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The concentrationof data in the lower left hand
corner representsthe large number of small
specimenscollected on the slabs representingthe
masskill. The smallernumberof larger fish is due
to at least two factors. Firstly fewer individuals
survive to be fossilised in their maturity. These
individuals occur singularly rather than on mass
kill slabs.The other factor is relatedto the habitsof
collectors.Large,well-preservedspecimensarewell
regardedin collections, so isolated examplesof
mediumsized fish may be overlookedwhen faced
with the prolific numbersof small individuals on
large slabs,and the few excellentlarge specimens.
Thus the distribution on the graph does not
necessarilyrepresentthe naturaldistribution in the
population.

ComparisonsbetweenCavenderichthysand
Leptolepis

TheHead
Thetypespeciesof Leptolepis,which is Leptolepis

coryphaenoides,and L. normandicadescribedby
Nybelin (1974), have severalsignificant differences
from C. talbragarensis, as well as the obvious
similarities (see Figure 18). The head of C.
talbragarensisis shorterthat L. nonnandicaand L.
coryphaenoides.Nybelin (1974) suggestedthat this
might be due to the shortnessof the frontal bones,
but Nybelin'sfigures1 and4 (Figure18A, 18B) show
the rostral is the bonethat is significantly shorterin
C. talbragarensis.Also in thesetext figures thereis a
large gap behind the upperjaw, resulting from the
largesizeof the infraorbital3 bone,which in both L.
coryphaenoidesand L. nonnandicais considerably
wider than the otherbonesin the infraorbital series.
In C. talbragarensisthe posteriorinfraorbitalsareall
aboutthe samewidth, allowing the preopercularto
come closer to the orbit. This arrangementis very
similar to Tharsis dubius, an Upper Jurassic
(Kimmeridgian) member of the Family
Leptolepididae(Figure 180). The other significant
differenceis that C. talbragarensislacksa suborbital
bone betweenthe infraorbital series and the
preoperculum,and once again this is a point of
similarity with T dubius.This is alsotied in with the
consistentwidth of the posterior infraorbital bones,
leading to an overall shorteningof the head in
comparisonwith L. normandica.In C. talbragarensis
the sizeof the orbit is relatively large, which means
that thedermalbonesoccupya restrictedspace,even
if the underlyingstructuresof the braincasearevery
similar in sizeto otherspecies.

Nybelin (1974) placed a great deal of emphasis
for classification on the sensorycanal systems,
especiallyon the preoperculumand the infraorbital
series.C. talbragarensiscertainlyhasfewer branches
on both these canal systems.Considering the
preopercularcanal,C. talbragarensishasa maximum
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of six undivided branchesof this canal.This is far
less than L. coryphaenoides(19), and less than L.
normandica(10), but quite similar to Leptolepides
sprattiformis(5). The latter (Figure 18C) also hasa
very similar jaw arrangementto C. talbragarensis.
Thesuborbitalcanalsystemon C. talbragarensishas
very few branches,possiblya few on the lachrymal,
definitely one on the infraorbital, but noneor very
few on the postorbitals.This is very different to L.
coryphaenoides,but quite similar to Leptolepides
sprattiformis.

The supraorbital sensory canal in C.
talbragarensisalsohasvery few branches.However,
Nybelin's (1974) figures IB and 4B show that on L.
coryphaenoidesand C. talbragarensis(Figure 18A,
18B) thepresenceof poresalongthecanalis similar.
There may be more pores present on C.
talbragarensisthan figured herein,but they are not
alwaysconsistentlyplaced.The back of the skull is
not includedin the diagrambecauseit hasnot been
possibleto clarify thearrangementof extrascapulars
and suprascapularsdue to poor preservation.The
presenceof a branch in the supraorbitalcanal just
abovethe position of the dermosphenoticis likely
sincethe posteriorbranchof thecanalterminatesin
the parietal,as shownby Nybelin (1974), and thus
the ventrally directedbranchshould be connected
to the infraorbital canal on the dermosphenotic.
This is the logical connection,as the lateral line
canal system has to be interlinked, and it is the
generalsituation in similar extant forms. Possibly
there is no connectionbetween these canals in
membersof the Leptolepididae,as figured by
Nybelin (1974),or possiblyit is presentbut hasjust
not beenobservedor described.

