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Diplacanthid acanthodians from the Aztec Siltstone (late Middle
Devonian) of southern Victoria Land, Antarctica

GAVIN C.  YOUNG & CAROLE J .  BURROW

Young, G.C. & Burrow, C.J. 2004 06 01: Diplacanthid acanthodians from the Aztec Siltstone
(late Middle Devonian) of southern Victoria Land, Antarctica. Fossils and Strata, No. 50,
pp. 23–43. Australia. ISSN 0300-9491.

One articulated and several partial, semi-articulated specimens of acanthodians were collected
in 1970 from the freshwater deposits of the Aztec Siltstone (Middle Devonian; Givetian), Portal
Mountain, southern Victoria Land, Antarctica, during a Victoria University of Wellington
Antarctic Expedition. The Portal Mountain fish fauna, preserved in a finely laminated,
non-calcareous siltstone, includes acanthodians, palaeoniscoids, and bothriolepid placoderms.
The articulated acanthodian specimens are the most complete fossil fish remains documented
so far from the Aztec assemblage, which is the most diverse fossil vertebrate fauna known from
Antarctica. They are described as a new taxon, Milesacanthus antarctica gen. et sp. nov., which
is assigned to the family Diplacanthidae. Its fin spines show some similarities to spine fragments
named Byssacanthoides debenhami from glacial moraine at Granite Harbour, Antarctica, and
much larger spines named Antarctonchus glacialis from outcrops of the Aztec Siltstone in the
Boomerang Range, southern Victoria Land. Both of these are reviewed, and retained as form
taxa for isolated spines. Various isolated remains of fin spines and scales are described from
Portal Mountain and Mount Crean (Lashly Range), and referred to Milesacanthus antarctica
gen. et sp. nov. The histology of spines and scales is documented for the first time, and
compared with acanthodian material from the Devonian of Australia and Europe. Distinctive
fin spines from Mount Crean are provisionally assigned to Culmacanthus antarctica Young,
1989b. Several features on the most complete of the new fish specimens – in particular,
the apparent lack of an enlarged cheek plate – suggest a revision of the diagnosis for the
Diplacanthidae.

Key words: Acanthodii; Antarctica; Aztec Siltstone; Devonian; Givetian; new genus
Milesacanthus; Diplacanthidae.

Gavin C. Young [gyoung@ems.anu.edu.au], Department of Earth and Marine Sciences,
Australian National University, Canberra, ACT 0200, Australia

Carole J. Burrow [C.Burrow@uq.edu.au], Department of Zoology and Entomology, University of
Queensland, QLD 4072, Australia

Introduction
Devonian fish were discovered in Antarctica during the
British Antarctic “Terra Nova” expedition of 1910–1913,
when T. Griffith Taylor’s party explored the coast of

Abbreviations used in figures
adfs, anterior dorsal fin spine; adfw, web of anterior dorsal fin; admfs, admedian fin spine; anfs, anal fin spine; apectfs, allochthonous pectoral fin spine;
br, branchiostegal rays; c, canal; cb, thin canals of base; cc, central spine cavity; cf, caudal fin; cnb, circumnaral bones; cob, circumorbital bones; dc, dorsal
“cone” of procoracoid; dp, indeterminate dermal plate (?sarcopterygian scale); fs, fin spine; gr, crown groove; gz, crown growth zones; il, inner layer of
spine; ins, inserted part of spine; ioc.pt, post-orbital part, infra-orbital sensory line; lms, left mandibular splint; lc, main lateral sensory line; lsc, left
scapulocoracoid; ol, outer layer of fin spine; os, scales from another fish; osc, scapulocoracoid from another fish; p, pores; pc, canals of pore canal system;
pdfs, posterior dorsal fin spine; pdfw, web of posterior dorsal fin; pectfs, pectoral fin spine; pectfw, web of pectoral fin; pelvfs, pelvic fin spine; pfc,
profundus canal; ppfs, pre-pelvic fin spine; pro, procoracoid; r, crown ridge; rms, right mandibular splint; rsc, right scapulocoracoid; scc, subcostal
canal; sl, sensory line; sp, indeterminate spine; tess, head tesserae; vp, ventral plate of procoracoid.

Victoria Land in the summer of 1910–1911. These were
the first Devonian fossils, and the first fossil vertebrates,
to be discovered on the Antarctic continent. Fossil fish
remains discovered in glacial moraine at Mount Suess,
near the mouth of the Mackay Glacier in Granite Harbour
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(locality 2 in Young 1988, fig. 3), were assumed by
Debenham (1921) to derive from the thick sequence of
sedimentary rocks called the “Beacon Sandstone”, well
exposed in the region of the lower Ferrar and Taylor
Glaciers. Woodward (1921) described the material,
identifying eight taxa of Devonian fishes.

The first in situ material was collected in the Skelton
Névé region, over 100 km to the south, during the Trans-
Antarctic Expedition of 1955–1958 (Gunn & Warren
1962). This small collection was described by White
(1968). Many new fossil localities were discovered in the
same area during the 1968–1969 summer field season of
the New Zealand Antarctic Research Program (NZARP).
The main fossil fish collection, from the Aztec Siltstone,
Taylor Group, Beacon Supergroup (see McKelvey et al.
1972; McPherson 1978), was made by a Victoria
University of Wellington Antarctic Expedition (VUWAE
15) in the 1970–1971 field season. Later expeditions
(1976–1977, 1988–1989, 1991–1992) also collected mate-
rial from new localities in the Cook Mountains (Woolfe
et al. 1990; Long & Young 1995, fig. 1), 100 km to the
south of previously known sites (M. A. Bradshaw,
NZARP, event 33; J. A. Long, NZARP–ANARE). Descri-
ptions, based mainly on material in the 1970–1971
VUWAE 15 collection, show the Aztec fish fauna to be
one of the most diverse known assemblages of Middle–
Late Devonian age, including representatives of most
of the major vertebrate groups: thelodont agnathans
(Turner & Young 1992), chondrichthyans (Young 1982;
Long & Young 1995), placoderms (Ritchie 1975; Young
1988; Long 1995), sarcopterygians (Young et al. 1992),
and acanthodians, actinopterygians and dipnoans (Cam-
pbell & Barwick 1987: fig. 2; Young 1989a, b, 1991). The
last three groups are not fully described. Forty-two taxa
were listed in the Aztec fauna by Long & Young (1995,
table 1).

In this paper we describe the only articulated acan-
thodian remains from the Aztec fish fauna, plus other
isolated material, collected during the 1970–1971 expedi-
tion, and we revise earlier descriptions of acanthodian
remains by Woodward (1921) and White (1968). Wood-
ward (1921) compared isolated acanthodian scales from
the Granite Harbour material with those of Cheiracanthus
murchisoni from the Middle Devonian of Scotland. White
(1968) described acanthodian spines of several types from
two localities (Boomerang Range, Mount Crean), one of
which (“Cosmacanthus? sp.”) is probably a placoderm
spinal plate (Denison 1978). Ribbed spines from the
upper fossiliferous horizon in the Boomerang Range were
referred to a new species of the genus Gyracanthides,
originally described by Woodward (1906) from the Early
Carboniferous of Mansfield in Victoria, Australia. This
taxon was recently redescribed by Warren et al. (2000).
White (1968) also erected a new genus and species,

Antarctonchus glacialis White, and correctly identified
as acanthodian spines the fragments originally described
by Woodward (1921) as an antiarch (Byssacanthoides
debenhami Woodward). Other acanthodians in the Aztec
fish fauna include Culmacanthus antarctica Young, 1989b
from Mount Crean, and a set of articulated jaws (Long
& Young 1995, table 1, “Ischnacanthid gen. indet.”).
Elsewhere in Antarctica, acanthodian spines (Machaera-
canthus) have been recorded from the Early Devonian
of the Ohio Range (Young 1986) and the Ellsworth
Mountains (Young 1992).

Localities, stratigraphic
occurrence and age
A locality map for the 24 fossil fish localities of the
1970–1971 and earlier field seasons in the Granite
Harbour–Skelton Névé region of southern Victoria Land
was published by Young (1988, fig. 3), when full locality
details were given. The same map has been published by
Young (1989a, fig. 2; 1991, fig. 15.4), Young et al. (1992,
fig. 2), and Turner & Young (1992, fig. 1). The material
dealt with here comes from localities 2, 4, 8, 11, 12 and 20
on that map.

Young (1989a, 1991) noted that remains of ribbed
acanthodian spines occurred at most Aztec fish localities,
but this is not accurate, and a more detailed survey of
the whole collection indicates that they are confined
to the lower and middle horizons of the Aztec sequence.
The lowest record is an incomplete spine (Young 1991,
fig. 15.7a) from the top of the Beacon Heights Orthoquar-
tzite at Mount Fleming (locality 4 in Young 1988, fig. 3).
Antarctonchus glacialis White, 1968 was based on fin
spine impressions from two localities. The type locality
(MS2 of Gunn & Warren 1962) is in the Boomerang
Range (Young 1988, fig. 3, locality 20), from a horizon
probably some 70 m above the base of the formation
(Young 1988, p. 9). The only spine from the second local-
ity (MS5 of Gunn & Warren 1962; Mount Crean, Lashly
Range) may not belong to this species. The upper horizon
of the original Mount Crean collection may approximate
to Unit 8 of Section L2 of Askin et al. (1971), but cor-
relations are uncertain, as discussed by Young (1988,
pp. 12, 13). Among the extensive fish material collected in
1970–1971 Young (1988, pp. 12, 13) noted indeterminate
acanthodian remains from collection sites MC1–3 at
the Mount Crean locality, and Units 4 and 14 at Portal
Mountain (localities 8, 11, 12 in Young 1988, fig. 3). This
is the material described in this paper.

