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SUMMARY

Eleven species of Bradoriida are described, with open nomenclature applied to two
forms; the family Bradoriidae is represented by four new species of Bradoria, the Indianidae
by lndota otica gen. nov., sp. nov., and Tropidiana cirrata gen. nov., sp. nov., and the new
family Comptalutidae by Comptaluta gen. novo and Ophiosema gen. novo The Comptalutidae
contain also some of the species described in the literature under the name of A luta. The
names lndianites and Indianitidae are regarded as nomina nuda. and Aluta and Alutidae as
having no recognizable material base. The Hipponicharionidae are regarded as a subjective
synonym of the Beyrichonidae. The new family Svealutidae is established for forms which
cannot be accommodated in any of the already established families; these forms are Svealuta,
Carnarvonia, and A lutella, and not part of the taxa described here. The described species
come from the Yelvertoft Beds of Queensland; their age is Ordian, the Cambrian Stage
below the Templetonian and above the Lower Cambrian (Georgian), and an equivalent
of the 'Protolenus zone' of authors and the Hanfordian of Matthew. Corrections are
also suggested to the obsolete data of the stratigraphic distribution of Bradoriida that
are prevalent in the current literature. The neozoological and palaeozoological affinities
are discussed, and classifications of Crustacea pertaining to the order Bradoriida reviewed.
The Bradoriida are not acceptable as an order of Ostracoda, but the structure of their
carapace suggests an affinity with the contemporaneous Canadaspis.
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INTRODUCTION

The fauna of the 'Redlichia-bearing beds' of Northern Australia, except for
the occurrence of the trilobite Redlichia and the shells of Biconulites, is largely
undescribed; a part of the hitherto neglected components of that fauna is
the Crustacea Bradoriida, which are now described here. For the sake of a
taxonomic description the need arose for a review of the order, and its place in
the classification of bivalve Crustacea.

The material is kept in the Commonwealth Palaeontological Collection of
the Bureau of Mineral Resources in Canberra; this collection is referred to
under the letters 'CPC' followed by the catalogue number of specimens. The
described material has been collected by the author of this paper, during his
many visits to locality M426 in Queensland in search of bradoriids and other
fossils. The designation 'Crustacea Bradoriida' in the title is proposed as an
indication that a conclusive classification of these fossils above the order category
is not evident yet.

Age and Geographic Occurrence of Described Taxa of Bradoriida

The geological age of the species of the Bradoriida here described is designated
as the Ordian Stage of the Cambrian. The Ordian is that division of the
Cambrian scale whose rocks and fauna rest in Australia below the Templetonian
and above the Lower Cambrian (Georgian or Olenellian) in a classical sense.
The Ordian is an approximate equivalent of the 'Protolenus zone' of authors
and the Hanfordian of Matthew, and is regarded here as the initial Middle
Cambrian division. The Australian Ordian fauna is dominated by particular
species of the trilobite Redlichia; previously used designations like 'Redlichia
zone, or stage' or Redlichia beds are unsuitable stratigraphic designations for
the same division because the genus Redlichia has a much wider range than
the Ordian, and distinctive species occur also in the Lower Cambrian. The
Ordian and its fauna are discussed in detail by Opik (1967b).

One form-Ophiosema sp. novo at!. spicatum-which is described below, comes
from the Northern Territory, as mentioned in its description. All others (ten
altogether) constitute the assemblage of the Bradoriida from the Yelvertoft
Beds locality M426, of the Mount Isa Sheet area, Queensland (Opik, Carter,
& Noakes, 1961); this site since its discovery by F. W. Whitehouse has become
known as the main source of information regarding the Redlichia fauna of
Australia. The rocks are siliceous silty shale and chert.

The following fossils have been identified at M426:

Bradoriida: Indota otica sp. nov., Tropidiana cirrata sp. nov., Bradoria curvifrons
sp. nov., Bradoria alaris sp. nov., Bradoria petalina sp. nov., Bradoria cornulata
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sp. nov., Bradoria cf. curvifrons, Ophiosema spicatum sp. nov., Comptaluta
calcarata sp. nov., Comptaluta profunda sp. novo

Trilobita: Redlichia idonea Whitehouse, Redlichia venulosa (Whitehouse),
Redlichia chinensis Walcott, and several new species of Redlichia which will
be described separately.

Several diverse forms of phosphatic brachiopods, Hyolithes, Biconulites cf.
hardmani, and Girvanella.

The Hanfordian fauna of the Atlantic Maritime Provinces of Canada contains
some twenty species described by Matthew; these are roughly contemporaneous
with the Ordian bradoriids, but no connexion between the two is apparent.
They have in common only the genus Bradoria, which is universal and of
considerable longevity, ranging from the Lower Cambrian into the early Upper
Cambrian. The Appalachian Lower Cambrian and the Australian Ordian have
Indota gen. novo in common, and only one species each; these are, however,
rather distinct and therefore inconclusive regarding palaeozoogeography. The
Comptalutidae fam. novo occur in North China, in a later part of the Middle
Cambrian, of which Aluta woodi (Walcott) is a species of Ophiosema gen. novo

It seems that the known species of the Bradoriida have a confined regional
and not even a provincial distribution, as compared with the wide distribution
of genera like Bradoria, Hipponicharion, and Indiana. Of some interest therefore
is the occurrence of Svealuta in the late Middle Cambrian of Sweden and
Australia, and in the early Upper Cambrian of Australia, with forms very
close to the Swedish Svealuta primordialis.

