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Table 17 Measurements (in mm) of Magadinella woodsiana (Tate, 1880).

Specimen Length Width Depth Specimen Length Width = Depth
WAMS68.324 16.6 12.6 - WAM 68.323 15.2 11.7 -
WAM 68.323 16.2 13.6 9.8 WAM 68.323 13.0 10.2 74
WAM 68.323 9.3 8.7 47 WAM 66.1462 9.9 7.7 52
WAM 66.1462 9.9 8.0 4.7 WAM 62.161 16.7 13.9 91
WAM 62.161 14.2 9.7 - WAM 65.691 20.2 15.5 13.2
WAM 65.691 14.0 11.3 7.0 WAM 65.691 18.4 134 94
F5542/2 13.9 10.3 - F6859/1-5 7.5 5.9 3.9
F5543/1-+4 13.8 10.2 8.2 F6860/1-9 12.3 10.8 6.9
F5543/1-4 14.3 11.0 - F6860/1-9 12.3 9.0 6.5
F5543/1-4 17.9 13.8 9.9 F6860/1-9 14.4 11.0 9.1
F5543/1-+4 14.4 11.6 7.0 F6860/1-9 154 11.3 8.3
F6109/3 11.9 8.8 8.0 F6861 16.4 9.3 10.6
F6109/3 13.2 9.7 7.7 F6862/1-14 15.2 12.3 9.0
F6109/3 11.5 9.6 6.9 F6862/1-14 15.8 11.0 8.6
F6109/3 14.6 11.3 7.9 F6862/1-14 16.7 13.5 9.9
F6109/5 17.1 11.4 - F6862/1-14 12.1 9.2 6.5
F6110/1 232 17.0 15.5 F6862/1-14 11.9 7.6 6.8
F6110/1 15.7 12.3 8.6 F6862/1-14 122 9.2 59
F6110/1 21.9 15.0 14.0 F6862/1-14 16.5 12.8 8.9
F6110/1 21.2 17.1 12.8 F6862/1-14 124 9.7 -
F6110/2 21.7 16.8 - F6862/1-14 16.3 11.5 8.9
F6110/2 (bv)11.4 116 - F6862/1-14 15.8 13.2 7.9
F6111/6 16.0 12.1 9.8 F6863/1-10 9.3 6.7 4.8
F6111/6 16.0 12.4 8.7 F6863/1-10 14.0 10.5 6.8
Fell11/6 16.8 13.0 9.7 F6863/1-10 14.8 11.9 9.0
F6111/6 15.0 11.2 9.6 F6863/1-10 13.6 10.2 9.1
F6111/6 16.8 13.1 9.9 F6863/1-10 10.7 9.0 5.6
F6111/6 124 9.9 7.0 F6863/1-10 12.9 9.5 7.8
Felll/6 17.6 12.6 9.0 F6863/1-10 9.8 6.9 -
F6111/6 14.0 10.5 - F6863/1-10 16.1 11.7 10.5
F6111/6 13.0 11.9 ~ F6863/1-10 9.0 6.8 5.0
F6111/6 14.7 10.3 8.4 F6864/1-10 16.9 13.5 94
F6111/6 11.9 9.6 5.3 F6864/1-10 15.3 12.5 8.0
F6111/6 13.8 11.3 - F6864/1-10 9.8 8.2 5.8
F6111/6 121 9.9 52 F6864/1-10 16.0 11.6 9.5
F6111/6 8.9 7.1 - F6865/1-5 13.3 9.9 8.2
F6112/7 20.2 15.6 121 F6865/1-5 12.2 8.5 -
F6112/10 20.0 15.6 11.5 F6865/1-5 6.7 57 -
F6112/10 20.3 16.3 10.7 F6867/1-11 16.3 11.7 -
F6112/10 17.0 13.0 8.8 F6867/1-11 15.8 10.4 9.7
F6112/12 18.4 12.4 11.1 F6867/1-11 13.5 10.6 -
F6112/12 19.5 14.4 11.7 F6867/1-11 13.3 9.9 6.9
F6841 18.0 14.7 10.8 F6867/1-11 12.4 9.3 8.4
F6842 204 14.8 13.0 F6867/1-11 12.4 9.7 -
F6842 15.6 12.9 - F6867/1-11 13.3 9.2 7.6
F6858/1-6 24.2 16.8 - F6867/1-11 14.6 11.6 9.2
F6858/1-6 14.0 9.5 7.3 F6867/1-11 15.1 11.0 9.2
F6858/1-6 171 13.1 9.1 F6869/1-8 14.5 10.4 8.1
F6858/1-6 18.4 14.3 9.4 F6869/1-8 13.3 10.8 8.2
F6858/1-6 14.2 11.2 8.5 F6869/1-8 14.9 10.7 -
F6858/1-6 11.7 8.4 - F6869/1-8 13.0 9.9 7.6
F6859/1-5 10.8 7.8 5.8 F6870/1-4 13.7 9.7 74
F6859/1-5 8.8 6.3 42 F6870/1-4 15.1 10.0 9.2
F6859/1-5 10.6 8.6 - F6870/1-4 14.1 9.6 77
F6859/1-5 8.8 6.8 4.5