The Aztec fish fauna is now considered to be somewhat
older than the initial age assessment of Upper Devonian
(see discussion in Young 1993). It was referred to the
late Middle Devonian (Givetian) by Young (1996), and
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Turner (1997) considered the thelodont Turinia antarc-
tica to be of early Givetian age; this taxon identifies the
lowest two zones in the biostratigraphic scheme for
the Aztec sequence proposed by Young (1988, fig. 5). The
material referred below to Milesacanthus antarctica gen. et
sp. nov. comes from equivalent horizons at Mount Crean,
and also from the slightly higher “portalensis” biozone
at Portal Mountain. The type locality for Antarctonchus
glacialis White is higher in the Aztec sequence, at a level
which has yielded spines of the acanthodian Gyracan-
thides warreni White, 1968, and phyllolepid placoderm
remains in the Boomerang Range. These occurrences
(70 m above the base of the Aztec Siltstone) were con-
sidered to be anomalously low by Young (1988, p. 14),
because both phyllolepids and Gyracanthides are indica-
tors of the youngest Aztec biozone. However Long &
Young (1995) recorded both rare phyllolepid remains
and Gyracanthides from a similar level in the Aztec
sequence at the “Fish Hotel” site in the Cook Mountains.

On present evidence, all of the acanthodian material
dealt with here is probably Givetian in age, with a possible
stratigraphic separation between lower (Byssacanthoides,
Milesacanthus) and upper (Antarctonchus, Gyracanthides)
acanthodian occurrences in the Aztec sequence. Smooth
ribbed spines with radiating internal structure similar to
those described below occur in the European Devonian,
but on present data do not improve the age resolution
for the Aztec fish fauna, as they are both older (Onchus
overathensis, Pragian) and younger (Devononchus con-
cinnus; early Frasnian) than the Givetian age assumed
here.

Material and methods
Most of the fish material from the Aztec Siltstone is
preserved as light-coloured bone in a darker siltstone
or fine sandstone matrix, and has been prepared by
mechanical removal of the matrix or by removal of
bone to give impressions for latex rubber casting. An
articulated acanthodian on specimen ANU V773 was
mechanically prepared some years ago by Dr A. Ritchie
(Australian Museum), and we are uncertain about some
important structures that could have been lost during
preparation. Thin sections often show well-preserved
histology in the fin spines, and a few calcareous beds
dissolved in acetic acid have yielded scales which are well
preserved both morphologically and histologically. In this
paper we deal only with the 1970–1971 and earlier collec-
tions of acanthodian material, plus some acid-prepared
scales from the Mount Crean locality collected later,
and made available by Dr John Long (Western Australian
Museum).

The material described or mentioned here is housed
in the Department of Earth and Marine Sciences, Austra-
lian National University, Canberra (ANU V), the Austra-
lian Museum, Sydney (AMF), the National Museum of
Victoria, Melbourne (NMV P), the Western Australian
Museum, Perth (WAM), the Natural History Museum,
London (NHM P), and the Institute of Geological and
Nuclear Sciences, Wellington, New Zealand (ex-New
Zealand Geological Survey; GS).

Systematic palaeontology

Class Acanthodii Owen, 1846
Family Diplacanthidae Woodward, 1891

Revised diagnosis. – Acanthodians with: a short mouth
and cheek region; mandibular splint (sensu Watson
1937); no teeth or dermally ossified tooth plates; a
high cylindrical scapular shaft and triangular posterior
flange on the scapulocoracoid; some with a procoracoid;
circumorbital bones plus a pre-opercular, or cheek plate
and/or up to five pairs of flattened branchiostegal rays;
ornamented scales with acellular dentine and wide canals
in the crowns, and acellular bases; fin spines ornamented
with smooth longitudinal ribs paralleling the leading
edge of the spine; dermal shoulder girdle sometimes
incorporates paired pinnal plates; admedian fin spines
ventromedial to the pectoral fin spines; some with one
pair of pre-pelvic series fin spines (sensu Wilson 1998);
unpaired and pelvic fin spines deeply inserted into the
body musculature.

Remarks. – Three orders are “classically” recognised
within the Acanthodii: the Climatiiformes, Acanthodi-
formes and Ischnacanthiformes Berg, 1940 (Climatiida,
Acanthodida, Ischnacanthida of some other workers;
e.g. Denison 1979). Of these, the Climatiiformes may be
paraphyletic (Janvier 1996), while one dorsal fin spine
and dentigerous jaw bones of dermal origin may be
synapomorphies of the Acanthodiformes and Ischnacan-
thiformes, respectively. Hanke et al. (2001) revived the
order Diplacanthiformes Berg, 1940, first established to
include only the Diplacanthidae Woodward, 1891, with
diagnostic characters (as listed by Berg 1940) based on
Diplacanthus Agassiz, 1844. Hanke et al. (2001) added
the families Gladiobranchidae and Tetanopsyridae (Ber-
nacsek & Dineley 1977; Gagnier et al. 1999), but did not
revise the diagnosis for the Diplacanthiformes.

Shared derived characters of the three “diplacan-
thiform” families proposed by Hanke et al. (2001) are:
toothless blade-like jaws, some enlarged circumorbital
plates, scapulocoracoid with enlarged posterior flange,
and dermal hyoidean gill covers. Hanke et al. (2001)



FOSSILS AND STRATA 50 (2004)26 Gavin C. Young & Carole J. Burrow

heralded a forthcoming cladistic analysis of the acan-
thodians, which might clarify the relationships between
the Diplacanthidae, Tetanopsyridae, Gladiobranchidae
and Culmacanthidae Long, 1983. Some characters listed
by Hanke et al. (2001) to unite the first three families may
be tenuous, with many climatiids also having posterior
flanges on the scapulocoracoid, branchiostegal rays
(equivalent to dermal hyoidean gill covers), and circu-
morbital plates of a similar size to those of Tetanopsyrus.
Hanke et al. (2001) differentiated the Tetanopsyridae
from the Diplacanthidae by the former lacking pre-pelvic
and admedian spines, dermal plates in the shoulder
girdle, cheek plates, and mandibular splints, and in
having ossified jaws (the “toothless plates” in the Tetano-
psyridae may be part of the perichondral ossification
of the jaw cartilages, thus differing from the dermal
dentigerous jaw bones of ischnacanthiforms). The Gla-
diobranchidae differ from the Diplacanthidae in having
pre-pectoral spines, and lacking scapular shafts with a
circular cross-section. The Culmacanthidae (only genus,
Culmacanthus) is distinguished from the Diplacanthidae
by the very large cheek plate, three distinctively orna-
mented dermal shoulder girdle bones, and scale mor-
phology. Culmacanthus also lacks pre-pectoral, pre-pelvic
and admedian (= “first intermediate”) spines. The
“admedian” spine is positioned ventrally between the
pectoral spines, and in Diplacanthus striatus is attached
to a pinnal plate. Miles (1973a) referred to this spine as
the “first intermediate” spine, but it seems unlikely that it
was part of the pre-pelvic series (sensu Wilson 1998; new
terminology replacing “intermediate” fin spines).

At this time, little concrete support exists for uniting
these families in a higher group Diplacanthiformes. Long
(1983) united the Culmacanthidae and Diplacanthidae
in the suborder Diplacanthoidei, first erected by Miles
(1966) for the single family Diplacanthidae, but Hanke
et al. (2001, p. 752) considered many features of Cul-
macanthus to be “completely different from those of
diplacanthids” (see below). As we consider that the higher
level classification of acanthodians outside the Ischnacan-
thiformes and Acanthodiformes is currently unresolved,
we have not assigned the Diplacanthidae to an order.
Our amended diagnosis is modified from Denison (1979)
to incorporate new features described below. We include
three genera (represented by articulated remains) in
the Diplacanthidae: Diplacanthus, Rhadinacanthus, and
Milesacanthus gen. nov.

Genus Milesacanthus nov.

Type species. – Milesacanthus antarctica sp. nov.

Etymology. – After Dr Roger Miles, who has made a major
contribution to the study of Palaeozoic fishes generally,

and to acanthodian fishes in particular; and “akantha”
(Greek) for “thorn”.

Diagnosis. – Diplacanthid acanthodians with: four pairs
of flattened, ornamented branchiostegal rays; elongated
bones edging the orbit posteriorly; scapulocoracoid
expands ventrally to a relatively short triangular base;
procoracoid comprising an upper cone and ventral plate.
Paired pectoral, admedian, and pelvic fin spines; fin
spines up to 8 cm long with a subcircular/subtriangular
cross-section, and up to six smooth longitudinal ribs per
side decreasing in width posteriorly, plus a wider leading
edge rib. Unpaired and pelvic spine fin webs extend to the
tip of the spine; anterior dorsal and anal fin spines are
slightly curved and of comparable length; pelvic and pos-
terior dorsal fin spines are slightly shorter and relatively
straight with four or five ribs per side; admedian spines
are short and conical. All spines have a large central
pulp cavity, lack a subcostal canal, with narrow canals
radiating out from the central cavity. Flank scales are
ornamented with 14–24 subparallel ridges or grooves
extending from the anterior edge to at least midcrown;
scales have a pore canal system in the anterior part of the
crown with pore openings in the crown grooves and the
lower neck, fine dentine tubules and canals rising up from
the base/crown boundary and curving over into the upper
horizontal parts of the crown growth zones.

Milesacanthus antarctica sp. nov.
Figs. 1–5, 6H, O–R

Synonymy. –

1921 Cheiracanthus sp. – Woodward, p. 56, pl. 1, figs.
12, 13

1968 Antarctonchus glacialis – White, pp. 11, 12 in pars
1988 “acanthodians” – Young, pp. 12, 13
1989a “partly articulated material . . ., with fin webs,

spines, and much of the scale cover preserved,
resembles the Middle Devonian Scottish form
Diplacanthus” – Young, p. 51

1989a “acanthodian scales from Mount Fleming” –
Young, fig. 4C

1991 “acanthodian ...” with “diplacanthid affinity” –
Young, p. 549

1992 “some additional acanthodians” – Turner &
Young, p. 90

1993 “Cheiracanthoides comptus” – Young et al., p. 248
2002 “diplacanthid acanthodian” – Burrow & Young,

p. 194

Etymology. – From Antarctica.

Holotype. – “Fish 1” on Portal Mountain sample ANU
V773.
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Other material. – New material referred to this species
comes from two localities and horizons at Portal Moun-
tain, and several collecting sites at Mount Crean (speci-
men numbers listed in the next section). Isolated
elements include fin spines (ANU V775, 776, 778, 779,
860, 880, 890, 968, 969, 1178, 2165, 2174, AMF 55623,
55859, 55886, 55873; Figs. 4B–D, 5C), scale patches
(Fig. 4D) and individual scales (ANU V893; Fig. 6Q, R),
thin sections of scales and spines (WAM 03.1.1, 2, ANU
V2163; Figs. 3C, D, 5A, B, D, 6H, O, P), and a possible
neurocranial element (ANU V774; Fig. 4E).