Census of Australian Bradoriida

The published Australian bradoriid record refers to nine forms. Chapman
(1918) described three species under the names of Leperditia tatei, Leperditia
capsella, and,jsochilina sweeti, all from South Australia. These were originally
regarded as Upper Cambrian, but their correct age is Lower Cambrian. Whitehouse
(1936, p. 73; 1939, p. 268) mentions the occurrence of Aluta in the Yelvertoft
Beds, in association with Redlichia. Presumably it refers to Comptaluta, as
described in the present paper and found in the same locality. Opik described
Aristaluta gutta gen. nov., sp. nov., and Svealuta sp. M (afL primordialis)
from the late Middle Cambrian (bpik, 1961 ); an Idamean (early Upper
Cambrian) valve as ?Beyrichonidae gen. indet., sp. D (bpik, 1964); and
A ristaluta spicata, as a new species, from the late Middle Cambrian, and
Svealuta cf. primordialis (Linnarsson) from the Mindyallan (early Upper Cam
brian) (bpik, 1967a). In the present paper eleven Ordian forms are described.
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The total number of twenty items is only a part of a large fauna of Bradoriida,
as can be seen from the following record of material already collected but
unpublished.

Lower Cambrian: In the Lower Cambrian of South Australia Bradoriida
are relatively frequent; the three forms described by Chapman ( 1918) are
in need of a material revision.

Ordian: In the Negri Group of the Ord River Valley two species of Bradoria
are present. In the late Ordian in Northern Territory, in association with Ophiosema
sp. novo aff. spicatum, shells attributable to Indota gen. novo and Bradoria are
present.

Templetonian: In the Templetonian sequence of the Northern Territory
(Sandover Beds, Alexandria Beds) and of Queensland (Beetle Creek Formation)
large forms (up to 15mm in length) of Bradoria and a small Walcottella (in
Northern Territory) have been collected; Bradoriidae occur also in the Mootwingee
area in New South Wales. Comptalutidae are found in Queensland.

Middle Cambrian, post Templetonian, of Queensland: Two new genera of
Comptalutidae and another probably of Svealutidae occur in the span of
Ptychagnostus atavus/Ptychagnostus punctuosus zones.

In the zone of Ptychagnostus nathorsti two genera apparently related to
Polyphyma, as well as Bradoria, are present.

In the Idamean (Upper Cambrian) Bradoria is evident, and doubtful Bradoriidae
(family) occur in the post-Idamean Chatsworth Limestone.

Most of the fossils mentioned above are identified direct in the matrix;
more are evident in acid residuals which are already accumulating.

Temporal Distribution of Bradoriida

The stratigraphical distribution of the genera and species of Bradoriida adopted
by Sylvester-Bradley (1961) is outdated. The Lower Cambrian (Etcheminian)
age given to the Dugald formation of the McLeod Brook/Indian River basin
of Cape Breton, from which G. F. Matthew described a large number of
species including types of several genera, is erroneous. According to Hutchinson
(1952) the Dugald formation is of a Middle Cambrian age and Lower Cambrian
is absent in the basin.

Matthew (1902; 1903) placed the lower part of the Cambrian sequence,
including the Dugald formation of the McLeod Brook/Indian River basin of
Nova Scotia, in the Etcheminian-and consequently Lower Cambrian. Walcott
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(1912, for example p. 135; see also Hutchinson, op. cit., p. i5), however,
established that the correct age of the Dugald sequence and its fossils is not
Lower but Middle Cambrian. The concept and name Etcheminian were introduced
by Matthew ( 1899) for a sequence of rocks and faunas in the Canadian
Atlantic Maritime Provinces (Newfoundland and New Brunswick); Matthew
described the Etcheminian as a Palaeozoic terrain older than Cambrian resting
below the Protolenus sequence. Subsequently Matthew (1914) included it in
the Cambrian-even in the Lower Cambrian, which is correct. Summing up, (1)
Etcheminian designates a Lower Cambrian sequence, and (2) Matthew (1902;
1903) dated a Middle Cambrian (Paradoxidian) sequence as Etcheminian.
Walcott's corrections however remained unnoticed by Ulrich & Bassler (1931)
and by most of the authors between 1914 and 1952, as well as by Sylvester-Bradley
(1961), who, furthermore, placed the genus Polyphyma also in the Lower
Cambrian. According to the literature, however, known species of Polyphyma
are late Middle and early Upper Cambrian in age. Polyphyma angelini was
even selected by Westergaard (1947, p. 21) as a nominate species of the
topmost subzone of the Olenus zone of Sweden.

The stratigraphic distribution of Bradoriida has been summarized by Ulrich
& Bassler (1931, p. 6 and 7) under the title 'Section, giving formations with
faunas of Conchostraca, Cape Breton and New Brunswick'. Considering the
discussion above, this 'section' serves its purpose when rectified as follows:

(1) On page 6 the list of Lower Cambrian 'St Johns Group, Hanfordian,
Protolenus zone', refers to pre-Paradoxides post-Olenellian forms, and corresponds
to the Ordian in Australian terms.