Comparisonof the text-figures from Nybelin
(1974) and thosefrom Patterson and Rosen(1977)
with the new reconstructionof the head of C.
talbragarensisindicatesthat the parasphenoidis a
valid point of comparison.Nybelin did not draw
the parasphenoidon either L. normandicaor L.
coryphaenoides(his figures 1 and 4), howeverthe
photographsin his plate 2 figure 2 and plate 4
figure 2 (L. normandica)and plate6 figure 1, plate
7 figure 1 and plate9 figure 4 (L. coryphaenoides)
the parasphenoidis quite clearly visible. This
omission in the drawings may have led to some
confusionbecausePattersonandRosen(1977) have
included the parasphenoidin diagrams of
Leptolepidessprattiformisand Tharsisdubius.It is
certainly an obvious characteristic of C.
talbragarensisasit bisectstheorbit, thuscomparing
verycloselywith theseotherspecies.

Theoperculumin C. talbragarensisis narrowerat
the top with its anterior and posterior margins
diverging ventrally to form an approximately
triangularshape,whereasin L. coryphaenoidesthe
anteriorandposteriormarginsarealmostparallel.

The skull roof is another region that requires
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Figure 18 Comparative reconstructions of heads. A LeptoJepis normandica from Nybelin (1974, text fig. lA). 13,
LeptoJepis coryphaenoides from Nybelin (1974, fIgure 4A). C, LeptoJepides sprattiformis from Patterson and
Rosen (1977, figure 49).0, Tharsis dubius from Patterson and Rosen (1977, fIgure 34).
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Figure 19 Comparative reconstructions of skull roof. A, Leptolepis coryphaenoides from Nybelin (1974, figure 4B). B,
Leptolepis normandica from Nybelin (1974, figure 18). C, Cavenderichthys talbragarensis, reconstruction
based on MMF13564 and MMF36728.

comparison. Neither Woodward (1895) nor
Cavender (1970) mention the existence of nasal
bones on C. talbragarensis, but they are preserved on
several of the studied specimens. The nasal bone
provides a protective tube for the sensory canal as it
leaves the frontal bone. In C. talbragarensis there is
often a quite prominent protective ridge on the

frontal, above the supraorbital, covering the sensory
canal. When this ridge is destroyed during
preservation the canal appears as a deep groove.
Just behind this covering ridge is a large pore
marking the position of the canal. Beyond this pore
the canal curves ventrally, sending a branch
onwards towards the parietal. It seems to end at the
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Figure 20 Nybelin (1974, figure 37). Comparison of skull roofs, illustrating the difference between families
Pholidophoridae s. str. and Leptolepidae s. str., exemplified by differences in relative size of the two
supramaxillae and by the nasal relation to the anterior end of the frontal. This figure shows Nybelin's ideas
about evolutionary trends in the form of the skull roof. Cavenderichthys talbragarensis would fit on the right
hand end of this series.

back of the parietal where it surfaces through a
pore. The branch of the canal heading in a ventral
direction passes into the dermosphenotic. Cavender
also noted this connection and went on to comment;
"This is a significant point of difference in the
cephalic sensory system of C. talbragarensis, since
the junction of the infraorbital and supraorbital
canals is known to be absent in Leptolepis (Patterson
1967)." (Cavender 1970: 15)

Another bone of contention is the hyomandibular.
Woodward (1895) did not mention it, but Cavender
(1970) describes the bone in C. talbragarensis in
medial aspect. "The upper portion is expanded into
a single broad, articulating head that shows a very
slight emargination toward the middle of the dorsal
margin. The basal half of the opercular arm is
partially differentiated from the expanded portion
of the hyomandibular and produces a convex
posterior margin. The distal (condylar) part of the
opercular arm is not ossified. A large opening is
visible near the centre of the expanded portion,
which is the foramen for the hyomandibular trunk
of the VII nerve. The ventral portion of the
hyomandibular is constructed like a slender pillar."
(Cavender 1970: 21)

He went on to say that he did not find "an
anterior laminar expansion from the upper part of
the hyomandibular which contacts the
metapterygoid, or an adductor ridge along the
postero-lateral margin where it contacts the vertical
limb of the preopercule." (Cavender 1970: 21)
Basing her diagnosis on her own observations and
Cavender's description, Arratia (1997) described a
"hyomandibular without preopercular process, but

with a well developed levator arcus palatini crest"
(Arratia 1997: 19). The latter feature has not been
observed by the author. It is found that this bone is
generally hidden in C. talbragarensis. On seeing the
dorso-ventrally flattened specimen (MMF13734a) in
the NSW Geological Survey collection it became
possible to interpret their descriptions. Nybelin's
(1974, figure 3) is very instructive (Figures 9C-E).