Localities and horizon. – Material from Portal Mountain
(locality 12 of Young 1988, fig. 3; latitude 78°7.2'S, longi-
tude 159°24'E), including articulated fish ANU V773, and
various isolated elements (ANU V774–6, 778, 779, AMF
55623) came from Unit 14, Section P1 of Askin et al.
(1971). Isolated elements (ANU V860, 1178, 2163, 2165,
2174) from a higher horizon (locality 11 of Young 1988,
fig. 3; latitude 78°7.2'S, longitude 159°23.5'E) are referred
to Unit 17, Section 10 of Barrett & Webb (1973).

Isolated acanthodian remains from Mount Crean,
Lashly Range (locality 8 of Young 1988, fig. 3; latitude
77°53'S, longitude 159°33'E) came from lower units in the
Aztec Siltstone (Section L2 of Askin et al. 1971) at collect-
ing sites indicated by Young (1988, fig. 4) as follows:
MC1 (ANU V880), MC2 (ANU V890, 893), MC3 (ANU
V968, 969, WAM 03.1.1, 03.1.2). AMF 55859, 55873,
55886 are also referred to these localities (precise position
unspecified).

Diagnosis. – As for genus (only species).

Remarks. – Two taxa in the Aztec fauna have been based
on similar fin spines: Byssacanthoides debenhami Wood-
ward and Antarctonchus glacialis White. Spine morphol-
ogy on the new articulated specimens supports some of
the criteria used by White (1968) to distinguish these
taxa (see below), and the new fin spines seem more simi-
lar to Byssacanthoides than to Antarctonchus. However,
the provenance of the type material of Byssacanthoides
debenhami Woodward is unknown, and they are very
small isolated fragments displaying few characters, but
showing some differences (wider leading edge rib, more
rounded cross-section) to spines in our new material. The
spines named Antarctonchus are larger, and come from
a higher horizon in the Aztec sequence. Given the vast
amount of information provided by articulated speci-
mens compared with isolated spines or spine fragments, it
is appropriate to restrict Byssacanthoides debenhami and
Antarctonchus glacialis for use as form taxa for isolated
spines. In addition, the absence of a large cheek plate
in the new articulated specimens shows that they do not
belong to Culmacanthus antarctica Young, 1989b, even
though Culmacanthus also had similar fin spines with

smooth longitudinal ribs (Long 1983). On this basis we
assign the new articulated specimens, and most of the
new isolated material, to a new taxon Milesacanthus
antarctica gen. et sp. nov. Apart from Gyracanthides
warreni White, 1968, the available evidence suggests that
the other named acanthodian taxa in the Aztec fish fauna
may be closely related.

Description. – The most important acanthodian speci-
men in the 1970–1971 collection is ANU V773 from
Portal Mountain (Fig. 1), an accumulation of partly
articulated acanthodian remains on several bedding
planes in a finely laminated and fissile greenish-grey silt-
stone. It comprises four main pieces (A–D), together with
numerous small flakes and broken scale patches. Pieces A
and C (21 and 17 cm across, respectively) are less than
7 mm thick, and fit together across a straight rock fracture
to form the part of the specimen. Acanthodian remains
pass off the edge of piece C (Fig. 1A). Pieces B and D
fit together across the same straight fracture to form the
counterpart (Fig. 1B). The latter are much thicker (up to
23 mm) and larger (21, 24 cm across), with dense patches
of squamation and disoriented spines extending outside
the area covered by pieces A and C. At least 11 fin spines
occur on pieces C and D, of which only one clearly
belongs to the best preserved individual (the holotype:
“Fish 1”, Fig. 1A). This specimen has the anterior part of
the body well displayed on piece A, and forms the basis
of the description below.

Most of the right side of the holotype (Fish 1) is
preserved on pieces A and C. Some of its fin spines are
disrupted, and remains of at least three other individuals
lie at angles across the tail region (Fig. 1A). Scattered
scales and spines occur outside this accumulation, and on
different bedding planes on the specimen. Piece A was
glued together across a fracture passing up through the
anterior dorsal fin spine. Behind the fracture, the split
along the bedding plane passed within the body of Fish 1,
more or less separating the left and right sides of the squa-
mation, which is mainly preserved as broken sections
through the middle of the scales. A few areas show ridged
impressions of the scale crowns. Scale preservation is
similar in front of the fracture, again mostly showing
broken sections through the middle of the scales. This
anterior part was originally enclosed in the rock matrix,
and was prepared out mechanically (by A. Ritchie, Aus-
tralian Museum) after backing with resin. The preserved
part comprises the right side and some of the left side
of the fish compressed together. In this circumstance it is
unclear whether broken scales are from the left or right
side, although some patches preserve the scale crowns
facing upwards, so must be from the left. The counterpart
(piece B; Fig. 1B) preserves the left side behind the level
of the anterior dorsal fin spine, but with missing scale
patches, and two displaced fin spines assumed to come
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Fig. 1. Milesacanthus antarctica gen. et sp. nov. A, B: Sample ANU V773 (Portal Mountain), showing at least four partially articulated acanthodian
fishes, on four pieces (A–D) of siltstone slab making up the part (A) and counterpart (B) of the sample. C: Outline reconstruction, based on the holotype
(Fish 1 in A, B).
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from the pectoral girdle. Fishes 2–4 (Fig. 1A, B) are repre-
sented by fragmentary and/or disarticulated remains on
the part and counterpart (pieces B, C, D).

The holotype is laterally compressed, and its total
length is estimated at 220 mm. The maximum preserved
depth (just behind the anterior dorsal fin spine) is 69 mm.
Much of the caudal region is missing or obscured behind
the insertions for anal and posterior dorsal fin spines
(anfs, pdfs, Fig. 1A). However, the free end of the poste-
rior dorsal fin spine and the outline and some squamation
from the caudal tip are traceable on the adjoining piece C
(cf, Fig. 1A).

Head and branchial region
The elements of the head preserved in situ on piece A
include parts of the squamation from both sides (mainly
the right), both mandibular splints, three or four of
the post-orbital bones, and four branchiostegal rays
(Fig. 2A). The rounded rostrum is covered with irregular
polygonal tesserae (Fig. 2B) which range from 0.5 to
1.0 mm wide, and extend about 30 mm back along the
dorsal midline, to the branchiostegal rays laterally, and
just posterior to the mandibular splints along the ventral
midline. At least one semicircular nasal bone (cnb,
Fig. 2B) is discernible among the anterior-most tesserae.
A patch of scales, preserved between the nasal region and
the mandibular splints and in front of the circumorbital
bones, is apparently continuous with the rostral margin,
and forms a posteroventrally projecting lobe of scales.
Scale crowns are aligned along the margin, with the
anterior of each scale facing posteroventrally. They are
shaped like flank scales, so this may be a displaced patch,
perhaps from another fish (?os, Fig. 2B). The posterior
left, and possibly some of the right circumorbital bones
are preserved, one bearing part of a sensory line. The
orientation and rectilinear shape of some of the tesserae
suggests that they bordered some of the sensory lines of
the head (sl, Fig. 2B). The profundus canal (pfc, Fig. 1C),
post-orbital part of the infra-orbital sensory canal and
pre-scapular section of the main lateral sensory canal can
be identified (terminology of Denison 1979, fig. 4). The
whole of the right mandibular splint and the anterior half
plus ventral edge of the left splint are preserved (rms, lms,
Fig. 2A).

There are no big patches of missing scales in the cheek
region, and no evidence of a large cheek plate such as
occurs in Culmacanthus. Four smaller elements posi-
tioned posterodorsal to the mandibular splints are
interpreted as branchiostegal rays (br, Fig. 2A, C). The
lower two rays are very closely associated, and apparently
in contact at their posterior ends, and about half way
along their length, with elsewhere a single scale row
between them. The lower ray is 9 mm long but possibly
incomplete anteriorly, and the one above is 10 mm long
and 1.5 mm wide at its posterior end. The upper two rays

are separated by a gap of about 3 mm, which contains
many scales, so it seems unlikely that there could have
been an intervening element that has been lost. The upper
rays are shorter (uppermost 5.5 mm long, but possibly
incomplete; one beneath 8.5 mm long). They appear to
have been in contact anteriorly, behind which they are
separated by one, two, and then several rows of scales.
Behind this the scales are disrupted. Beneath the lower
margin of the upper pair of rays is a closely associated row
of slightly enlarged scales, apparently in situ. The exposed
surfaces of all four rays are smooth, but the anterior edges
of the upper pair where the bone tissue is mainly missing
shows irregular pyritic filling suggesting that the opposite
surface was ornamented. The absence of ornament on the
exposed surfaces, and the apparent in situ arrangement of
surrounding scales supports the interpretation that they
all come from the right side, and that all of the left
branchiostegal rays were lost during preparation.

Pectoral region
Normal flank scales are found posterior to the branchial
region; they are largest (about 1 mm long) just behind
the uppermost pair of rays, decreasing in size dorsally
to about 0.5 mm at the midline. The scapulocoracoids
are about 5 mm behind the branchiostegals, with the left
incompletely preserved slightly in front of the right (lsc,
rsc, Fig. 2A). The narrow scapular shaft is about 20 mm
high, with a circular cross-section expanding slightly
towards the base to form a posteriad triangular flange.
A bare patch behind the left scapulocoracoid might
indicate where more of the posterior flange was lost
during preparation. Probably it resembled more the
scapulocoracoid of Culmacanthus, rather than that of
Diplacanthus with its large posterior flange (Miles 1973a,
fig. 40; cf. Long 1983, fig. 6).

The squamation is disrupted or missing behind the
mouth region, probably caused by detachment and
displacement of the pectoral fin spines connected to the
endoskeletal girdle as the carcass settled and was buried in
the sediment. However, the proximal part of the pectoral
fin web is preserved (pectfw, Fig. 1A), with its leading
edge meeting the flank about 55 mm from the tip of the
rostrum. The pectoral fin spines are not preserved in situ.
The leading edge of the pectoral fin web is undisrupted
despite the absence of the fin spine, but the pectoral
fin spine is not attached to the web in some other
acanthodians (e.g. Brochoadmones Gagnier & Wilson,
1996), which might explain this. Two other spines pre-
served on and under the body squamation on the coun-
terpart (piece B) are interpreted as pectoral fin spines
(pectfs, Fig. 1B). Ventral to the scapulocoracoids is a short
conical ribbed spinelet, 2 mm in diameter at the base and
7 mm long (admfs, Figs. 1A, 2A), with a single row of in
situ scales running outside its ventral margin at a deeper
level in the matrix. Thus, this spine appears to overlie the
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squamation, and is interpreted as a right admedian spine
(admfs, Fig. 1C).