(2) The longest list, p. 6-7 'Lower Cambrian, Etcheminian, Matthew 1903',
including the Coldbrookian, refers to Middle Cambrian forms and is to be
placed above the Hanfordian, and not below as assumed by Ulrich & Bassler.
The list itself is a transcription of Matthew's (1902, p. 438-439; 1903, p. 157)
tabulation of 27 species and infraspecific taxa; all the type specimens of these
were collected in the Middle Cambrian (quasi-Etcheminian) sequence of Cape
Breton, including the following generic type species: (1) Bradoria scrutator,
(2) Bradorona perspicator, (3) Indiana ovalis and its subjective substitute
Indiana lippa, and (4) Escasona rutellum, selected by Matthew (1902, p. 548),
and its subjective substitute Escasona ingens. The substitute type species of
Indiana and Escasona were designated by Ulrich & Bassler (1931).

All other stratigraphic data (Sweden, Britain, State of New York, etc.)
given by Ulrich & Bassler should be accepted.

Neozoological and Palaeontological Affinities of Bradoriida

In the discussion that follows it is suggested that the Bradoriida have no
place in the subclass Ostracoda. More tenable is, however, Raymond's (1935)
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classification of the Bradoriida with the Archaeostraca, and in the next section
the probability of an affinity of Bradoriida and Canadaspis (Hymenocaris of
authors) is indicated.

Rolfe (1963, p. 19) quoted the nomenclature 'Canadaspis (=Hymenocaris) ,
without a reference to the author of the former name. On the occasion of a visit
to Canberra in 1967, Dr W. D. I. Rolfe kindly mentioned Novojilov (1960)
as the author of Canadaspis, Canadaspididae, and the order Canadaspidida; and
in the course of conversations indicated that the disparity of the genera
Hymenocaris and Canadaspis as presented by Novojilov is quite plausible.

The type species of Canadaspis is Hymenocaris perfecta Walcott, 1912.
Walcott's and not Salter's Hymenocaris figures in the literature and in the present
paper dealing with the classification and affinity of Cambrian bivalve Crustacea.

About a century ago the known species of the Bradoriida and fossil Ostracoda
were grouped together as Bivalved Entomostraca, and subsequently G. F. Matthew
described the bradoriids as ostracodes. Matthew's interpretation prevailed during
many decades until Ulrich & Bassler (1931), who never agreed to the ostracode
theory, placed these Crustacea in the Conchostraca. This classification is
zoologically untenable now, but Ulrich & Bassler succeeded in demonstrating
that the Bradoriida are not Ostracoda. Raymond (1935) established the order
Bradoriida, and suggested its affiliation with Archaeostraca and Phyllocarida, and
consequently with the Malacostraca.

Raymond's views were accepted, for example, by Shimer & Shrock (1944-1955)
and by bpik ( 1961 ), although references to Conchostraca and Ostracoda
continued to prevail in the literature. Ivanova (1960) placed the Bradoriida
once more in her subclass Ostracodoidea, but retained Raymond's nomenclature
of the order. Finally, Sylvester-Bradley (1961, p. Q101) considered the Bradoriida
as 'true Ostracoda, belonging to a primitive order for which the name
Archaeocopida is introduced'. No new ordinal taxon, however, was established
by the introduction of new name (bpik, 1967a) .

The problem of the classification of the Bradoriida is connected with the
quest for an ancestry of the ostracodes (whose origin is obscure) for the
following three reasons: (1) that all speculations are governed by the assumption
that the ancestral forms were, as the ostracodes are, bivalve Crustacea; (2) that
the somewhat liberally interpreted external similarity of the bivalve carapaces
of the ostracodes, Leperditiida, and the bradoriids can be regarded as evidence
of the affiliation of the animals themselves; and (3) that, as a matter of fact,
Bradoriida are the only Crustacea found in the Cambrian whose bivalve habit is
reminiscent of ostracodes. Such considerations are sufficient in support of the
plausible idea that Bradoriida in a phyletic sense probably are the remote
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ancestors of the subsequent Ostracoda, but cannot lead to the conclusion that
they are 'true Ostracoda'. Most probably the ostracode ancestors were not
Ostracoda themselves.

As regards the carapace similarity the subclass Ostracoda as a whole cannot
be considered at all; the similarity with Bradoriida (Bradoria, Beyrichona,
Indiana) is apparent only in the leperditiids, which themselves are rather
different from the Palaeocopida, Podocopida, and Myodocopida-the bivalve
habit excepted. The similarities are: (1) the presence of an 'ocular tubercle'
sporadic in the Bradoriida and consistent in the leperditiids; (2) the occurrence
of a spicate retrocardinal angle, frequent in the Bradoriida and rare in Leperditia;
and (3) the retral swing of the carapace. Otherwise Leperditia and its relatives
are very different, with a thick calcareous test, unequal valves, and complicated
structure of the hingement and of the free margin, and of the muscle scars.

