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Figure 26 Victoriaster gigas (McCoy, 1882); MUGD 1080, from the Batesford Limestone at Batesford;
aboral view; x(.64.

Anterior petals diverge anteriorly at about 135°, almost straight, but flex slightly anteriorly at
three-quarters petal length; deep, but relatively broad, width 5% TL; holotype bearing 47
non-conjugate pore pairs. Posterior petals almost straight and diverge at 60°; slightly longer
than anterior; about 40% TL; similar width to anterior petals. Peripetalous fasciole follow-
ing an erratic course, approaching only to within 18% TL of apical system in lateral
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Figure 27 Victoriaster gigas (McCoy, 1882); MUGD 1080, from the Batesford Limestone at Batesford;
adoral view; x0.64.

interambulacra. On holotype lateroanal fasciole incomplete: extending posteriorly from
peripetalous fasciole for short distance, then disappearing laterally; present posterolaterally.
On other specimens (e.g. MUGD 1080 and 1689) it is entire.

Peristome small and sunken; width only 11% TL. Covered entirely by labrum which
projects strongly forward (Figure 27). Pores in phyllode both unipores and anisopores; 14 in
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ambulacra Il and 1V; 7 in L, I and V. Plastron width 40% TL. Periplastronal width up to
10% TL. Plastron densely tuberculated with relatively small tubercles. Tubercles on other
oral interambulacra almost twice as large (up to 30 mm diameter) and more widely spaced.

Remarks

V. gigas is probably the largest of all non-flexible echinoids ever to have lived. The largest
known specimen has a length of 220 mm, a width of 205 mm and a height of 110 mm. It thus
had twice the bulk of the giant living spatangoid Plagiobrissus grandis (Gmelin), the largest
of which measured 220 X 165 x 55 mm (Mortensen 1951: 498).

Pritchard (1908) described a single specimen (MUGD 1689), which he called Linthia
mooraboolensis, also from the Batesford Limestone. The main feature which distinguishes
this specimen from the holotype of V. gigas, is its much lower test. The broken and dislocated
nature of the interambulacral plates around the ambitus indicates that the lower profile is a
product of post-depositional compaction. The specimen does possess slightly narrower
petals and anterior notch than the holotype of V. gigas, but these differences are attributed
to intraspecific variation. This is borne out by the character of the largest known specimen of
V. gigas, MUGD 1080, which differs from the holotype of V. gigas in having longer and
broader petals. Similar wide intraspecific variation is typical of the larger spatangoid echin-
oids, occurring also in living species of Brissus and Breynia (McNamara 1982).

Henderson (1975: 24) preferred to place Pritchard’s Linthia mooraboolensis in
Lambertona, but the type species of this genus, L. lamberti Sanchez Roig, 1953, is reported
as possessing a thin, incomplete marginal fasciole Fischer (1966). Lambertona lyoni (Hutton,
1873), which Henderson (1975: 25) redescribed, has only a peripetalous fasciole. Kier (1984)
has recently redescribed L. lamberti. He reports that this species of Lambertona, like
L. lyoni, has neither a marginal nor a lateroanal fasciole, possessing only a peripetalous
fasciole. The holotype of Linthia mooraboolensis possesses an entire lateroanal fasciole and,
as noted above, is synonymous with Victoriaster gigas.

Phylogenetic Relationships of Australian
Species of Pericosmus
The earliest species of Pericosmus to occur in the southern Australian Tertiary, P. maccoyi,
possesses a relatively low test, subcentral apical system, and shallow to moderately deep
petals. The later species, P. compressus, P. celsus, P. torus, P. quasimodo (Figure 19) and
P. sp. B are typified by the possession of more highly vaulted tests (Figure 28); more
anteriorly positioned apical systems; deeper petals; more sunken peristomes; more
anteriorly projecting labra; and broader plastrons.

The carliest species of Pericosmus, such as P. clarki Lambert, 1933 from the Paleocene of
Madagascar and P. annosus from the Eocene of New Zealand, have features more in
common with the earliest (Late Oligocene) Australian species. There appears to have been
a trend, during the Tertiary, for the periodic development of a smaller number of species
which possess a larger test, deeper petals, more anteriorly positioned apical systems,
clongate labra, and broad plastrons. However, the ancestral, early Tertiary, morphology
appears to have persisted throughout the Tertiary to the present day, while the forms which
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Figure 28 Dirawings of lateral profiles of named species of Pericosmus, Hlustrating the general trend of
development and anterior progression of adapical interambulacral swelling.
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developed a highly vaulted test developed as short-ranging, iterative offshoots from the main
Pericosmus stock. A recently discovered species, Pericosmus porphyrocardius from north-
western Australia (McNamara 1984) is morphologically similar to the carliest Australian
fossil species, P. maccoyi.