Several elements thought to derive from another fish
are preserved along the dorsal surface of the head,
posterior to the scapulocoracoids. These include a patch
of scales with crowns pointing in the opposite direction

to the surrounding scales, a small thin fin spine fragment,
a small plate, and a complete scapulocoracoid (osc,
Fig. 2A). The latter is oriented upside down just below the
anterior dorsal fin, with its lateral face and the ventral
medial edge exposed. The triangular area at its base is the
posterior flange.

Fig. 2. Milesacanthus antarctica gen. et sp. nov. A: Detail of the anterior end of the holotype (Fish 1 on piece A of ANU V773; see Fig. 1A). B: Enlarge-
ment of the orbital region shown in A. C: Enlargement of the dermal branchiostegal rays (“br” in A), internal sides exposed. D: Anterior dorsal fin spine
and fin web of Fish 1 on piece A (“adfs”, “adfw”, Fig. 1A). E, F: Displaced procoracoid in part and counterpart on pieces A and B of ANU V773 (“?pro”,
Fig. 1A, B).
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Pelvic and caudal regions
A distance of 10 mm behind the posterior limit of the
pectoral fin web is another fin spine and extensive fin web
(Fig. 1A). The corresponding spine and fin web of the left
side are less completely preserved on piece B (Fig. 1B). As
there is no other fin or spine between the anal fin spine
and the pectoral fin web, we assume that this is the pelvic
fin and spine.

Adjacent and posterior to this fin on piece B are two
small spine fragments, presumably displaced, which lie
on either side of another displaced structure which is
difficult to interpret (?pro, Fig. 1A). This complex has
been split through the centre in separating the part and
counterpart, revealing its inner structure (Figs. 1A, B, 2E,
F). It is tripartite, comprising an upper thick-walled
“cone”, 7 mm high with a 2 mm basal diameter, a short
hollow central part about 3 mm long, which points back
at right angles to the cone and abuts its posterior wall, and
a hollow, subrectangular, ventral plate, making an angle
of about 120° with the central part. The latter appears to
be the base of a fin spine, from which the free part of
the spine has broken off. The cone and plate appear to be
perichondrally ossified.

As this element is in the pelvic region, one possibility is
that it represents the pelvic girdle, either slightly displaced
to a position midway between the pelvic and anal spines,
or perhaps from another fish. Under this interpretation,
the upper cone could be the pelvic equivalent of the
scapular part of the pectoral girdle, and the ventral part
might correspond to the “pelvic basal plate”. Acantho-
dian pelvic girdles have been described only rarely.
Acanthodidids Acanthodes gracilis and A. bridgei have a
spoon-shaped, perichondrally ossified, pelvic basal plate
(Zidek 1976, fig. 8A, B). At least one specimen of Ischna-
canthus gracilis is purported to have a cartilaginous
pelvic girdle of indeterminate shape (Watson 1937). Dean
(1907, fig. 19) labelled elements as pelvic girdles on Dipla-
canthus striatus, but these were actually scapulocoracoids.
Among other early gnathostomes, the acanthothoracid
placoderm Murrindalaspis had a tripartite structure com-
bining fused lateral, spinal, and ventral dermal plates
attached to an endoskeletal girdle (Long & Young 1988,
figs. 6–8), an example of a serial homologue of the
internal structuring of its pectoral girdle.

Against the pelvic girdle interpretation is the undisrup-
ted preservation of the fin spine and web on piece A,
which we interpret as the pelvic fin. Alternatively this
element could be a displaced procoracoid complex from
the pectoral girdle, as there are presumed displaced
pectoral spines nearby, and there are no pectoral spines
preserved in situ. The procoracoid has a similar shape,
with dorsal cone-shaped and ventral plate components,
in Diplacanthus striatus (Denison 1979, fig. 20). There is
no evidence of an attached dermal plate comparable with
those of Diplacanthus striatus and Gyracanthides murrayi

(Warren et al. 2000, fig. 5A, B). Diplacanthus horridus
Woodward, 1892 and D. ellsi Gagnier, 1996 also lack
dermal plates. The spine base could belong to either a pec-
toral or an admedian fin spine. Yet another possibility is
that the cone is the left admedian fin spine, and the plate
is the pinnal plate separating the pectoral and admedian
fin spines as in Diplacanthus striatus, but this seems less
likely as there is no indication of ornament on the cone
or plate, and the cone is contiguous with the fin spine base
fragment rather than separated from it by the plate.
Considering all three possibilities, interpretation as a
procoracoid complex seems most likely.

The distal part of the anal fin spine (anfs, Fig. 1A, B)
and its intact fin web, are obscured by a patch of scales
from Fish 2 on the counterpart (piece B). Behind this, the
caudal region is minimally preserved on piece C, where it
is partly obscured by Fish 2, with part of the caudal fin
web projecting posteriorly (cf, Fig. 1A).

Squamation and sensory lines
The squamation of this fish comprises about 450 diagonal
rows of scales, with about 150 scales/row on each side. As
on most acanthodians, the head is covered with tesserae
showing areal growth zones, not the normal “box-
in-box”-type acanthodian scales. Unfortunately, as the
tesserae are all split horizontally, the surface ornament
is not visible. The internal structure of the head tesserae,
as revealed by natural horizontal sections (Fig. 3A), shows
wide vascular canals radiating through the posterior
two-thirds of the crown, with dentine tubules extending
out from them.

Scales bordering the sensory lines on the head appear
slightly larger and more rectangular than the surrounding
tesserae (Fig. 2A, B). Only parts of the sensory lines are
recognised: the post-orbital part of the infra-orbital canal,
the profundus canal extending over the orbit, and the
main lateral canal running back from the dorsal end of
the profundus canal and above the dorsal edge of the
uppermost branchiostegal ray (Fig. 1C). It is not clear,
with only inner surfaces preserved, whether these scales
could have partly enclosed the sensory canals, as in
Diplacanthus and many acanthodids (Denison 1979,
p. 11). There are some enlarged tesserae or small plates in
the nasal region.

Posterior to the fracture line which separates the head/
pectoral region from the body, most of the scales on both
the part and the counterpart have their inner surfaces
exposed, or have been cracked through the middle. The
flank scales are from 0.5 to 1.0 mm wide, showing little
differentiation from venter to midflank to dorsum. How-
ever, the larger scales occur towards the caudal region,
and ventrally between the pre-pelvic and pectoral fins.
The crown ornament is sometimes visible as an impres-
sion in the matrix, and one isolated broken fragment was
cleaned in acid and cast in latex to show the crown surface



FOSSILS AND STRATA 50 (2004)32 Gavin C. Young & Carole J. Burrow

of articulated scales (Fig. 4A). The crown ornament com-
prises 14–24 subparallel ridges or grooves extending to at
least midcrown. The posterolateral crown edges may be
denticulate (not well preserved). The scale neck is deep
and strongly concave, and the base is shallow and convex.
Some of the scales behind the head tesserae have been
split through the middle showing a central red spot,
interpreted as iron oxide infilling an enlarged primordial
vascular space (sometimes preserved in acanthodian
scales, e.g. Valiukevicius 1983, figs. 2.4, 3.4, 5). Scale
patches on some of the loose flakes from ANU V773 were
sectioned, but the histological structure is only poorly
preserved; crown growth layers and “shadows” of the
pore canals are sometimes discernible (Fig. 3F). Trans-
verse natural sections through some scales cut through
iron infilling of the pore canals low in the crown (Fig. 3E).
Dark rounded spots in crown grooves on casts of the acid-
cleaned impression of ANU V773 flank scales (Fig. 4A)
possibly represent pore openings infilled with iron oxide.
Scales identical to the normal body scales of ANU V773
are found in microvertebrate samples collected from
Mount Crean (Fig. 6Q, R; see below). Natural sections
of scales dorsal to the branchiostegal rays show vascular
canals radiating through the posterior half of the scale
(Fig. 3B); these vascular canals are not visible in scales
further back on the body. The scale morphology of
Milesacanthus antarctica gen. et sp. nov. thus corresponds
closely with that based on a small number of scales
from the original Mount Suess locality, referred to
?Cheiracanthus sp. and illustrated by Woodward (1921,
pl. 1, figs. 12, 13).

Fin web scales are much smaller than flank scales, and
decrease in size distally (Fig. 2D). The lateral line sensory
canal is not discernible over most of the fish; apparently, it
was not edged by specialised scales, at least as far as can be
seen with the squamation preserved mainly as broken
inner scale surfaces. Although scale patches of the caudal
region are discernible on pieces C and D, overlying rem-
nants of Fishes 2 and 3 obscure details of the squamation
pattern on the tail.