Of the similarities the retral swing of the carapace, a generality among
Crustacea (see bpik, 1961, p. 177), is meaningful anatomically: the rear of
the carapace is voluminous, retroplenate; it contains the larger posterior
part of the body, which is negligibly small in the Podocopida and Myodocopida.
To speculate, gapless closed carapaces of bradoriids (for example Svealuta)
and leperditiids could accommodate the abdomen doubled, or curled under
the cephalothorax.

The classification of the Upper Cambrian shells Leperditia harrisi Frederickson,
'Leperditiid ostracode', Palmer (1954), and ?Beyrichonidae gen. in.det., sp. D,
bpik (1963) remains inconclusive. Externally Palmer's specimens are reminiscent
of Walcottella Ulrich & Bassler, of the order Bradoriida. The Lower Cambrian
Cambria sibirica Neckaja & Ivanova, 1956, refers to a retroplenate ('leperditiid')
shell with a retrocardinal spine; I concur with Ivanova (1960, p. 25) in placing
Cambria in the family Beyrichonidae of the Bradoriida.

The neozoological concept of the Ostracoda, referable only to the Podocopida
and Myodocopida, defines these Crustacea as having no abdomen, or only
a rudiment of it, and an almost obsolete segmentation of the rest of the body.
This simplification was accomplished in the Podocopida in the Carboniferous
(Palaeocypris edwardsi; see Bassler & Kellett, 1934, p. 2). These simplified,
'abbreviated' Crustacea did not, however, exist continuously but evolved from
forms which possessed a complete tagmatism, as already suggested by Ulrich
& Bassler (1923, p. 274). The shells of the Podocopida offer no aspects for
a comparison with the Bradoriida and the probabilities of their phyletic
relationships are, therefore, in no need of a further discussion.

No connexion is apparent between the bradoriids Bradoria, Indiana, and
Beyrichona and the Palaeocopida (Beyrichiacea in the sense of Ulrich & Bassler);
but forms like Comptaluta and Ophiosema cannot be dismissed outright from
further considerations in search for beyrichioid ancestors.
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The question of what are and what are not Bradoriida became rather involved
through the discovery by Mueller (1964) of the -Phosphatocopida, with a
'dorsum' and an 'internal lamella'. With the 'dorsum' these bivalve Crustacea
are 'tri-valve' and reminiscent of certain phyllocarids; but the reality of the
internal lamella evident in etched material needs support from microsections
regarding the presence or absence of a calcareous lamella soluble in acid and
filling the space between the inner and outer phosphatic layers. The peculiarities
of the Phosphatocopida are absent in the valves and carapaces of the bradoriids
described in the present paper and not evident in the material described by
Matthew and by Ulrich & Bassler, which, however, appears worthy of re
examination. Adamczak's (1965) comparison of the structure of the Phosphato
copida with egg cases of modern Cladocera opens a new line in the study of
fossil bivalve Crustacea which are apparently unrelated to the Bradoriida. The
interval of time which separates the Cambrian Bradoriida and such Ostracoda
as have a known anatomy is rather wide, especially in terms of the progress of
evolution; consequently, the ostracode anatomy, a late grade of the evolution,
cannot be extrapolated into the remote past without ascribing to it an improbable
degree of immutability. The Bradoriida, however, can be compared with the
contemporaneous bivalve 'hymenocarids', whose anatomy is rather different
from ostracodes.

Comparison with Canadaspis (Hymenocaris of Authors)

Among the known Cambrian bivalve Crustacea, beside the abundant but
empty shells of the bradoriids the bivalve Hymenocaris vermicauda Salter is
rather conspicuous by its preservation as dead bodies with a multisegmented
abdomen. This unique genus constitutes a separate Order-the Hymenocarida
Clarke, 1909. A comparison of Hymenocaris with ostracodes is unnecessary
because of the fundamentally different organization of their bodies; at the same
time the carapace of H. vermicauda is known too little to be of use in a
comparison with the bradoriids. The carapaces of Canadaspis perfecta (Walcott;
1912, pI. 31, fig. 1) and of C. obliqua (Walcott, ibid., pI. 32, figs 1-3),
however, have the appearance of carapaces of a relatively large bradoriid, close
to Indiana Matthew. Without the body, empty shells (moults) of Canadaspis
would be placed in the Bradoriida, and no morphological features are evident
to place them into an order or family different from the Indianidae.

No Bradoriida have been found yet with the body preserved; nevertheless
the gap (slit) in the posterodorsal commissure of their carapaces can be interpreted
as the slot for the passage of the abdomen, which is missing in the 'true
Ostracoda'.

The rarity of finds of Canadaspis, and the singularity of the genus, seem to
be apparent only: in the Burgess shale exceptional conditions of preservation
of dead bodies suppressed, probably, the significance of the multitude of empty
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shells recovered and recoverable from other formations in a 'normal', but defective
and therefore misleading, state of preservation.

The informative Canadaspis bodies are mostly laterally flattened in shale.
This mode of embedding renders the count of appendages somewhat inconclusive,
suggesting the possibility that some of the legs of the buried flank may have
been projected onto the bedding plane of the exposed side. Moreover the structure
of the hinge is to some extent inconclusive.