CONCLUSION formations. These are Aldingia furculifera (Tate,

Comparison of brachiopods (Table 18) from
the Nanarup Limestone (Late Eocene) and the
Wilson Bluff Limestone (Middle to Late Eocene)
indicates 8 species in common between the two

1880), Aliquantula insolita (Tate, 1880), Liothyrella
Iabiata sp. nov., Magadinella woodsiana (Tate,
1880), Stethothyris pectoralis (Tate, 1880),
Stethothyris tapirina (Hutton, 1873), Terebratulina
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christopheri sp. nov. and Victorithyris tateana
(Tate, 1880).

Two brachiopods found in the Nanarup
Limestone are not present in the Wilson Bluff
Limestone. These are Diedrothyris johnstoniana (Tate,
1880) and Westralicrania zenobige Craig, 1997. The
absence of W. zenobine may well be a problem of
collection as the specimens are flat and quite small.
The Wilson Bluff Limestone is significantly richer
having 8 species, which are not found in the
Nanarup Limestone. These include Austrothyris
grandis (Tenison-Woods, 1865), Diedrothyris plicata
Richardson, 1980, Liothyrella bulbosa (Tate, 1880),
Liothyrella subcarnea (Tate 1880), Murravia
triangularis (Tate, 1880), Stethothyris sufflata (Tate,
1880), Victorithyris divaricata (Tate, 1880) and
Victorithyris garibaldiana (Davidson, 1862). Overall,
there are 16 species present in the Wilson Bluff
Limestone.

The three species recorded from the Pallinup
Siltstone are Aldingia furculifera (Tate, 1880),
Aliquantula insolita (Tate, 1880) and Terebratulina
christopheri sp. nov., A. furculifera (Tate, 1880) and A.
insolita (Tate, 1880) are common to all five deposits,
while T. christopheri sp. nov. is not recorded from
the Abrakurrie Limestone. The lower diversity of
brachiopod species may well be due to a different
palaeoenvironment as shown by the high level of
siliciclastic material within the deposit, which is
believed to be a product of lower water
temperatures (McNamara, 1994). The Toolinna
Limestone contains Aldingia furculifera (Tate, 1880),
Aliquantula insolita (Tate, 1880), Diedrothyris plicata
Richardson, 1980, Murravia triangularis (Tate, 1880),
Terebratulina christopheri sp. nov., Victorithyris
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tateana (Tate, 1880) and Westralicrania zenobige Craig,
1997. Four species (D. plicata, M. triangularis, T.
christopheri and W. zenobiae) do not occur in the
Abrakurrie Limestone but only one, W. zenobiae,
different to the Wilson Bluff Limestone. This would
suggest that the Toolinna Limestone has greater
affinities to the Wilson Bluff deposit than that of the
Abrakurrie, in contrast to Li et al. (1996). All species
found in the Abrakurrie Limestone are found in the
Wilson Bluff Limestone, but it is less species rich,
having only 8 species recorded from the deposit.
This may be a result of lower water temperatures
during the Late Oligocene to Early Miocene or a
result of erosional effects that produced a sequence
of hardgrounds (Li et al., 1996).

The brachiopods Murravia triangularis (Tate, 1880),
Victorithyris garibaldiana (Davidson, 1862), V. tateana
(Tate, 1880), V. divaricata (Tate, 1880) Diedrothyris
johnstoniana (Tate, 1880), D. plicata Richardson 1980,
Stethothyris pectoralis (Tate, 1880), S. sufflata (Tate,
1880), Anakinetica breva Richardson, 1991,
Magadinella woodsiana (Tate, 1880), Aliquantula
insolita (Tate, 1880), Aldingia furculifera (Tate, 1880),
Liothyrella bulbosa (Tate, 1880), L. subcarnea (Tate,
1880) and Austrothyris grandis (Tenison-Woods,
1865) described above from the Bremer and Eucla
Basins of Western Australia have also been
described from Late Eocene to Early Miocene
deposits in south eastern Australia (Table 19).