Fins and spines
The preserved part of the anterior dorsal fin spine is
55 mm long, slightly curved, and inserted about 70 mm
from the rostral point at an angle of 40° to the body. The
inserted part is not visible, and possibly was prepared
away. Five longitudinal ribs (probably excluding the lead-
ing edge rib) are exposed at its proximal end (Fig. 2D).
The well-preserved fin web (adfw, Fig. 1A) extends to the
tip of the spine. The posterior dorsal fin spine is relatively
straight, deeply inserted in the body, and also makes an
angle of 40° with the body surface. Its inserted length is
25 mm, and about 30 mm of the free end is preserved
(partly as an impression) on piece C. The spine is
preserved for its whole length of about 60 mm (mostly as

Fig. 3. Milesacanthus antarctica gen. et sp. nov. Scale histology of ANU
V773 (A, B, E, F), and of isolated acid-etched Mount Crean scales
(C, D). A: A natural horizontal section through head tessera dorsal to
circumorbital bones (holotype; Fish 1). B: A natural horizontal section
through the lower crown of two scales dorsal to the branchiostegal rays
(holotype; Fish 1). C: A horizontal section through the anterior part of
the crown of scale WAM 03.1.2 from Mount Crean. D: A vertical longi-
tudinal section of scale WAM 03.1.1 from Mount Crean. E: A natural
vertical transverse section through the front part of the crown, showing
iron infilling of cross-cut canals low in the crown (scale from loose flake
of ANU V773). F: A vertical transverse section, in front of the base apex,
through a scale from a loose flake of ANU V773 (base partly missing),
showing crown ridges, deep neck, many crown growth zones, and
“shadows” of several canals low in the crown, some possibly showing
canals rising up from them.

an impression) on the counterpart (pieces B and D). The
remnants of the fin web preserved on piece C (pdfw,
Fig. 1A) suggest that it also probably extended to the tip
of the spine. Ventrally, the pectoral fin web base extends
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to 10 mm in front of the pelvic fin spine insertion. The
two pectoral fin spines, presumably displaced on piece B
(pectfs, Fig. 1B) are slightly curved, lack an insertion area,
and have at least three smooth lateral ribs, decreasing
in width to the posterior edge (not exposed), plus a wider
leading edge rib. The more complete spine is 28 mm long
with the tip missing. Their lack of insertion areas supports
our interpreting them as pectoral fin spines, as this is
a common condition when the spine is fixed to the
scapulocoracoid rather than being only inserted in
musculature (e.g. Denison 1979, fig. 20). The presumed
admedian pectoral spine is ornamented with five ribs per
side; the ribs converge at the apex of the spine. The total
length of the pelvic spine is estimated at 30 mm. It has a
relatively short insertion, is preserved at an angle of about
50° with the body, and again the fin web extends to the
spine tip. This spine has three or four longitudinal ribs
per side, plus a wider leading edge rib. The provenance
of two other spine fragments in the pelvic region (sp,
Fig. 1B) is undetermined. The anal fin spine (anfs, Fig.
1A–C) is deeply inserted at an angle of 60° to the body,
with the insertion area 15 mm long and the total spine
length estimated at about 50 mm. An ornament of at least
five longitudinal ribs is preserved, possibly including a
leading edge rib.

Fishes 2–4
Associated fish on ANU V773 seem to be the partial
remains of three individuals of similar size to the holo-
type, but considerably more disrupted and incomplete.
Only the posterior dorsal fin spine (55–60 mm long) and
part of the caudal region of Fish 2 are preserved. A natural
section through the spine on the edge of piece C shows
five ribs on each side plus a wider leading edge rib. Fish 2
overlies part of the caudal region of Fish 1 on the counter-
part (pieces B and D). Fish 3 (Fig. 1B) is represented by a
large patch of squamation and disarticulated fin spines
surrounding a large element which is probably a sarcop-
terygian scale. Fish 4 (Fig. 1B) comprises more disarticu-
lated scale patches and fin spines, but it is also possible
that these may be additional remains of Fish 3 which had
“exploded” during decomposition. A dissociated ?pecto-
ral fin spine 45 mm long is also preserved near Fishes 3
and 4, and various other scale patches are visible on
bedding planes on the margins of the specimen. There is
no evidence that these remains are not the same species as
Fish 1 described above.

Isolated remains
Most of the isolated acanthodian remains from Portal
Mountain and equivalent horizons at Mount Crean show
similar morphology to the type material, and are there-
fore provisionally included here. Some of these have been
used to investigate the histology of spines and scales.

Of various isolated spines, ANU V775 (not figured) is
an incomplete slightly curved example (about 35 mm
long; maximum width about 3 mm) broken longitudi-
nally to show the internal cavity. This is open posteriorly
at the proximal preserved end, and has a cancellous tissue
zone about 0.5 mm wide running along the length of its
anterior border. Distally an apparent radiating structure
within the spine is manifested in longitudinal section by
fine lines of partly coalesced small pores, which seem to
align with the midline of each rib, and with each groove.
ANU V776 (Fig. 4B) is a straight spine (estimated original
length about 60 mm) broken longitudinally through its
right side. The insertion/exsertion boundary at the level of
the broken section is 28 mm from the proximal end. The

Fig. 4. A–D: Milesacanthus antarctica gen. et sp. nov.; specimens from
Portal Mountain. A: A patch of squamation from a loose flake of ANU
V773, prepared by etching in acetic acid to produce an impression (latex
rubber cast whitened with ammonium chloride). B: An incomplete
unpaired fin spine, trailing edge exposed (ANU V776). C: Two larger
and one small very incomplete fin spines preserved in association (ANU
V779). D: A fin spine and patches of squamation preserved in part and
counterpart (AMF 55623). E: An isolated unpaired element, probably a
ventral occipital ossification in dorsal view, with a small curved element
(?branchial or circumorbital bone), possibly from Milesacanthus
antarctica (Portal Mountain; ANU V774).
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Fig. 5. Milesacanthus antarctica gen. et sp. nov.; fin spines and trans-
verse sections. A, B: Natural transverse sections on an isolated spine
(Portal Mountain; ANU V778): A: A broken transverse section at
35 mm from the proximal end. B: A sawn slightly oblique section from
near the tip of the spine. C, D: An isolated spine (Mount Crean; ANU
V880). C: As preserved. D: A broken section at the distal preserved end.

partly matrix-filled internal cavity is open at least as far
back as 33 mm from the proximal end of the trailing edge,
and surrounding very porous tissue extends as a core to
the distal end of the preserved part. The outer zone shows
thin discontinuous dark lines of fine connected pores, as
in the previous specimen.

ANU V778 (spine length at least 60 mm; 4.5 mm thick
at the proximal end of preserved tissue) shows a good
broken section about 35 mm from the proximal end
(Fig. 5A). The internal cavity is closed along the trailing
edge, which is convex; the spine ornament comprises five
longitudinal ribs on each side of a more pronounced
leading rib. The tissue is quite vascular between the cen-
tral cavity and the leading edge, with a radiating structure
more evident anteriorly. The tip of the spine is preserved
as another slightly oblique section on the sawn edge of the
sample, and shows four lateral ribs (Fig. 5B). The leading
edge rib and the core between the first pair of lateral
ribs are composed of a lighter-coloured vascular tissue
(stippled). A denser white tissue surrounds the central
cavity, from which four or five canals radiate. The proxi-
mal end of this spine is preserved as an impression, and
the first preserved tissue at the 18 mm level shows that the
spine cavity is still open posteriorly, in section forming a
rounded triangle 2 mm wide and 2 mm deep. Three other
spines enclosed in the matrix in this sample are seen as
broken sections. One about 12 mm from the spine just
described has an almost circular section, 1.75 mm across
and 1.5 mm deep with a broad convex leading edge rib
and four lateral ribs on each side, and an open posterior
groove and a centrally placed cavity with a radiating
structure. A second large spine about 4 mm across with
a posteriorly open cavity is broken obliquely through
the insertion area, which shows a very strong radiating
structure.

ANU V779 (Fig. 4C) shows an association of three
spines partly exposed by preparation from the matrix,
with another spine revealed in section on the underside of
the sample. The best preserved is a symmetrical, slightly
curved spine exposed in anterior view. The insertion area
(14 mm long) is broken through anteriorly to show the
internal cavity, the leading edge rib is 1.5 mm wide, and
two lateral ribs are exposed on each side. The broken dis-
tal end protrudes beneath the second, less well-preserved,
spine, and in section shows a broad posterior groove and
a small posteriorly placed cavity, with four ribs on either
side of the broader leading edge rib. The second spine has
39 mm of the proximal end preserved, an insertion area
14 mm long, and five ribs exposed on either side of the
leading edge rib (poorly preserved). The central cavity is
open along the trailing edge to at least 25 mm from the
proximal end. These two similar spines could be anterior
and posterior dorsal spines from one fish. AMF 55623
(Fig. 4D) is an almost complete unpaired spine about
60 mm long surrounded by a patch of indeterminate

scales, which is preserved in part and counterpart, split
through the middle to show the central cavity.

ANU V860 (higher horizon at Portal; not figured) dis-
plays a small broken spine fragment 1 mm across showing
three longitudinal ribs. ANU V1178 (not figured; length
30 mm) is a part impression of an incomplete spine
showing four longitudinal ribs. ANU V2165 is the
subcircular end of a similar ribbed spine, weathered out
around the matrix-filled central cavity. ANU V2174 is a
straight ribbed spine at least 85 mm long (maximum
width about 4.5 mm), broken longitudinally to show that
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the central cavity is open posteriorly about 45 mm from
the proximal end.

ANU V2163 (Fig. 6H, O, P) has been sectioned at two
levels near the proximal end of a spine with a rounded
cross-section. Vascular/dentine canals radiate from a cir-
cular central cavity, and also cut through some longitu-
dinal canals above the central cavity. The spine has a
broader leading edge rib, and four lateral ribs of which
those closer to the leading edge are widest (Fig. 6H).
The sections show a superficial layer on the “crest” of the
ribs, which thins and disappears in the grooves. This outer
layer is penetrated by very fine, branching dentine tubules
rising from the underlying tissue which forms the base of
the ribs (Fig. 6P). The latter tissue has branching dentine
tubules radiating from a network of vascular/dentine
canals, with only rare lacunal widenings and without any
visible bone cell lacunae, comparable with the structure
as described by Woodward (1921, p. 55) in Byssacan-
thoides. The radiating canals are surrounded by a thin
layer which is whiter than the interdenteonal matrix, with
only short tubules extending from them. Again, no bone
cell lacunae are detected. Close to the central cavity, the
canals are aligned either more or less parallel transversely,
or longitudinal, to the inner surface. The sections show no
evidence of an inner bone layer lining the central cavity.
These spine sections are more rounded than other
examples (Fig. 5A, B, D), and this presumably reflects the
shape variation in different spines of one fish. However,
the relatively deep and sometimes undercut grooves,
separating the clearly defined slightly convex flat-topped
ribs, are consistent differences between these Antarctic
spines and spines with similar histology from Europe
(e.g. Onchus overathensis, Devononchus concinnus; Gross
1933a, b).

Similar features are observed in the Mount Crean
material. Unfigured material includes ANU V890, a
straight ribbed spine (1.5 mm wide; 28 mm of proximal
end exposed) showing the finely striated inserted portion,
and ANU V968, two small straight spines (preserved
length 14 mm, 1.5 mm wide), one broken to show the
internal cavity extending right to the tip. ANU V969 is a
small spine fragment, and AMF 55859 was a large straight
(probably unpaired) spine, of which an incomplete
impression 27 mm long and 5 mm wide is preserved.
AMF 55886 shows several associated incomplete spines
up to 40 mm long, and AMF 55873 shows a scattering of
scales and spines, the most complete with an exserted
portion 51 mm long (missing the tip) and an inserted
portion 16 mm long, and preserved in outline to show the
tapered insertion.

