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Acanthodes Agassiz, 1833 to which many isolated
unornamented scales have been referred in the past.
Zidek (1976) considered Acanthodes as a nomen
dubium and Denison (1979) considered that many
Devonian scales attributed to Acanthodes are not
from that genus. Gross (1973) stated that scales
characteristized by unornamented crowns are
found repeatedly among members of the
acanthodian radiation. Wang (1984) also considered
that true Acanthodes only occur in lower
Carboniferous — Permian strata.

To date, the only articulated acanthodian known
from the Lower Frasnian of Australia is
Howittacanthus kentoni Long, 1986, recently placed
in its own family Howittacanthidae by Zajic (1995).
This family is considered to be closely related to the
Acanthodidae because of comparable features in the
jaw (Zajic, 1995). Like members of the Family
Acanthodidae the Howittacanthidae and
Mesacanthidae possess unornamented scales. This
Howittacanthidae is represented by a single species,
H. kentoni, and is only recorded from eastern
Australia.

Family Cheiracanthidae Berg, 1940
Genus Cheiracanthus Agasssiz, 1835
Cheiracanthus sp. indet.

Material Examined
46 complete scales (WAM 99.8.75-80)

Horizons
KT Beds 4, 9, 14, 21, 22 and OFB (Figure 1)

Description of Morphotype 5 (Figure 5A-B)

The crown is elongate, being longer than wide.
An ornament of between 10-12 raised parallel ribs
extends from the anterior edge to the posterior third
of the scale (Figure 5A-B). There is a narrow
unornamented rim around the margin of the scale
(Figure 5A). The anterior edge of each rib bifurcates
(Figure 5A). The anterior edge of the scale is
rounded and slightly overhangs the base. There is a
shallow mid-scale depression which is characteristic
for Cheiracanthus. The posterior edge of the crown is
pointed and overhangs the base. A well defined
neck separates the crown and deep, tumid base.
There are four openings visible in the neck (Figure
5B). Sharpey’s fibre bundles are visible on the base.

Description of Morphotype 6 (Figure 5C-D)

This scale type is rhomboid. The anterior margin
is rounded and the posterior margin is broken
(Figure 5D). The anterior and posterior edges of the
crown overhang the base. The crown surface
ornament consists of 6-8 parallel ribs, which
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bifurcate anteriorly (Figure 5C-D). The ribs extend
to the middle of the scale, disappearing towards the
back. There is a constricted neck and a deep tumid
base.

Description of Morphotype 7 (Figure 5E-F)

Morphotype 7 (Figure 5E-F) is very similar to
morphotype 6. The anterior and posterior crown
margins overhang the base (Figure 5H). The crown
ornament consists of eight parallel ribs, which
bifurcate anteriorly (Figures 5SF-G). The ribs extend
to the middle of the scale. The posterior margin of
the scale is scalloped. There is a constricted neck
and a deep tumid base.

Description of Morphotype 8 (Figure 5I-J)

The scale type is rhomboid in shape with a low
profile (Figure 51-J). The crown surface is very
abraded with only traces of the ribbed ornament
remaining (Figure 51). As with the other scales
described, there is an unormamented rim around the
anterior edge of the scale. The crown does not
overhang the base. There are four canals in the
neck, which separates the crown from the flattened
base. The base is shaped like a cross.

Description of Morphotype 9 (Figure 5G-H)

The specimens representing this scale type are
abraded. They have a rhombic to elongate shape
(Figure 5G-H). The posterior edge of the crown is
scalloped and overhangs the base (Figure 5G). The
ornament consists of 4-8 parallel ribs that bifurcate
anteriorly. There is an unornamented rim around
the margin of the scale. A well defined and
constricted neck separates the crown and deep
tumid base. The neck contains four canals. At the
junction of the base and neck, the base flares
laterally, approaching the width of the crown
(Figure 5H).

Histology

The crown is composed of orthodentine. In
sagittal section it can be seen that the main dentine
tubules do not possess many side branches (Figure
5K). This is characteristic of Cheiracanthus. A series
of growth zones can be seen along the anterior edge
in sagittal section and along the dorsal and lateral
edges in sagittal section. In the centre of the neck
three ascending canals are present. One of these
extends to the crown; the other two extend to the
neck. The base is acellular.

Allocation of scales to body region

A greater degree of variation is present in
acanthodian scales with crown surface ornament
than in acanthodian scales that are unornamented.
This is because the type of crown ornament may
vary in addition to the shape of scales, depending
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Figure 5

Scales identified as Cheiracanthus sp. A-B morphotype 5 - anterior body scales; C-D, morphotype 6 — flank

scale; E-F, morphotype 7 - flank scales; I-J, morphotype 8 — caudal scales; G -H, morphotype 9 - scales from
around the base of the fin spine insertion points; K, sagittal section of morphotype 1 scale. Scale bars = 0.1

mm.

on the region of the body that the scales are located.
The crown ornament in Euthacanthus macnicoli
shows considerable variation in the number of
ridges and the distance each ridge extends
posteriorly along the crown surface (Young, 1995).
A reduction in the length of the ridges on the crown
surface from the anterior region to the caudal region
of the fish is also observed in Diplacanthus horridus
(Figure 3). There is also variation in the base of
ornamented acanthodian scales. Gross (1973)
observed that the height of the base increases

towards the anterior of the fish in Machaeracanthus
bohemicus. Relatively high scales with tumid bases
occur in the anterior region of the fish, and scales
with low bases occur in the caudal region of the fish
(pers. observation). A greater variation in the shape
and height of scale bases is apparent in D. horridus
(Figure 3).