It seems clear from these comparisons that C.
talbragarensis does indeed have a preopercular
process on the hyomandibular, that it is not pointed
as in the Leptolepis specimens, but that it is
obviously serving the same function. The
articulation with the preoperculum will cause that
bone to be involved when the gill covering is
opened. This occurs when the lower jaw is
depressed and the opercular series (operculum,
suboperculum and interoperculum) are rotated
dorsally (Lauder 1982).

The same dorso-ventrally flattened specimen that
shows the hyomandibular (MMF13734a) also
exposes two complete lower jaws (Figure 2]). They
can be seen to have a deep, wide dent on the
ascending portion of the anterior margin. This dent
is not as constricted as the leptolepid notch shown
in Nybelin (1974, plate 5, figure 9) for L.
normandica, but it occurs in the same position. In
many of his plates, dentaries are shown that do not
exhibit a leptolepid notch, but Nybelin's (1974, plate
14, figure 2), Proleptolepis furcata shows a dentary
with a notch in the same place as in C.
talbragarensis. 11is description stated "a detached
dentary of Proleptolepis sp. shows, however, a
rather deep notch in its ascending anterior margin
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EVOLUTION
The rise of the teleosts began in the Triassic but

they flourished in the Early Jurassic when they

Rosen 1977, figure 22B), despite the numbers of
bones being the same in T. dubius and C.
talbragarensis. The other "leptolepid" with a similar
caudal arrangement is Leptolepides sprattiformis,
with three epurals, five uroneurals, seven hypurals
and one urodermals, see Figure 22C.

Patterson was also able to examine some
specimens of C. talbragarensis kept in the Natural
History Museum and comments (Patterson and
Rosen 1977: 144) that they only have three epurals,
not four as noted by Cavender. He saw six
uroneurals arranged as four long strap-like bones
and a posterior group of three shorter ones, as well
as two urodermals (Figures 12A, 12B).
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Figure 21 Cavenderichthys talbragarensis. Dorso-ventrally flattened head of MMF13734a. A, ventral view of flattened
head. 5, medial view of left hyomandibular. C, medial view of right mandible. 0, lateral view of right
mandible. E, lateral view of right hyomandibular.

and a similar notch is obviously present in the
holotype." (Nybelin 1974). This confirms that the
notch in the dentary of C. talbragarensis is
equivalent to a leptolepid notch.

The Caudal Skeleton
A caudal reconstruction (Figure 12C) corresponds

closely with those of Patterson and Rosen (1977,
figures 12A, 12B). The condition of the caudal
skeletons of L. normandica and L. coryphaenoides
is not clear, as there were not any well-preserved
specimens for Nybelin to describe. However,
Patterson and Rosen (1977, figure 22A) figured the
caudal skeleton of L. coryphaenoides. This shows a
caudal fin with three epurals, seven uroneurals, and
short neural spines on both preural centra 1 and 2.
It looks more similar to C. talbragarensis than the
caudal region of Tharsis dubius (Patterson and
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Figure 22 Comparative reconstructions of the caudal skeleton. A Leptolepis coryphaenoides from Patterson and Rosen
(1977, figure 3313), based on BMNH 32456, 32467, P42857 and P7622. 13, Tharsis dubius from Patterson and
Rosen (1977, figure 35), based on BMNH P.927. C, Leptolepides sprattiformis from Patterson and Rosen
(1977, figure 50), based on BMNH P926.
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rapidly achieved a worldwide distribution. Today
the Teleostei is the most abundant and diverse
group of vertebrate animal (about 29,000 species.).
The earliest teleost has been a matter of conjecture
over the years, with the leptolepids long being
considered one of the oldest representative groups
of teleosts. The pholidophorids arose in the Triassic,
a group that has more in common with the
holosteans than do the leptolepids. Gardiner (1960)
described a possible leptolepid from the Upper
Triassic of Tanzania, which he called Leptolepis
africana. This would have been the oldest leptolepid,
except that Nybelin's (1974: 168) re-examination of
the specimen led to its inclusion in the genus
Pholidolepis, a member of the Pholidophoridae. This
family was considered to be more primitive than
the Leptolepididae, but it is still a member of the
teleosts (Patterson 1982).

