach,
Germany. The median and anal fins are known
from distal skeletal units outside the scales, and so
no comparison with the fin support structures can
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be made. The ossified centra are present in the
posterior part of the skeleton, but they contain no
ossified haemal or neural arches. The lepidotrichs
are very similar to those on G. whitei.

G. whitei is closer to Dipterus in many respects
than it is to any other Devonian dipnoan, especially
in the supporting plates that underlie the first and
second dorsal fins and the anal fin. Scaumenacia and
Fleurantia have a simple anal fin support. Fleurantia
has a small support for the first dorsal fin, but this
also is a simple structure different from that in G.
whitei. Both these latter fish also have a second
dorsal fin composed of numerous radials each given
off from supraneural arches. These features are an
advance on the more primitive Dipterus stage in
which the second dorsal fin is short, and is not
closely associated with the caudal fins, which is a
feature of Carboniferous and later genera.

G. whitei has a main support plate and a variable
number of smaller plates carrying proximal and
distal radials. This does not mean that it is a
morphological intermediate between the Dipterus
level and the Fleurantia level for the following
reasons.

It has been commonly accepted that the support
structures for the median fins arose from the
junction of a number of parallel radials (Jarvik
1980). Ahlberg and Trewin (1995: 171) comment
that in the typical sarcopterygian “posterior dorsal
or anal fins support, comprising a basal plate and a
number of parallel radials, is derived from a row of
independent radials without a basal plate”.
Comparatively they indicate that a row of
independent radials “seems to be the primitive
gnathostome condition”, and that the basal plate
was formed from “fused basal segments of
originally separate radials”. This statement which
adheres to the view of metamerically sequential
units each giving rise to the radials, does not take
into consideration the possibility that at the origin
of the sarcopterygians there may have been a
sudden major change in the genetic control of fin
supports. After all, we see no record of any forms
earlier or later stratigraphically, which show
evidence of grouping of radials to make larger fin
supports. Miles (in Moy-Thomas and Miles 1971:
111) commented that “the first appearance of the
crossopterygians in the Lower Devonian is in a
disconcertingly fully developed condition, and in
structure they are quite distinct from
actinopterygians”. In the thirty years since then we
see no reason to change this statement, except that
the sarcopterygian genus Psarolepis may have come
from the Late Silurian.

In our view the fossil evidence supports the
concept that the preserved sarcopterygian primitive
condition consisted of a support unit, probably
without secondary support structures. Even in
genera with short second dorsal fins such as
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Dipterus and G. whitei there is evidence that two or
three distal fin radials may derive from a single
proximal fin radial, and this phenomenon can be
seen in the anal and the caudal fins of Chirodipterus
as shown in our collections from Gogo. The fin
structure of these forms indicates that the single fin
support gives rise to multiple divisions to produce
the complex structure of the fins.

As has been well known for many years (Dollo
1895, Westoll 1949) the shape of the medial anal
and dorsal fins together with caudal fins, have
produced a diphycercal organisation (Long 1993,
figure 7; Ahlberg and Trewin 1995, figure 11). It is
difficult to produce this long series of forms from a
primitive such as Dipterus, within which the fin
radials were supported from a single support plate
attached to a single neural arch. Most of this change
took place in the Devonian, and the only evidence
of change in the fin supports is towards the
reduction of the main supports and the introduction
of new ancillary supports. This is well illustrated by
the genera Barwickia Long and Howidipterus Long,
in which a main support lies at the anterior end of
the second dorsal fin, and an extended posterior
part of the fin made up of several radials each
attached to a single neural arch.

In G. whitei up to five secondary supports are
found behind the main fin support in the second
dorsal fin, the number varying from individual to
individual. The ventral edge of these secondary
supports is a sharp-edged linear strip without any
signs of an attachment edge. These supports are
totally confined to the fin, and they lie at an angle
to the neural arches beneath them. In other words
they have an entirely different origin from the
radials found in the graded sequence of genera such
as Scaumenacia and Fleurantia. In G. whitei the
second dorsal fin does not approach the caudal
region to make contact with an epichordal lobe. It
seems most likely that both second dorsal and anal
fins in G. whitei were developed to produce
structures permitting head down feeding, whereas
the development of the elongate fins which join
with the epichordal fin were used for free
swimming.

Neural Arches and Dorsal Elements

Few Devonian dipnoans preserve skeletons of the
neural regions. A summary of the data was given
by Schultze (1975), and some specimens were
figured by Lehman (1959). More recently described
species (Long, in prep) in which the axial region is
preserved, do not show any unusual features. Once
again, the best comparison is with D. valenciennesi.
Ahlberg and Trewin (1995, figure 9b) published a
reconstruction from a badly dismembered
specimen, but the supraneurals are long and thin
and highly inclined. They have no similarity to
those of G. whitei. As we have indicated in the
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section on function, the peculiar arrangement in G.
whitei is a specialisation related to its mode of
feeding.

Cranial Ribs

Cranial ribs occur in living lungfishes where
they are associated with air breathing. They are
attached to the back of the cranium rather than to
the vertebral column, they are wide paddle-shaped
structures, and they hang down posterior to the
cranium. The presence of cranial ribs does not
prove the presence of air breathing, because so
many other factors are involved in producing the
passage of air. Long (1993) discovered the
presence of these ribs in two genera from the fresh
water beds in the Givetian at Mt Howitt, in
Victoria, and they are associated with other
features of air breathing animals. We have
attempted to find such structures in G. whitei,
though air breathing would not be expected in a
bottom dwelling marine animal of this kind. To
date we can find no evidence of where they would
have attached to the cranium, and though we have
ribs attached to the first few vertebrae, we can find
no evidence of cranial ribs in our etches and this
correlates with the inflexibility of the neck which
was described above.
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