More complete is ANU V880, a relatively straight,
apparently unpaired spine missing the distal end (Fig. 5C;
estimated length 45 mm). The inserted portion shows
what we term the “tapered” condition, rapidly decreasing
in width just past the insertion/exsertion boundary

(visible on the opposite side of this specimen). This is
probably a dorsal fin spine, by comparison with the holo-
type. The broken tissue at the proximal end exposes the
impression of the internal cavity, open along the trailing
edge, but how far back it remained open is obscured by
matrix. One leading edge and six lateral ribs are seen on
the exposed right side. A natural cross-section at the
preserved extremity (Fig. 5D) shows that the lateral ribs
decrease in width posteriorly, a distinctly denser basal
layer lines the spine central cavity, and some of the ante-
rior ribs show a dense superficial layer under oil of anise,
as in the sections of Portal spines (Fig. 6H). The trailing
edge is gently convex from side to side, and the central
cavity is subcircular. The tissue in front of the cavity is
vascular, with a few larger vacuities, but no subcostal
canal. Some radiating internal structure is suggested by
fractures in ribs 3–4. Overall this spine is similar to the
reconstruction of the dorsal spine of Onchus overathensis
by Gross (1937, fig. 29), and that form also has a radiating
structure in cross-section (Gross 1933a, fig. 11), but with
a much more triangular section. The cross-section shape
of other spines (Fig. 5A, B, D) is closer to Devononchus
concinnus (Gross 1933b, fig. 6). The main differences
shown by the latter species are the shallower grooves
between ribs and the conspicuous subcostal canal.

Scales identical to the normal body scales on the holo-
type of Milesacanthus antarctica are also found at Mount
Crean. ANU V893 (not figured) shows the external
surface of a typical scale, almost 1 mm across, with 14
subparallel ridges on the anterior half of the crown. In all
preserved respects it is almost identical to that figured
by Woodward (1921, pl. 1, fig. 12). The same scale type,
showing pore canal openings between the anterior ends of
crown ridges, has been illustrated from Mount Fleming
(Young 1989a, fig. 4C). Other very similar scales from
acid-prepared microvertebrate samples show the deep
concave neck and convex base (Fig. 6Q, R), and again are
very similar to the scale cross-section originally figured
by Woodward (1921, pl. 1, fig. 13). In these acid-prepared
scales, the histology is much better preserved than in the
holotype. They show thin, distally branching dentine
tubules and canals rising through the neck and curving
over into the upper parts of the growth zones of the
crown. They also have a pore canal system penetrating
the anterior part of the crown, with canals opening out
through pores in the grooves between the ribs on the
anterior half of the crown and in the lower neck (Fig. 3C,
D). No bone cell lacunae are present in the crown or base;
the latter is penetrated by Sharpey’s fibres and thin,
irregularly branching canals.

Finally, ANU V774 (Fig. 4E) is an isolated unorna-
mented element almost 12 mm long, and probably not
a dermal bone. The “mandibular ossifications” (possible
ceratohyals) in Diplacanthus horridus (Gagnier 1996, fig.
7) have a similar expanded end, but ANU V774 is clearly a
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symmetrical median element, which in shape compares
with the ventral occipital ossification of Acanthodes
bronni (Miles 1973b, fig. 5). If it is this element, it is more
elongate than in that form, with a narrower central
region. The posterior expanded part resembles Acant-
hodes bronni with its rounded lateral ridges; the anterior
expansion is more elliptical than in Acanthodes bronni,
which has more prominent anterolateral corners (Miles
1973b, fig. 11A, pl. 1A). The anterior and posterior bor-
ders of ANU V774 are broken, so it is not clear how much
is missing. A contiguous small bone could be a branchial
or circumorbital bone, and scattered indeterminate scales
are preserved in the matrix.

Fin spine structure and histology
From the evidence of both isolated material and articu-
lated specimens, we can characterise the fin spines of
Milesacanthus antarctica gen. et sp. nov. as follows: the
pulp canal was open for most of the spine length, only
being enclosed along the distal quarter or third; closely
spaced, narrow vascular/dentine canals radiate out from
the central cavity towards the external surface (approxi-
mately 8 canals/mm); the spines lack an enlarged subcos-
tal canal, with the longitudinal vascular/dentine canals
less than 0.1 mm wide, with narrow denteons formed
round them; finally, the inner, presumed osseous, layer is
thin and relatively dense.

The similar microstructure between Byssacanthoides
fin spines and Devononchus concinnus (Gross, 1930) was
noted by White (1968, p. 12), and this is also evident in
the new material of Milesacanthus antarctica described
above. Devononchus spines have three to five smooth
longitudinal ribs per side, the insertion area of unpaired
fin spines tapers rapidly just proximal to the insertion
/exsertion boundary, and the histological structure is also
similar (Gross 1933b, fig. 6). Milesacanthus fin spines
differ in having a more rounded than oval cross-section,
and lacking a subcostal longitudinal canal (also seen in
Diplacanthus fin spines; Gagnier 1996, pp. 153, 154). Also,
the pulp cavity is only open for a third of the length along
the trailing edge in Devononchus concinnus spines (cf.
Lyarskaya 1975, who followed other Russian workers in
reassigning the species to Archaeacanthus concinnus). By
comparison with other acanthodian taxa based on whole
fish, the “tapered” insertion area might only apply to
the anterior dorsal fin spine (cf. Diplacanthus striatus in
Watson 1937, figs. 14A, 15).

Scale structure and histology
To summarise scale structure, in Milesacanthus antarctica
scale crowns are ornamented with 14–24 subparallel ribs
or grooves extending to the midcrown or further poste-
rior; posterolateral crown edges are sometimes denticu-
late. The scale neck is deep and strongly concave, and
the base is shallow and convex. Sections of Mount Crean

scales show thin dentine tubules and canals in the crown,
but also have a pore canal system through the anterior
crown, with canals opening out through pores in the
grooves between the ribs on the anterior half of the crown
and in the neck (Fig. 3C, D).

In histological structure, Milesacanthus scales resemble
those of Haplacanthus perseensis (Frasnian, Latvia) in
having long dentine tubules rising up and curving over
into the upper growth zones of the crown (Denison 1979,
figs. 9I, 10L), although the latter lack a crown pore canal
system. Other non-poracanthodid acanthodians which
have a pore canal system in the scale crown include
Ptychodictyon, Ectopacanthus? pusillus, Lietuvacanthus,
and sometimes Nostolepis gracilis. Of these, Nostolepis
gracilis scales are most similar to the Antarctic scales, in
having pores opening out between ribs on the anterior
part of most scale crowns (Gross 1971; Valiukevicius
1998; Vergoossen 1999, pl. 6.7). However, this taxon is
much older (Late Silurian–earliest Devonian), with only
a few widely spaced ribs extending the whole length of
the crown, and nostolepid-type histology, with bone cell
lacunae throughout the base and crown, and Strang-
gewebe (a specialised mesodentine formed from parallel
elongated lacunae/tubules) in the crown. Scales of Ectopa-
canthus? pusillus Valiukevicius, 1998 also resemble those
of Milesacanthus in having a pore canal system in the
anterior crown, but all figured scales of Ectopacanthus?
pusillus are very worn, and the canals only open through
pores onto the anterior neck, and not on the crown; this
taxon is also considerably older (Lochkovian Stoniskiai
Formation, Lithuania). Ptychodictyon is the only one of
these taxa assigned to the Diplacanthidae, but its scales
have a distinctive “micro”pore canal system confined to
each growth zone (Gross 1973, figs. 10, 11). Scales very
similar externally to those of Milesacanthus are also found
in the Emsian Jauf Formation of Saudi Arabia (Lelièvre
et al. 1994, fig. 2.15).

Whole fish reconstruction
A trace of the outline of the holotype was used for
the reconstruction in Fig. 1C, although the shape of the
caudal region is uncertain. This reconstruction sum-
marises the general features of Milesacanthus antarctica
gen. et sp. nov. as described above. It was less deep-
bodied, with more triangular fin webs, and less robust fin
spines when compared with Culmacanthus stewarti (Long
1983, fig. 9), and lacked the enlarged cheek plate and
circumorbital bone characteristic of Culmacanthus and
Diplacanthus striatus. The sensory line canals, as far as
preserved, show a standard pattern. Only post-orbital
elongated circumorbital plates were present, with the
largest carrying a sensory line. Anterior plates were
presumably absent. By comparison, in Diplacanthus the
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Fig. 6. A–C: Byssacanthoides debenhami Woodward, 1921. A latex cast of lectotype NHM P12553 (Granite Harbour), provided by the Natural History
Museum, London, in anterolateral, anterior, and trailing edge views, respectively (irregular margin in C is an artefact). D–F: Antarctonchus glacialis
White, 1968. D: A latex cast of holotype NHM P49164 (Boomerang Range) in anterior view (middle part of spine), showing the broader leading edge rib;
E, F: A cast of spine GS 7395/15 (Boomerang Range). E: Lateral view of exserted portion. F: Insertion/exsertion boundary. G: ?Antarctonchus spine AMF
55549 (Mount Fleming), showing insertion/exsertion boundary. H: Milesacanthus antarctica gen. et sp. nov., fin spine ANU V2163, transverse section
(Portal Mountain). J, K: ?Culmacanthus antarctica Young, 1989b (ANU V882, Mount Crean). J: A fin spine transverse section. K: A flank scale vertical
longitudinal section. L–N: ?Culmacanthus antarctica Young, 1989b (ANU V970, Mount Crean). L: A vertical transverse section of scale showing wide
canals low in the crown. M: A fin spine transverse section. N: Two scales near the spine section, the vertical transverse section on the left, and
off-centre a longitudinal section showing wide canals in the anterior crown on the right. O, P: Milesacanthus antarctica gen. et sp. nov.,
fin spine ANU V2163 (Portal Mountain). O: A transverse section (more distal than in H). P: Detail of one rib from the upper right side. Q, R:
Milesacanthus antarctica gen. et sp. nov.; two isolated acid-etched scales (Mount Crean locality MC3, GCY SEM stub 94/27/3,4). (A–G are latex rubber
casts whitened with ammonium chloride; the proximal end of spine fragments is uppermost).
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circumorbital plates were variably developed, with both
anterior and posterior circumorbitals in Diplacanthus
striatus (Denison 1979, fig. 4C), only anterior plates in
Diplacanthus horridus Woodward, 1892, and anterior
and ventral circumorbitals in Diplacanthus ellsi Gagnier,
1996. Tetanopsyrus lindoei and T. breviacanthias had only
anterior plates (Hanke et al. 2001), while Culmacanthus
stewarti had both anterior and the greatly enlarged
posterior plates (Long 1983). Milesacanthus antarctica
gen. et sp. nov. was apparently unusual in having two
pairs of close-set branchiostegal rays separated by squa-
mation on each side. The most complete, right mandibu-
lar splint is comparable in shape with that of Diplacanthus
striatus (Watson 1937, fig. 15), but the elements seem
relatively long in the new taxon. The scapulocoracoid,
with its high, narrow shaft, most closely resembles that of
Culmacanthus stewarti. As for most non-climatiid acan-
thodians, the anterior dorsal fin spine on Milesacanthus
antarctica is more curved than the posterior dorsal fin
spine. The maximum number of ribs on fin spines of the
holotype is no more than 11, and the maximum estimated
length is about 75 mm for the anterior dorsal fin
spine (inserted part conservatively estimated at about
one-quarter the total length in Fig. 1C). Whether the
reconstructed procoracoid might be re-interpreted as a
pelvic girdle must await the discovery of new articulated
material.