The teleosts arose from the holosteans grade
group, and replaced them as the dominant
actinopterygians during the Jurassic. Some
characters that are considered primitive in teleosts
by Arratia (1997) include the following: the
parietals suturing with each other; dentition on the
parasphenoid; the possession of a suborbital bone;
the absence of a preopercular process on the
hyomandibular; premaxilla being a slightly
triangular bone; absence of supramaxillae; position
of quadrate-mandibular articulation located below
the posterior of the orbit; having a leptolepid notch;
having epineural bones but not epipleural bones;
having four epurals; having a high number of
hypurals e.g., 10; 10 or more principal caudal rays
in the lower lobe; ganoid scales.

Cavenderichthys talbragarensis certainly has many
of the characteristics of an early teleost. It has a
small, mobile premaxilla, which is free from the
maxilla. This is an early teleost characteristic (Rosen
1982), as in later teleosts the premaxilla becomes
the dominant bone of the upper jaw, bearing all the
teeth. The maxilla is hinged in the ethmoid region
and swings anteriorly as the mouth opens. This
helps to prevent water spilling from the corners of
the mouth so encouraging food to be drawn into
the mouth. As the mandible is depressed the
operculum rises and rotates outwards, also
encouraging the through flow of water and food
(Lauder 1982).

The roof of the skull has a continuous suture
between the frontals and the parietals. This is
characteristic of early teleosts (Arratia 1985), but the
later trend is for separation of the parietals to allow
insertion of muscles. There also seems to be a trend
to a reduced number of tubules branching from the
sensory canals, certainly within the leptolepids if
not within all teleosts. In this respect C.
talbragarensis shows an advanced feature.

Actinopterygian locomotion involves two styles,
firstly caudal propulsion which is used for cruising
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and sprint swimming, acceleration and fast turns,
and secondly median and paired fin propulsion
used for slow swimming and in precise manoeuvres
(Webb 1982). C. talbragarensis makes use of both
these modes of swimming, with an emphasis on
caudal propulsion. The well-ossified axial skeleton
gives it strength, its homocercal tail outline gives it
a balanced force from the caudal area, while the
scooped out centre of the tail improves flexibility
and steady swimming. The low position of the
pectoral fin and the middle position of the pelvic
fins are early teleost characteristics (Gosline 1971)
as the trend is for the pectoral fins to rise while the
pelvic fins become placed in a forward position.
The collapsible dorsal fin can reduce drag during
fast swimming but can also be raised to act like a
keel, especially during tight turns. The light scales
have reduced resistance in unsteady swimming,
and they help to reduce the mass of the body (Webb
1982).

C. talbragarensis has a primitive location of the
pectoral and pelvic fins, and yet the arrangement of
the premaxilla and maxilla is one stage advanced
from primitive. Rosen (1982) commented, "changes
in jaw mechanics first arose, and in some cases
proliferated, in teleosts with a primitive fin
arrangement and morphology" (Rosen 1982: 269).
There is no inherent reason why characters should
evolve at the same pace. It is possible that the
advanced placement of paired fins did not become
a selective advantage until the jaw structure had
been modified significantly. The change in feeding
style allowed by the more advanced mouth may
have been aided by the forward placement of the
paired pelvic fins, closer to the centre of gravity of
the fish.

Considering Arratia's (1997) list of primitive
characters, C. talbragarensis has parietals with a
suture between them, the quadrate-mandibular
articulation appears to be below the middle of the
orbit, the leptolepid notch is wide, and it has
epineural bones. In these characteristics it is
primitive. However, many of its features are more
advanced than primitive as it has no dentition on
the parasphenoid, does not have a suborbital bone,
does possess a preopercular process on the
hyomandibular, has two supramaxillae, has
epipleural bones, has commonly three epurals,
seven or eight hypurals, nine principal rays in the
lower lobe of caudal fin, and has cycloid scales.

One of the major advantages of this study over
previous work is the large amount of material
included, namely approximately 240 specimens.
Thus it has been possible to assess the internal
variation and whether there is more than one
species in the population. The material includes a
range of sizes of the specimens and a range of states
of preservation, including at least one good
example of all the cephalic dermal bones and many
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examples of well-preserved fins and axial skeleton.
The major conclusion is that there is only one
species of fish originally called Leptolepis by
Woodward, not three as he proposed. This is
supported by a statistical analysis of the range of
dimensions of the specimens. There are certainly
other genera present in the population, but they will
be described in another paper. The leptolepids
represent a population with a preponderance of
young individuals, but also with a representative
sample of older individuals. Woodward's Leptolepis
gregarius is the juvenile form of C. talbragarensis,
while L. lowei, in which the head appears to be
elongated, is an artefact of preservation.
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