Raymond (1935) has suggested that Hymenocaris (=Canadaspis) is univalve
but that the groove along the dorsum of its carapace 'may indicate the beginning
of a hinge'. Raymond's interpretation of the dorsal structure of Canadaspis
is the same as suggested by Ulrich & Bassler (1931, p. 3) for the bradoriids,
'the valves were always tightly joined along the back, often perhaps by fusion
of the cardinal edges'. Moreover, our own observations indicate that the carapace
of the bradoriids possessed a dorsocardinal groove along which the valves
were joined relatively firmly, even in outspread carapaces.

The articulation ()f the valves was implemented by the flexibility and elasticity
of the connective matter and by adductor muscles whose scars have a similar
position in Canadaspis and in the bradoriids.

The Bradoriida and Canadaspis, however, differ in the frontal structure of
the carapace: in Canadaspis according to Raymond (1935) a rostrum is
apparent, which is not yet evident in the bradoriids. The occurrence of a rostral
incisure and a rostral sclerite in carapaces with a rounded anterocardinal
angle, like Indiana and Bradoria, is still a possibility which needs further
investigation.

Another difference is indicated by the structure of the eyes, which are inter
preted as being stalked in Canadaspis and enclosed in eye tubercles in Bradoria.

The Crustacea Carnarvonia Walcott (1912) and Tuzoia Walcott (subsequently
described also by Resser, 1929, from a number of species) are also bivalve
carapaces, but of a rather large size. Carnarvonia, with its· moderately retro
plenate carapace, broad rim, and anterodorsal nodes, is reminiscent of Svealuta
primordialis (Linnarsson).

Tuzoia (Tuzoiidae Raymond, 1935) has spicate cardinal angles, lateral keels,
a reticulate ornament, no 'ocular tubercles'; the valves are even, without nodes,
and have numerous marginal spines. Tuzoia cannot be attributed therefore to
any of the families of the bradoriids; its systematic position within the Phyllocarida
still remains a matter of conjecture. Dioxycaris Guerich, based on Leperditia?
argenta Walcott, 1888 (lsoxys argenta, in Walcott, 1890), is probably a genus
of Tuzoiidae. Isoxys Walcott (Isoxyidae Brooks & Caster, 1956), which is
apparently a univalve, will not be discussed here.
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Review of Nomenclature and Concepts of Superior Taxa Involving the Bradoriida

Bradoriida, Ostracoda, Hymenocarida, Phyllocarida, Archaeostraca, and
Canadaspidida are the superior taxa of ordinal to subclass categories involved
in the discussion; they belong to Crustacea (class, or superclass, or subphylum),
which is in no need of further discussion.

Some of the concepts of these taxa are fundamental, being based on neozoological
material augmented by exceptional finds of well preserved fossils, as for example
Palaeocypris edwardsi. Others (Canadaspidida, Hymenocarida, Archaeostraca)
are based on extinct Palaeozoic forms of which the carapace and parts of the
body are known. Such concepts are informative and therefore to some degree
fundamental. The third mass of material, comprising the Palaeocopida, Leperditiida,
and Bradoriida, is available only as carapaces and valves; their taxonomy is
a taxonomy of integuments but not of the animals themselves. The morphology
of the carapace provides for taxa of species, genus, and family groups; but
orders aggregated of such taxa and defined in terms of carapace morphology remain
inconclusive. In general classifications such incompletely known taxa are assigned
to the fundamental ones but with two different approaches: (1) the fundamental
concepts are only little, or not at all, modified by the supplements, but the
supplements are treated with a benefit of doubt; and (2) integrated concepts
are proposed. As a matter of fact, these methods are the only possible ways
of gaining insight into classificatory problems ahead of revealing discoveries.
The concepts, definitions, and diagnoses thus constructed are forecasts and
working models and the general classifications are experimental frameworks of
models.

Order Ostracoda Latreille, 1806. The concept is neozoological and fundamental,
when applied to the Podocopida and Myodocopida, recent and fossil; the subsequent
designations as subclass or class are essentially dictated by the need to emphasize
the separation of the Ostracoda from all other Crustacea (for example
Malacostraca) .

Order Ostracada of T. R. lanes, of G. F. Matthew and other early authors.
The name Ostracoda was used by these authors as a heading in describing fossil
shells of 'bivalve Entomostraca', including the bradoriids.

Superorder Ostracada, attributed to Latreille. This designation was employed.
by Ulrich & Bassler in 1906-1934; the Bradoriida were excluded and regarded
as Conchostraca. The concept employed by Ulrich & Bassler is essentially
neozoological; they were, however, convinced (1908, p. 279) 'that students of
fossil species, especially those found in Palaeozoic rocks, cannot expect much
help in their labors from even an extensive knowledge of living forms'. Ulrich
& Bassler produced a high-quality taxonomy of carapaces within the species to
superfamily categories, based strictly on morphology.
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Subclass Ostracodoidea !vanova, 1960. The Subclass includes the orders
Bradoriida, Leperditiida, and Ostracoda, as equal but disparate integrates; the
introduction of the new name Ostracodoidea results in the conservation of
the Ostracoda Latreille as an order, but the concept of the order is still an
optimistic integration of zoological and of fossil (carapace) material. The
classification aims at a presentation of phylogenetic conjectures as visualized by
its author.

SUbclass Ostracoda (Latreille) Sylvester-Bradley, 1961. This classification is
based essentially on the morphology of the bivalve carapace; the Bradoriida
are included in the subclass and regarded as 'true Ostracoda'.