Genus Byssacanthoides Woodward, 1921
Byssacanthoides debenhami Woodward, 1921
Fig. 6A–C

Synonymy. –

1921 Byssacanthoides debenhami Woodward, pp. 54, 55,
pl. 1, figs. 10, 11

1968 Byssacanthoides debenhami Woodward – White,
p. 12, fig. 2

1968 Antarctonchus glacialis – White, pp. 11, 12 in pars
1979 Byssacanthoides debenhami Woodward – Denison,

p. 50, fig. 33J

Type specimens. – Three spine fragments (NHM P12553–
555), of which the largest (P12553) was selected as the
lectotype by White (1968, p. 12).

Other material. – Possibly GS7398/12, tentatively assigned
by White (1968) to Antarctonchus.

Locality and horizon. – The type material came from
glacial moraine at Gondola Ridge, Mount Suess (locality 2
of Young 1988, fig. 3). It is of unknown provenance, but
associated turiniid thelodont scales suggest that at least

some of the material was probably derived from the
lower beds of the Aztec Siltstone. Specimen GS7398/12
came from the higher fossil layer at Mount Crean (locality
MS5 of Gunn & Warren 1962), which might approximate
to Unit 8, Section L2 of Askin et al. (1971), although
correlations are uncertain (see above).

Remarks. – The fin spines named Byssacanthoides deben-
hami Woodward and Antarctonchus glacialis White are
here retained as form taxa for isolated spines. They are
similar to those described above in Milesacanthus antarc-
tica gen. et sp. nov., so the three taxa might be closely
related. The type locality for Byssacanthoides debenhami
also produced a number of isolated acanthodian scales
(including NHM P12559, 12576), named by Woodward
(1921, p. 56) as Cheiracanthus sp., and described as closely
similar to Cheiracanthus murchisoni from the middle
Old Red Sandstone of Scotland. The figured examples
(Woodward 1921, pl. 1, figs. 12, 13) have above been pro-
visionally referred to Milesacanthus. The problem with
the type locality material is that its original derivation will
never be known, and it could have come from a variety of
horizons and localities within the Aztec Siltstone, perhaps
extending over tens or hundreds of kilometres (see Young
1988, pp. 10, 11, 22). Thus, remains within a single piece
are the only ones that can be attributed to the same
(unknown) original locality.

Description. – The following comments are based mainly
on a comparison of spine casts with spines on the arti-
culated specimens, and other isolated spines in the new
material referred above to Milesacanthus antarctica gen. et
sp. nov. Woodward’s type material was also examined.

The type specimens of Byssacanthoides debenhami are
small spine fragments which, by comparison with whole
spines, probably came from the distal third of the spine.
The very limited type material presents few distinguishing
features from the much larger fin spines named Antarc-
tonchus glacialis White (see below), but it seems that the
lateral ribs on Antarctonchus spines are of equal width,
whereas those of both Byssacanthoides, and Milesacanthus
described above, are graduated or variable. In the lecto-
type of Byssacanthoides debenhami (Fig. 6A–C), the lead-
ing edge rib makes up more than half the width of the
spine in the anterior view, but a rib of this width has not
been encountered in any of the material referred above to
Milesacanthus. The spine sections (Woodward 1921, pl. 1,
fig. 11a; White 1968, fig. 2c), presumed to come from
the distal third, are also much more rounded than the
equivalent distal parts of Milesacanthus spines described
above (e.g. Fig. 5D). For these reasons Byssacanthoides
debenhami has been retained as a separate form taxon for
isolated spines.
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Genus Antarctonchus White, 1968
Antarctonchus glacialis White, 1968
Fig. 6D–G

Synonymy. –

1968 Antarctonchus glacialis White, pp. 11, 12, pl. 2,
fig. 3 in pars

?1972 Antarctonchus sp. – Ritchie, p. 351 in pars
1979 Antarctonchus glacialis White – Denison, p. 50,

fig. 32G
?1991 “incomplete fin spine” – Young, fig. 15.7(a)

Holotype. – NHM P49164, possibly including GS 7395/8,
13, 18, which might be part of the same spine.

Other material. – NHM P49166, GS7395/7, 14, 15, 16
from the type locality; ?AMF 55549 from Mount Fleming.
Localities and horizon. – The type locality is MS2 of Gunn
& Warren (1962), in the Boomerang Range (Young 1988,
fig. 3, locality 20), from a horizon probably some 70 m
above the base of the Aztec Siltstone (Young 1988, p. 9).
The Mount Fleming specimen is only provisionally
included. It comes from locality MS228, the lowest fossil-
iferous horizon in Section 26 of Barrett & Webb (1973), in
the upper beds of the Beacon Heights Orthoquartzite
which conformably underlies the Aztec Siltstone (Young
1988, fig. 3, locality 4).

Remarks. – White (1968) relied on four characters to dif-
ferentiate his new taxon from Byssacanthoides debenhami
Woodward. In the latter the spines are smaller, with ribs
graduated, ribs few in number, and with a “wide” rather
than “narrow” posterior area. As the original Byssacan-
thoides debenhami specimens are probably distal frag-
ments, White’s “size” criterion can be discounted. The
form of the posterior face, or trailing edge, also varies
with distance from the tip, as seen in various fin spines
described above. The spines in the Antarctonchus type
material are considerably larger than any other specimens
described above, so the maximum attained size might be
a valid criterion, even though the greater number of ribs
for Antarctonchus is probably also size related. In acan-
thodians in general, the number of spine ribs appears to
increase with the age of the fish, and on individual spines,
the number increases proximally. As none of the type
Antarctonchus spine fragments shows the structure of the
trailing edge distal to the inserted area, the descriptions
by White (1968, p. 11) of a “smooth flattened area” and
Denison (1979, p. 50) of “a narrow posterior channel” can
be discounted.

Comparing casts of the spines of Antarctonchus
glacialis White with those of Byssacanthoides debenhami
Woodward, and the extensive material including fin
spines described above as Milesacanthus antarctica gen. et

sp. nov., provides some support for White’s (1968) distin-
guishing criteria, and Antarctonchus glacialis is retained
here as a form taxon for isolated spines, normally of large
size, with smooth longitudinal ribs, a wider leading edge
rib, and up to eight lateral ribs which are of equal width.

Description. – The original Antarctonchus fin spines were
preserved only as impressions, so their histology is
unknown, although White (1968) noted that the spines
had a large internal cavity. Latex casts of the fin spine
impressions of both Antarctonchus and Byssacanthoides
in the London and Wellington collections have been
compared to clarify their structure (Fig. 6A–F). The
Antarctonchus glacialis holotype (NHM P49164) is
87 mm long as preserved (White 1968, pl. II, fig. 3)
but lacks the proximal part and the trailing edge. White
(1968, p. 11) described it as “rounded in cross-section
with very little lateral compression”, but latex casts
(Fig. 6D) indicate that “subtriangular in section” is a
more accurate description. Antarctonchus glacialis speci-
men GS 7395/15 (Fig. 6E, F) was described by White
(1968, p. 11) as having an insertion “2.7 cm long in front
and runs backwards and upwards at an angle of 45°,
which gives the backward slope of the spine” (i.e. the
spine was inserted in the body at an angle of 45°). White’s
(1968, p. 11) observation that the “anterior median”
(leading edge) rib was not preserved is incorrect, because
the left preserved edge in Fig. 6E includes part of the
leading edge rib. Thus, this spine had 17 ribs (eight on
each side), not the 19 ascribed by White. White’s (1968,
p. 11) statement that the “roughened inserted area is con-
tinued as a narrow strip in the middle of the posterior face
of the spine” is misleading, as the “posterior face” (trailing
edge) is wide open, with the open central cavity edged by
the side walls of the spine.

As noted by White (1968), Antarctonchus glacialis
specimen GS 7395/8+/13+/18 (erroneously listed as /19
by White) also shows that the large central cavity is wide
open for the length of the insertion area, and for some
distance along the exserted part. White (1968) suggested
that the NHM holotype and these GS specimens could be
part of the same spine, and this is supported by restudying
the specimens (showing that trimmed latex rubber casts
fit reasonably well together). This evidence suggests a
total spine length of some 14 cm, with the insertion area 3
cm long (along the leading edge), and ornamented with
a maximum of 17 longitudinal ribs. White (1968, p. 11)
also noted that the remaining spine fragments might have
been originally associated, so the collected type material
could represent incomplete remains of spines belonging
to one fish.