Specimens very similar to Liothyrella labiata were
described in Richardson (1971) and are recorded
from the Tortachilla Limestone, Maslin Bay, South
Australia.

Westralicrania zenobige Craig, 1997 is not known
from south-eastern Australia.

Table 18 Brachiopod distribution over the deposits in the Bremer and Eucla Basins. (X indicates the presence of the
species in the deposit) NL = Nanarup Limestone, PS = Pallinup Siltstone, WBL = Wilson Bluff Limestone, TL
= Toolinna Limestone and AL = Abrakurrie Limestone.

Species NL PSS WBL TL AL
Aldingia furculifera (Tate, 1880) X X X X X
Aliguantula insolita (Tate, 1880) X X X X X
Anakinetica breva Richardson, 1991 X
Austrothyris grandis (Tenison-Woods, 1865) X

Diedrothyris johnstoniana (Tate, 1880) X

Diedrothyris plicata Richardson, 1980 X X

Liothyrella bulbosa (Tate, 1880) X X X
Liothyrella labiata sp. nov. X X

Liothyrella subcarnea (Tate, 1880) X X
Magadinella woodsiana (Tate, 1880) X X X
Murravia triangularis (Tate, 1880) X X
Stethothyris pectoralis (Tate, 1880) X X

Stethothyris sufflata (Tate, 1880) X

Stethothyris tapirina (Hutton, 1873) X X

Terebratulina christopheri sp. nov. X X X X
Victorithyris divaricata (Tate, 1880) X X
Victorithyris garibaldiana (Davidson, 1862) X

Victorithyris tateana (Tate, 1880) X X X X
Westralicrania zenobiae Craig, 1997 X X




Table 19 Distribution of Bremer and Eucla Basin species in Australia, New Zealand and Antarctic. Ages identified in bold italics are for the appearance of the genus in these

states.

Species WA: Age & Fm SA: Age Vic: Age Tas: Age NZ: Age Antarctica
Aldingia furculifera (Tate, 1880) Nanarup Lst, Toolinna Lst, Wison Bluff Lst, L. Eoc. L. Eoc-Oligo  Oligo

Abrakurrie Lst, E. Mio.
Aliguantula insolita (Tate, 1880) Nanarup Lst, Toolinna Lst, Wilson Bluff Lst L. Eoc. L. Eoc-Mio Oligo-Mio

Abrakurrie Lst. E. Mio
Anakinetica breva Richardson, 1991 Abrakurrie Lst, E. Mio L. Oligo E. Mio
Austrothyris grandis (Tate, 1880) Abrakurrie Lst, E. Mio E. Mio
Diedrothyris johnstoniana (Tate, 1880) Nanarup Lst, L. Eoc E.-L. Eoc E. Mio
Diedrothyris plicata Richardson, 1980 Toolinna Lst, Wilson Bluff Lst, L. Eoc E. Mio
Liothyrella bulbosa (Tate, 1880) Wilson Bluff Lst, L. Eoc Abrakurrie Lst, E. Mio Eocene L. Eoc-Rec
Liothyrella labiata sp. nov. Nanarup Lst, Wilson Bluff Lst, L. Eoc E.-L. Eoc
Liothyrella subcarnea (Tate, 1880) Wilson Bluff Lst, L. Eoc M. Eocene
Magadinella woodsiana (Tate, 1880) Nanarup Lst, Wilson Bluff Lst, L. Eoc. Abrakurrie L. Oligo L. Oligo