Order Bradoriida (Bradorina) Raymond, 1935. Raymond (1935) was of
the opinion that the Bradoriida are not Conchostraca, and this should be accepted:
furthermore, he did not even consider an affiliation of the Bradoriida with the
ostracodes. Raymond's choice was the 'subclass Archaeostraca, order Bradoriida
(leading to Ostracodes)', of the Malacostraca. The Hymenocarida (here
Canadaspis) , however, according to Raymond have biramous appendages and
are not Malacostraca, and therefore not affiliated with the Bradoriida.

Morphology

The morphology of the bradoriids is evident in the illustrations; in the
explanation of the Text-figures homologous features are marked with the same
letters; some of these features have, however, different positions in taxonomically
different specimens.

The carapace is the integument of the cephalothorax and is devoid of features
which could be interpreted as imprints of the segmentation of the body. The
carapace is bivalve, with two valves articulating on a dorsal axis or hinge. This
is sunk in a shallow dorsocardinal groove, with the dorsal margins of the
valves joined edge to edge and held together by a flexible and probably elastic
medium of unknown, apparently organic, composition. In exuvia valves become
separated from each other or remain in junction as seen in outspread carapaces.
The evidence of moulting has been discussed earlier (Opik, 1961) . The
orientation of fore and aft is no problem and is the same as in Canadaspis and
Hymenocaris: the retral swing and the retroplenate form are repeated in the
bradoriids; a tubercle or node in the anterodorsal position is also sometimes
present; it is commonly regarded as the ocular tubercle. Its connexion with
the eyes, however, is not evident, but only inferred from the frontal position
of the tubercle when present.

The free margins of valves are provided in some forms with a narrow doublure;
in others no doublure has been observed. The structure of the free margins is,
however, unknown in the majority of described species of bradoriids and it is
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unwise to generalize. Nevertheless the presence of a doublure indicates a
growth by moulting. The valves are of equal size and close margin to margin,
without overlap. In some forms, as for example in Svealuta, the commissure
of the closed carapace is gapless. Ulrich & Bassler (1931) have also illustrated
closed carapaces of Walcottella and Indiana gaping in the front and in the rear.
It cannot be proved from existing evidence that accidental, post mortem
deformation produced these gaps; it is, however, a fair assumption that carapaces
gaping in this manner were unable to accommodate the rear of the body as
well as the foremost appendages. The forms described in this paper differ in
having no frontal gap; but a slit-like gap is present in the retrodorsal part of
the closed carapace, interpreted as a slot for the passage of the abdomen. In
plan, the margins of that gap may be curved convex or concave, or conspicuously
straight as in Bradoria alaris sp. novo and Indota otica sp. novo The number of
forms for which the presence of the posterior gap is suggested is relatively small
and further inquiry is needed regarding its incidence and structure. Complete and
undistorted carapaces are needed to confirm inferences from isolated valves.
The homology of the gap with the caudal siphon of some myodocopids seems
to be quite improbable.

A common feature in bradoriid carapaces is the spicate cardinal angles.
Bispicate forms having an anterocardinal prong are rare; but a retrocardinal
spine is more frequent. These prongs are halved longitudinally by the com
missure, and each of the half-spines is hollow and part of the cavity of its
valve; the same applies to spines and spurs of the free margin, as for example
in Comptaluta gen. novo

It is tempting to designat~ the anterocardinal prong as a rostrum; the rostrum
in univalve carapaces is an azygous sclerite confluent with the carapace, or a
single free piece known, for example, in some Archaeostraca and interpretable
as the tergite of the ocular segment; the term 'rostrum' could be used in its
noncommittal sense of a beak or prong, but it would be rather speculative to
attribute a crustacean rostrum to the bradoriids. Moreover, the anterocardinal
prong is mostly a drawn-out angle rather than a well defined spine. A rostraI
incisure is not evident in the bradoriids, but Raymond ( 1935) mentions
Hymenocaris (=Canadaspis) as having this incisure and a rostrum inserted in
the cleft.

The chemical composition of the test is known approximately: resistant to
weak acids, it consists essentially of calcium phosphate; in sediments rich in
organic matter (black shale, bituminous limestone) the tests contain the same
matter. The common reference to -a 'calcareocorneous' composition is misleading,
and participation of chitin is a reasonable but not proven assumption. Phosphate
is a general component of crustacean integuments, although calcium carbonate
prevails in ostracodes. -
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Text-figures l·G-Diagrams of right valves.

1. lndota otica gen. nov., sp. novo
2. Tropidiana cirrata gen. nov., sp. novo
3. Bradoria curvifrons sp. novo
4. Bradoria alaris sp. novo
5. Bradoria petalina sp. novo
6. Bradoria cornulata sp. novo
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Text·figures 7·10

7. Ophiosema spicatum, gen. nov., sp. nov.,) right valve.
8. Ophiosema sp. novo aff. spicatum, left valve.
9. Comptaluta calcarata gen. nov., sp. nov., right valve.