AMF 55549 (Fig. 6G) from the Beacon Heights Ortho-
quartzite at Mount Fleming is the oldest acanthodian
spine known from the Beacon sequence. It is an impres-
sion of a large spine fragment with at least seven
equal-width ribs per side. The incompletely preserved
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insertion area is approximately 30 mm long, suggesting a
total spine length of over 12 cm. The insertion/exsertion
boundary is almost perpendicular to the longitudinal
axis, so the spine would probably have protruded from
the body at a much higher angle than any of the other
spines dealt with above. Ritchie (1972) referred AMF
55549 to Antarctonchus sp., which it resembles more than
Milesacanthus in its large size, equal-width ribs, and simi-
larly developed insertion (ins, Fig. 6F, G). However, this
spine comes from much lower in the sequence, so
Ritchie’s provisional assignment is followed here with
great reservation.

Family Culmacanthidae Long,
1983

Genus Culmacanthus Long, 1983
Culmacanthus antarctica Young, 1989b
Fig. 6J–N

Synonymy. –

1988 “acanthodian spines and scales”; “acanthodians”
– Young, p. 12 in pars

1989a Culmacanthus antarctica – Young, p. 51
1989b Culmacanthus antarctica Young, pp. 14–17,

figs. 2A, 3A
1992 “acanthodians” – Turner & Young, p. 90
1993 Culmacanthus antarctica Young – Young et al.,

p. 248

Holotype. – ANU V967 (CPC 26579), a right cheek plate.

Other material. – ANU V970, an isolated fin spine with
associated scales, is referred to this species. ANU V882
(spine and scale thin section) is very tentatively included.

Locality and horizon. – Mount Crean, Lashly Range, local-
ity 8 (Young 1988, figs. 3, 4); collecting sites MC1 (V882)
and MC3 (V970), from lower units in the Aztec Siltstone
(Section L2 of Askin et al. 1971).

Remarks. – Culmacanthus antarctica Young, 1989b was
erected for a single distinctive cheek plate differentiated
from the type species Culmacanthus stewarti Long, 1983
by the position of the sensory groove passing off the
ventral margin, and its shape and proportions. It was
recognised that some of the isolated “Antarctonchus”
spines in the Aztec fauna could belong to Culmacanthus
antarctica (Young 1989b, p. 14), but without the compre-
hensive study of acanthodian material presented here, no
criteria for distinguishing such spines were established.
The holotype of Culmacanthus antarctica came from the

same locality and horizon as the spine described below,
which is now recognised to show several distinctive
features of spines on articulated examples of the type
species Culmacanthus stewarti. Given that some semi-
articulated fishes (palaeoniscoids, sarcopterygians) are
known from Mount Crean, it is possible that new speci-
mens might be found to corroborate that this spine
belongs to Culmacanthus antarctica.

Description. – Culmacanthus stewarti Long, 1983 from the
Givetian–Frasnian of Victoria is represented by various
more or less complete articulated specimens displaying
a range of fin spines, and we first summarise the known
fin spine morphology. Long (1983, p. 59) described
the fin spines as “ornamented with approximately nine
coarse ribs, four being visible on each lateral face of the
spines and two narrower ribs present on the posterior face
between the larger ribs which form the posterolateral
margin”. The spine cross-section was described as rela-
tively narrow with a flat posterior face. The largest fin
spines of Culmacanthus stewarti are about 6 cm long, with
a maximum of about nine longitudinal ribs. The type
material is preserved only as impressions, so spine histol-
ogy is unknown. Long (1983) regarded the fin spines as
possibly synonymous with very similar isolated spines
named Striacanthus sicaeformis Hills, 1931 from the
Upper Devonian of Victoria. These are up to 35 mm long,
with four or five longitudinal ribs per side. Their histology
is known only to the extent that Hills (1931, p. 214)
described “a central longitudinal pulp cavity with smaller
tubes arranged concentrically around it parallel to its
length”. A longitudinal canal structure is also demon-
strated in older acanthodian spines from Australia
referred to “Striacanthus” (Burrow 2002, fig. 14L). This
seems rather dissimilar to the distinctive radiating
structure of canals in all the Antarctic spines so far inves-
tigated, so on this evidence Striacanthus and Culmacan-
thus might not be synonymous, and Long’s (1983)
suggestion of retaining Striacanthus as a form taxon for
isolated spines of Culmacanthus would not be valid.

The articulated type specimens of Culmacanthus
stewarti show the fin spines mainly in lateral view. It is
unclear whether the leading edge rib was wider than
the lateral ribs, but a cast of NMV P159838 in the ANU
collection shows that one of the four figured ribs on the
“pectoral spine” of Long (1983, fig. 3) is a slightly wider
and more prominent leading edge rib; on other pectoral
fin spines, the ribs that can be seen appear to be of equal
width (Long 1983, fig. 4D). We note that the long striated
base of insertion shown by Long (1983, fig. 3) is anoma-
lous for a diplacanthid pectoral spine, and if correctly
identified would mean a deep articulation with the scapu-
locoracoid, and thus significantly different to the superfi-
cial connection of the pectoral spine in Diplacanthus
(Hanke et al. 2001, p. 752). This aspect of Culmacanthus
needs to be reinvestigated.
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The dorsal fin spines of Culmacanthus stewarti clearly
differ from those of Byssacanthoides, Antarctonchus and
Milesacanthus in having a very wide lateral rib towards
the trailing edge (Long 1983, fig. 1A). This feature would
be difficult to establish in some isolated Antarctic spines
that are split longitudinally, but is demonstrated in the
one specimen (ANU V970) referred here to Culmacan-
thus antarctica. This assumes that this aspect of fin spine
morphology is a generic character for Culmacanthus.
ANU V970 comes from the same locality as the holotype
of Culmacanthus antarctica (ANU V967), and the matrix
has identical lithology.

ANU V970 is a straight spine about 70 mm long with
the proximal 42 mm exposed, and a row of scales along
its length. The spine cavity is open posteriorly to at least
36 mm from the proximal end. The cross-section shape
is revealed by a section cut about 20 mm from the tip
(Fig. 6M). This shows narrow canals radiating out from
the central cavity, as in the other spine sections described
above, but with some significant differences. The central
cavity is laterally compressed, rather than round as in
other spines (e.g. Figs. 5A, D, 6O). The more complete
left side of the section shows a broader leading edge rib,
two small ribs forming the posterolateral corners, and
three main lateral ribs increasing in width towards the
posterior. This is the reverse of the situation in Bys-
sacanthoides or Milesacanthus, where the lateral ribs
decrease in width posteriorly (Figs. 5A, B, D, 6H). The
correspondence with the “two narrower ribs present on
the posterior face between the larger ribs which form the
posterolateral margin” in Long’s (1983, p. 59) fin spine
description is unlikely to be coincidental. The central
cavity in ANU V970 (cc, Fig. 6M) is lined by dense,
presumably osseous, lamellae; there is no subcostal canal.
A thin superficial layer covering the “crest” of the ribs is
clearly differentiated from the underlying tissue.

The histology of some scales associated with this spine
is also shown in the thin section of ANU V970, although
there is no good evidence on whether they belong with the
spine or not. One vertical transverse section cuts through
the ridges ornamenting the anterior part of the crown,
and through several canals low in the crown (c, Fig. 6L).
Of two scales adjacent to the fin spine, one is another
vertical transverse section, probably through the poste-
rior half (as no canals are intersected), while the other is
an oblique longitudinal section which cuts through one
of the pore canal openings between the crown ridges
(Fig. 6N). Scale histology is unknown in the type species,
but on the basis of a good cast of scale impressions, Long
(1983, fig. 8A) suggested that Culmacanthus scales had a
pore canal system. However, there is no clear evidence
of pore openings on the scale crowns of Culmacanthus
stewarti (but they are poorly preserved), and the wide
canals exposed are possibly vascular canals leading back
under the grooves or ridges.

A second spine section (Fig. 6J) is very provisionally
included here, mainly because it differs from the spines
ascribed above to Byssacanthoides, Antarctonchus or Mile-
sacanthus. It is also different to ANU V970 just described,
but the holotype of Culmacanthus stewarti demonstrates
that the dorsal fin spines differ in rib morphology from
the other spines (Long 1983, fig. 1), so the same situation
might apply for Culmacanthus antarctica.

ANU V882 from Mount Crean shows a thin section
evidently from the proximal part of a spine, with the
trailing edge wide open. This spine was more laterally
compressed and triangular in cross-section compared
with the Portal Mountain spines, and clearly resembles
sections of Onchus overathensis (e.g. Denison 1979, fig.
33B), in which similar radiating striations are developed
(Gross 1933a, fig. 11). The section cuts through several
enlarged longitudinal canals, of which the largest (scc,
Fig. 6L) is comparable in position and size to the subcos-
tal canal that typifies Devononchus concinnus, which also
has strong radiating striations (e.g. Gross 1933b, fig. 6).
This is the only Antarctic spine investigated that shows a
subcostal canal, but it differs from Devononchus concinnus
spine sections in other respects. ANU V882 is more tri-
angular, has more, and better defined, ribs, and deeper
intervening grooves, and also shows a clearly differenti-
ated superficial layer (ol, Fig. 6J). In Diplacanthus the fin
spines are also described as having “two pulp cavities of
which the posterior is the larger” (Gagnier 1996, pp. 153,
154), but whether this is variable within a taxon, as
implied by the two different spine sections referred here
to Culmacanthus antarctica, must await a histological
study of all spines in an articulated specimen.

An associated scale in ANU V882 (Fig. 6K), preserved
as a vertical longitudinal thin section next to the spine,
differs from those of Milesacanthus described above in
having a lower neck and a more convex base, although
some scale impressions illustrated for Culmacanthus
stewarti are a little different (Long 1983, fig. 8B). Culma-
canthus scales were described as deep-based with a con-
stricted neck and a relatively flat crown, and the main
difference from the scales of Milesacanthus antarctica
described above is that they have only six or seven crown
ridges (Long 1983). Again, the extent to which scale mor-
phology is variable within a taxon can only be determined
for taxa based on articulated fish, and Gladiobranchus
probaton (Lower Devonian, Canada), for example, has at
least two scale types, with smooth-crowned scales on the
posterior flank of the body, and Nostolepis gracilis-type
scales on the fin webs, mid-dorsal line, and ventrally (C.J.
Burrow, pers. obs.). Whether the latter type of scales
shows pore openings in the grooves, as described above
for Milesacanthus, is not known. As noted above, the
potential exists for finding more semi-articulated fishes
from the Culmacanthus antarctica type locality at Mount
Crean, so a new specimen might resolve some of these
questions for this taxon.
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