Lst, E. Mio.
Murravia triangularis (Tate, 1880) Toolinna Lst, Wilson Bluff Lst, L. Eoc L. Eoc-Oligo
Neothyris rylandae Craig, 1999 Roe Calcarenite Oligo-Mio  E.Mio-Rec
Stethothyris pectoralis (Tate, 1880) Nanarup Lst, Wilson Bluff Lst, L. Eoc L. Eoc-E. Oligo Oligo-Mio L. Eocene
Stethothyris sufflata (Tate, 1880) Wilson Bluff Lst, L. Eoc E. Oligo-E. Mio
Stethothyris tapirina (Hutton, 1873) Nanarup Lst, Wilson Bluff Lst, L. Eoc Oligo
Terebratulina christopheri sp. nov. Nanarup Lst, Toolinna Lst, Wilson Bluff Lst, L. Eoc L. Eocene
Victorithyris divaricata (Tate, 1880) Wilson Bluff Lst, L. Eoc, Abrakurrie Lst, E. Mio
Victorithyris garibaldiana (Davidson, 1862) Wilson Bluff Lst, L. Eoc, Abrakurrie Lst, E. Mio E. Mio

Nanarup Lst, Toolinna Lst, Wilson Bluff Lst, L. Eoc, E. Mio E. Mio-E. Plio E. Mio

Victorithyris tateana (Tate, 1880)
Westralicrania zenobiae Craig, 1997

Nanarup Lst, Toolinna Lst, L. Eoc
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The genus Neothyris is not known from elsewhere
in Australia and may be the result of separate
evolution from Neothyridinae stock or the result of
east to west movement of currents during a hiatus
in the Proto-Leeuwin Current (Craig, 1999).

Stethothyris tapirina (Hutton, 1873) has not been
recorded from elsewhere in Australia but is known
from Oligocene deposits in New Zealand. It is likely
that this species may be present in south-eastern
Australian Late Eocene or Early Oligocene deposits.

The presence of so many species common to
Western Australia and the south eastern states of
Australia indicates that the abiotic ecological
conditions were certainly similar for a long period
from the Late Eocene to at least the Early Miocene.
The presence of similar species in Western and
South Australia during the Late Eocene agrees
with the series of transgressions that extended
from the Bremer Basin in Western Australia, across
the Eucla Basin to the St Vincent Basin in South
Australia. Richardson (1997) suggested that
brachiopods are more influenced by substrate than
by any other environmental condition. The fact
that the brachiopod faunas are of greatest diversity
in the bryozoan limestone formations of the
Bremer and Eucla Basins tends to support this
hypothesis.

Bryozoan limestone is the product of cool-water
deposits possibly including up-welling (James
personal communication). Although the surface
temperatures due to the flow of the Proto-Leeuwin
Current are said to be warm ranging from 17° to
19°, James and Bone (1991) suggested that water
temperatures between 14° to 19° are cool enough to
allow the deposition of bryozoan limestone. This
does not preclude cool-water up-welling although
Li and McGowran (1994) suggested that during cool
water up-welling bryozoans are reduced in
diversity.

Brachiopods and bryozoans are both lopho-
phorates and sessile benthic filter feeders. It is likely
that they occur in close association due to the
availability of food or reduced light intensity, rather
than for substrate conditions. Bryozoans are found
on a variety of substrates, as are brachiopods.

The occurrence of similar species in the Murray
Basin and the Torquay Basin during the Late
Oligocene and Early Miocene to those in the
southwest basins suggests that the species
dispersed east and appeared in these areas once
transgressions inundated the Tasman Rise. The
mechanism for this distribution would most likely
be the Proto-Leeuwin Current that is believed to
have influenced the distribution of echinoids
(McNamara, 1999) and large warm water
foraminifers (McGowran et al., 1997). The influence
of the Proto-Leeuwin Current on the distribution of
brachiopods is also supported by the migration of
Late Paleocene to Late Eocene brachiopods from the
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Carnarvon Basin to southern Australia (Craig,
2000). The present Leeuwin Current is defined as “a
stream of warm, low salinity water that flows at the
surface from near North West Cape to Cape
Leeuwin and thence towards the Great Australian
Bight (Cresswell, 1991: 1). There is strong
circumstantial evidence for a direct, relatively short-
term process of transportation of larvae of extant
species of invertebrate and finfish from Western
Australian spawning areas to South Australia
nursery areas (Lenanton ef al., 1991: 105).