10. Comptaluta profunda sp. nov., right valve.

Explanation of letter symbols, Text-figures 1-10

a - Anterodorsal angle with or without the anterocardinal spike.
ab - Dorsal margin of valve; dorsocardinal groove of carapace.
ae - Frontal free margin (convex, concave).
b - Posterodorsal angle with or without the retrocardinal spike.
bc - Posterodorsal free margin; also the rear gap or slit of the carapace when present.
c - Posterior marginal extremity.
cv - Posteroventral margin.
d - Marginal rim (bound by the marginal groove).
dr - Rim of the dorsal margin.
e - Frontal extremity (spicate, or angulate, or rounded).
ev - Anteroventral margin.
I - Loop on flank.
In - Subdorsal part of loop; subdorsal swelIing.
mn - Submedian node on flank.
ms - Muscle spot.
n - Subdorsal node in Ophiosema; anterodorsal swelIing in Comptaluta.
ot - Ocular tubercle.
S - Rear marginal swelling or ridge.
u - U-shaped ridge on flank.
ug - U-shaped groove.
v - Midventral margin (ventral culmination of margin).
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The tests are very thin, and mechanically flexible: creased and wrinkled
specimens are common; valves crushed into a mosaic of angular fragments as well
as angular fragments of valves occur as well. During life the thin phosphatic
valves were presumably elastic rather than flexible and pliable.

Muscle spots in a subcentral position have been mentioned in a single
specimen of Indiana primaeva (Ulrich & Bassler, 1931, pI. 9, fig. 9); according
to Matthew (1902, p. 140; 1903, p. 153) 'many examples occur in which the
muscle scar holds an anterior position near the hinge line', behind and close to
the ocular tubercle. According to Walcott (1914, pI. 31, fig. 1) in Hymenocaris
perfecta (Canadaspis) the adductor muscle scars are present in a similar position.
In Bradoria petaloides sp. nov., Bradoria cornulata sp. nov., and Comptaluta
calcarata sp. novo spots interpretable as muscle attachments are also located
in the anterodorsal part of the valves.

Somewhat surprising is the bradoriid Walcottella Ulrich & Bassler, whose
species have a 'larger eminence', a conspicuous node close to the middle,
but still variable in position, depending on the species: according to Ulrich &
Bassler this node 'doubtless corresponds to the muscle spot' of the Leperditiidae.

The similarity in position, is of course, evident; but the structure of the
outward pointing hollow node or even spine of Walcottella has no similarity
to the muscle scars observable on the inside walls of the carapace of Leperditia
and ostracodes; the Walcottella eminence, however, is a lateral node of the kind
seen in other Bradoriida as well as in Archaeostraca; the function of these diverse
features of relief is unknown, but it was not connected with adductor muscles.

The following morphological features of Bradoriida supply no particular
information regarding the affinities of the order, but are significant in the
taxonomy of species, genera, and families. Such features are the absence or
presence of the marginal rim and its structure, and of the marginal groove;
marginal spines and spurs; diversity in the convexity of the carapace, in relative
proportions of parts of a valve, and in the shape of the marginal outline: the
frontal margin, for example, may be convex forward, or concave, or almost
straight and oblique, etc. Furthermore the flanks can be even, or provided
with ridges, nodes, and swellings in a diversity of forms and variously distributed.
Their anatomical meaning is unknown, and no segmentation is manifest in
the distribution of these features of external relief. Finally, the ornament may
consist of concentric raised lines, netted lines, veins, granules, pustules, papillae,
and punctation.
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The name Indianites has been published by Ulrich & Bassler, 1931: 'Indianites,
new name for the Cambrian crustacean Indiana Ulrich & Bassler.' J. Wash. Acad.
Sci., 21, 364. Vide Rowel! B. E, 1963: J. Paleont., 37, 267.



SYSTEMATICS

Class CRUSTACEA

Order BRADORIIDA Raymond, 1935

The original spelling by P. Raymond is Bradorina; the spelling Bradoriida as
suggested by bpik (1961, p. 173), and even earlier by Ivanova (1960), is
neither a new name nor a 'new order'; the name is derived from the generic
name Bradoria, which suggests the etymologically correct form Bradoriida. The
change of the ending from '-ina' to '-ida' was necessary because otherwise the
original form Bradorina could be mistaken for a subordinal name against the
intention of its author, Raymond.

The aspects of the affiliation of the Bradoriida are discussed above in a
separate chapter. It appears that Canadaspis and the Bradoriida are rather close
to each other: their carapaces are similar; Canadaspis is based on a small number
of specimens whose appendages and parts of the body escaped destruction, and
the Bradoriida refer to the empty carapaces, most of which are moults anyway.

As seen from the heading above (Crustacea; Bradoriida) I reserve my opinion
regarding the subclass of the bradoriids; the problem of the relationship of
the Archaeostraca with the Hymenocarida and Canadaspis cannot be solved
yet, but Ostracoda are rather improbable. It is also possible that the Bradoriida
are affiliated with the Phyllocarida: the carapaces of Aristaluta bpik, 1961,
and of Bradoria as described here are in general and even in some detail similar
to the Silurian phyllocarid Aristozoe parabolica Perner (Chlupac, 1963, pI. 13,
figs 1-3).