The phylogenetically carly characters, associated with a low test, occur in small specimens
of later species. In other words later species with vaulted tests, undergo greater morphologi-
cal changes through ontogeny than their ancestors: they may be said to be peramorphic
(Alberch et al. 1979). Thus, for instance, a small test of P. compressus rescembles the largest
specimens of carlier species in possessing shallow petals and a more open, shallow anterior
notch; shorter petals than in large specimens: a more central apical system: a shallower
peristome and a less anteriorly protruberent labrum. Growth within these Australian Late
Oligocene-Early Miocene species, and later phylogenetic development within the Australian
Miocene species, seems to have favoured a deepening of the petals and swelling of the
intervening interambulacra; the anterior movement of the apical system and consequent
development of a steeper anterior slope of the test; a deepening of the peristome and anterior
lengthening of the labrum: and broadening of the plastron. Forms which developed these
morphological characteristics arc also larger than those species possessing ancestral mor-
phology. These morphological changes may therefore have been brought about by
hypermorphosis: delay in onset of maturity allowing continuation of morphological develop-
ment beyond that of the ancestor. Delay in onset of maturity will also result in attainment of
a larger size.

The Australian species show a trend of varying swelling of the aboral interambulacra
adapically, from no swelling in the carly P, maccoyi to swollen posterior interambulacrum in
P. compressus and P. sp. B: swollen lateral interambulacra in the Longfordian P. celsus;
swollen lateral and slightly swollen anterior interambulacra in the younger Longfordian-
Batesfordian P, rorus; and finally, only a strongly swollen, anterior interambulacrum in the
latest species, the Bairnsdahan P quasimodo. This anterior shift of swollen interambulacra
accompanics an anterior shift in position of the apical system and increasing angle of
declination of anterior of the test.

Functional interpretation of morphological changes.

Some of the evolutionary changes which occur within the spatangoid Schizaster, from the
subgeneric morphotype Paraster to the Schizaster morphotype (McNamara and Philip 1980)
arc comparable to changes which occur between species of Pericosmus. Changes in
Schizaster involve increasing test size; increasing the angle of anterior slope of the test;
increasce in depth of paired petals and ambulacrum 1H; increase in depth of anterior notch;
anterior lengthening of the labrum; and increase in plastron size. Similar changes have been
recorded in Micraster (Smith 1984).

The changes also occur between species of Pericosmus in the Australian Tertiary. One
difference between the two is with respect of the apical system: in Pericosmus there is an
anterior movement; in Schizaster the movement is posterior. The posterior movement in
Schizaster reflects increase in number of funnel-building tube feet, a facility not possessed by
Pericosmus. Increase in petal depth in Schizaster and concomitant increase in declination of
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the aboral surface anterior to the apical system, and projection of the labrum. are believed
to relate to the occupation of finer sediments. which necessitates optimisation of water flow
over the test and o the adoral surface of the test (McNamara and Philip 198().

The Australian Oligocene-Miocene species of Pericosmus all appear to have lived in
coarse bioclastic imesands, apart from the youngest species P quasimodo. This species,
which has the deepest petals. most arched test. anteriorly positioned apical system and most
projecting labrum, is preserved in marly horizons within the Port Campbell Limestone. The
development of the morphological adaptations within the Australian Miocene species of
Pericosmus may, perhaps, reflect adaptation to optimising water flow over the test, cither due
to occupation of finer sediments, or to living at increased depth in the sediment. Evidence for
increased burrowing also comes from the relatively larger plastron possessed by the later
species in the lincage: these species would thus bear a relatively greater number of burrow-
ing adoral spincs.

All modern described species referred to Pericosmus possess the ancestral morphology.
suggesting that these more conservative, curytopic species have persisted from the Eocene to
the present day. The more highly vaulted stenotopic species., such as P celsus, P torus and
P quasimodo, were short-lived evolutionary experiments, which probably occupicd more
restricted niches and possessed particular morphological refinements which allowed their
selection and genetic establishment. These refinements may have been made possible by the
peramorphosis.

Living species of Pericosmus have been obtained from depths between 18 and 486 m.
most occuring at about 200 m (Mortensen 1951). What little information is available on the
sediment type oceupied by these species indicates occurrence in both mud and sand.
Pericosmus porphyrocardius, recently collected from north-western Australia (McNamara
1984), was obtained from depths between 309 and 420 m. Sediment from within the gut
indicates that the species inhabited a foraminiferal-rich muddy substrate. Thus. the living
species, all of which possess a basically conservative morphology, live in moderately deep
water. Their morphology further suggests that they are ill-adapted to burrowing deeply in the
finc substrate they inhabit.

Both the morphological characters of the Australian fossil species and the nature of the
sedimentin which they are preserved differ from their living and ancestral counterparts. The
evolution of a number of short-ranging species during the Late Oligocene and Early Miocene
in southern Australia probably reflects the attainment of a distinctive morphology, princi-
pally of vaulted test and sunken petals, which allowed occupation of an environment
different from that of the ancestral species. Their occurrence in coarse-grained sediments
suggests habitation in refatively shallow water in a high hydrodynamic environment.

Conscquently, it may be suggested that from the stable, long-ranging, deeper water forms
of Pericosmus, a serics of short-lived species migrated into shallower water and inhabited a
coarser sediment than their ancestors. The morphological characteristics developed by these
Oligo-Miocene species may reflect the ability of the species to burrow effectively within
these coarse sediments. The youngest species, P guasimodo, evolved a morphology which
allowed it not only to burrow deeper than its deep water ancestors, but also to inhabit finer
sediments than its immediate ancestors which inhabited coarser sediment.
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