The Cenozoic brachiopod fauna of New Zealand
may have evolved from species, which first evolved
in Western Australia. MacKinnon (1987) suggested
that Stethothyris evolved from “Neothyris” esdailei
Thomson, 1918. He also sees a close relationship
between “Neothyris” esdailei Thomson, 1918 and
Victorithyris tateana (Tate, 1880), except for the loop,
which in “Neothyris” esdailei Thomson, 1918 is
trabecular while Victorithyris tateana (Tate, 1880) is
teloform. The genus Victorithyris has been recorded
from the Late Paleocene Cardabia Formation,
Carnarvon Basin, Western Australia (Craig, 2000).
Three species of Victorithyris are described, the
oldest from the Boongerooda Greensand. They
differ from V. tateana in the lack of plication. Hiller
and MacKinnon (in press) suggest that a possible
candidate for the ancestral form of Victorithyris
could be from the Paleocene of Western Australia.
Hiller and MacKinnon (in press) suggest that
‘Neothyris’ esdailei Thomson 1918 may best be
assigned to Diedrothyris. Diedrothyris cf johnstoniana
from the Cardabia Formation, Carnarvon Basin,
Western Australia (Craig, 2000) and D. johnstoniana
from the Nanarup Limestone indicates that the
genus Stethothyris is more likely to have evolved
from a species of Victorithyris or Diedrothyris in
Western Australia. It would then have been
dispersed due to the presence of the Proto-Leeuwin
Current south along the western coastline and, with
the Great Australian Bight Current, eastwards along
southern coastline of Western Australia (McGowran
et al., 1997). The presence of Stethothyris in the
Nanarup Limestone supports this hypothesis.

Although the Trans-Tasman migration of
echinoids is well established throughout the late
Cenozoic (Foster and Philip, 1978) and Beu and
Kitman (1998) suggested that molluscs migrate
from west to east to New Zealand, the mechanism
for such a migration of brachiopods across the
widening Tasman sea is uncertain. There was a
shallow marine connection between the Great
Australian Bight and the Tasman Sea by the Late
Eocene (Kennett, 1978; Beu et al., 1997). MacKinnon
(1987) proposed that the Tasman Sea formed in the
Late Cretaceous and that by the mid to Late
Oligocene as the gap between Australia and
Antarctica widened, the circum Antarctic current
became established. He also suggested that strong
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bottom currents scoured the gap between Australia
and New Zealand prior to and after the breaching
of the Tasman Rise. This would have made
transport across the Tasman Sea by the brachiopods
difficult as they have a short larval life of several
hours to a few days (Richardson, 1997). One
mechanism may have been the attachment of larvae
to sea weed or other drifting material such as
pumice and wood. Wignall and Simms (1990)
reported the finding of ‘Rhynchonella’ subvariabilis
attached to a piece of fossil driftwood from the
lower Mutabilis Zone (Lower Kimmeridge Clay,
Upper Jurassic) at Wyke Rigis, Weymouth, Dorset,
United Kingdom. McKinney and Jackson (1989)
suggested that the only answer for the widespread
distribution of bryozoans with a short larval phase
would be such methods of rafting. Allan (1937)
suggested that brachiopods might attach to vagile
scallops. In discussing the distribution of molluscs,
Beu (1976) suggested that larval stages might
postpone their metamorphosis until a suitable
substrate had been located. He also suggested in
the same paper that molluscan larva may reduce
their metabolic rate in cold sea temperatures,
allowing a longer period of drift. These mechanisms
might also explain the distribution of the
brachiopods. It is also possible that early Cenozoic
brachiopods had a longer lecithotropic life span
than current species. A report by Gabbott (1999)
suggests that brachiopods in the Ordovician Soom
Shale, South Africa have attached to the orthocone
of cephalopods and “hitched” a ride.

There is also a continuous link of genera between
Australia, New Zealand (Terebratulina, Neothyris
and Stethothyris in common) and Antarctica
(Liothyrella, Terebratulina, Neothyris and possibly
Stethothyris in common) (Table 19). Bitner (1996)
described a species of Stethothyris from the Late
Eocene La Meseta Formation of Seymour Island. If
this identification is correct, then Stethothyris may
have a wider range and different history than
proposed by Hiller and MacKinnon (in press). The
genera, which are in common between the three
shelves, may have evolved along the Antarctic shelf.
Movement to New Zealand might be then
explained by drift north from Antarctica.
Unfortunately, there are no fossil deposits including
brachiopods from this region of Antarctica.
Movement westwards from the Antarctic Peninsula
could only have occurred after the opening of the
seaway between South America and Antarctica in
the Late Oligocene (Foster, 1974) and would have
been against the recognised current flow patterns
(Kennett, 1978). Further examination of south
eastern Australian, Antarctic and South American
specimens should provide the evidence required to
settle the evolutionary history and biogeographical
distribution of these (Terebratellinae and
Stethothyridinae) subfamilies.
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