In Cheiracanthus sp., variation in the crown
surface ornament and in the height and shape of
the base can also be observed. Scales with a high
profile and deep tumid base also have the most
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numerous and longest ridges on the crown
surface, suggesting that these scales came from
the anterior region of the fish’s body
(morphotype 5). Scales in which the ridge number
and length are less, but which still retain a high
profile and tumid base (morphotypes 6 and 7),
are considered to have come from the flank
region of the fish. Scales that are relatively flat
and have ridges only in the anterior third of the
scale (morphotype 8), are interpreted as having
come from the caudal region of the fish. Scales
with a lateral extension above the tumid base
(morphotype 9) are considered to have come from
around the fin spine insertion points. These scales
have correspondingly shorter and fewer ridges on
the crown surface.

There are two characters that remain consistent
in the crown surface ornament of Cheiracanthus
sp. that suggest that all scales are from the same
species. These characters are: the bifurcation at
the anterior end of each ridge and the presence of
a narrow, raised lip around the anterior edge of
each scale. As with the Acanthodidae gen. et sp.
indet. scales described above, all scale types from
the different body regions present on
acanthodians are represented in the samples from
the Gneudna Formation. Accordingly, it is
concluded that all Cheiracanthus sp. scales are
from a single species.

STRATIGRAPHIC DISTRIBUTION AND
DEPOSITIONAL ENVIRONMENTS

Thelodont scales have been used to indicate
bathymetry in Early Devonian sediments. A higher
proportion of thelodont scales compared to
acanthodian scales is considered to represent
nearshore, or shallow water conditions (Marss and
Einasto, 1978; Turner, 1984, 1999; Burrow, 1997).
The microvertebrate assemblages from the type
section of the Gneudna Formation do not support
these findings.

Thelodont scales are proportionally most
abundant in the beds KT1-5, KT6-9 and KT10-18
(Figure 1). These beds, which consist of crinoidal/
brachiopodal packstone, have been interpreted as
representing a shallow nearshore environment. In
the beds KT6-9 ptyctodont remains (Long and
Trinajstic in press) are well preserved and in
some cases partially articulated, indicating lower
energy, offshore depositional conditions. Here
thelodont scales are more abundant than
acanthodian scales. In the upper part of the type
section, from KT19 to 22 and OFB, thelodont
scales are rare and acanthodian scales are most
abundant (Figure 1). According to Marss and
Einasto (1978) these proportions should indicate
an offshore environment. However, these beds
are interpreted as having been laid down in

K. Trinajstic

extremely shallow water, with sediments mainly
consisting of a well-sorted shell hash having a
high quartz content.

There are three possible reasons why thelodonts/
acanthodian scale number ratios do not provide
here a reliable environmental indicator in the
Gneudna Formation. During the Givetian and
Frasnian, the thelodonts declined in number and
diversity, with no thelodonts known after the
Frasnian. Thus the ratios of acanthodian to
thelodont remains may only be an effective
environmental indicator for the Early and Middle
Devonian, when thelodonts were diverse and
abundant, and not hold for the Frasnian. Evidence
to support this comes from the study of conodont
ratios, in particular the ratios of Icriodus to
Polygnathus, in the section. Like thelodonts, the
ratios of certain conodonts have been successfully
used as environmental indicators. In the Gneudna
Formation the conodont ratios (R. Nicholl personal
communication 1997) are consistent with the
lithological interpretations of the depositional
environments for each interval.

Secondly, many beds within the Gneudna
Formation have been extensively affected by
post-depositional dolomitization. Thin sections
of these beds show many fossil ghosts and the
micro-remains recovered from residue are
poorly preserved. The actual fossil ratios of the
dolomitized beds may be skewed due to preser-
vation bias as a result of diagenic changes.

Thirdly, it is considered that the microvertebrate
remains in the area where the type section of the
Gneudna Formation was deposited, with the
exception of those in bed KT7, have been
transported before deposition. Microvertebrate
remains are disarticulated and predominantly occur
in packstone, due to post-depositional
concentration. The Gneudna Formation is also
unusual in that there is a complete absence of
acanthodian fin spines in the section. The fish-
bearing units in the Gneudna Formation are
generally well sorted and the absence of
acanthodian fin spines could be explained through
winnowing.

The difference in the proportion of acanthodian
scales to thelodont scales does not provide any
bathymetirc information that would indicate the
depositional environment of the Gneudna
Formation.
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