Family INDIANIDAE Ulrich & Bassler, 1931

The name 'Indianitidae' is a nomen nudum. Resser (1938) was the first to
employ the generic name Indianites in the erroneous belief that it was introduced
by Ulrich .& Bassler (1931). What Resser meant by Indianites is unknown:
it mayor may not be intended as a replacement name for Indianidae and
Indiana. The whole problem of this obscure nomenclature is discussed below
under the title 'genus-name Indianites'.

The concept of the family Indianidae as outlined by Ulrich & Bassler (1931,
p. 68) remains valid, but it should be noted that 'gaping' carapaces are present
in other families as well.

Two new genera, Indota and Tropidiana, are described here as forms of
the Indianidae. Of these, Tropidiana with its external u-shaped ridge contradicts
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the statement regarding the surface of the valves as 'even' and smooth; in all other
characters, however, including the absence of an 'eye tubercle', it satisfies the
concept of Indianidae.

Genus-name Indianites

The name Indianites was published to my knowledge first by Resser & Howell
(1938, p. 233, pI. 5, fig. 6) as 'Indianites? species undetermined'; it is a bradoriid,
probably of the genus Indiana Matthew. This form of reference presumes that
a genus Indianites had been published before 1938. Subsequently, Resser (1938,
p. 107) in describing Indianites tennesseensis n. sp. refers it to 'Indianites Ulrich
& Bassler, 1931'. This quotation is incomprehensible because Ulrich & Bassler in
1931 did not mention the name 'Indianites' and Bassler & Kellett (1934, p. 336)
mention only the name Indiana Matthew. Nevertheless, Sylvester-Bradley (1961,
p. 103) refers to 'Indianites Ulrich & Bassler, 1931' as an objective synonym
of Indiana Matthew. Finally, Laurence & Palmer (1963, p. C54) also refer
to Indianites as an objective synonym of Indiana. It is concluded, therefore,
that the name 'Indianites' attributed to Ulrich & Bassler, 1931, and not acknow
ledged by Bassler (in Bassler & Kellett, op. cit.) is an authorless nomen nudum.

The background to the emergence of the name 'Indianites' is evident in
Ulrich & Bassler (1931, p. 69): (1) Indiana ovalis Matthew-the 'type' of
its genus by custom but not by legal designation-is regarded as a Bradoria;
(2) Ulrich & Bassler selected therefore 'another genotype'-Indiana lippa
Matthew. It is, however, apparent, that lippa is the first legal designation, and
stands as the type species of Indiana Matthew; hence, no new generic name is
necessary because no homonymy was created by the subjective transfer of
Indiana ovalis under Bradoria. The nomenclatorial history of 'Indianites' is a
'stopped in mid-air' case of a subjective homonymy and not of objective synonymy
as presumed by Sylvester-Bradley (1961) and Laurence & Palmer (1963).

Genus INDOTA novo

The type species of Indota is I. otica sp. novo

Diagnosis: Indota refers to Indianidae distinguished by a convex rim separated
by a concentric furrow or groove from the main part of the valves.

Differential diagnosis: Indota resembles Indiana in the shape of the carapace
and the absence of an 'eye tubercle', nodes, and swellings, but Indiana lacks
the marginal rim and groove.

Two species are attributed to Indota: (1) lndota otica, and (2) 'Indianites'
tennesseensis Resser, 1938. According to Laurence & Palmer (1963) Indiana
('Indianites') tennesseensis is papillate, and differs, therefore, from the smooth
I. otica.
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It should be noted that tennesseensis is the first species referred to 'Indianites',
but cannot be regarded as the type of 'Indianites'.

INDOTA OTICA sp. novo

(PI. 1, figs 1-4; Text-fig. 1)

Material: Four valves are illustrated showing different modes of preservation.

Iiolotype: The left valve, Plate 1, figure 2, CPC 7625, the best preserved
specimen, is selected as the holotype.

Diagnosis: Indota otica sp. novo is distinguished by its smooth test and the
concave recess of the anteroventral margin.

Differential diagnosis: Indota tennesseensis (Resser, 1938) is not smooth, but
papillate, and its ventral margin is evenly curved (see Laurence & Palmer, 1963).

Description: The test is very thin, without ornament and impunctate. The
carapace, reaching 5mm in length, is of a medium to large size for a species
of Indianidae. The length/height ratio is variable around 1.6 to 1.75, depending
on deformation. It is also probable that carapaces of different size (4.0mm and
4.6mm) represent separate moulting instars.

The dorsal margin is short, shorter than the height of the carapace. The
dorsal angles are rather wide, abrupt, and the posterodorsal angle seems to
be the largest. The carapace is quite oblique, with a strong retral swing, and the
greatest height is clearly behind the posterodorsal angle. The rim is moderately
convex, wide in front and rear, but relatively narrow at the anteroventral
marginal recess, and peters out at the dorsal angles. The hinge is straight and
the dorsal edges of the valves show no particular hingement structures, and
are not extended into spines. The dorsal, anterior, ventral, and ventroposterior
edges of both valves are in a single plane, and in contact in the closed carapace;
deflected from that plane are the straight retrodorsal edges, which in closed
carapaces should leave open a slit or a gap extending from the posterodorsal angle
down to the point of the abrupt change in curvature of the posterior margin.

Comment on illustrated specimens

Complete carapaces are not available.

The right valve Plate 1, figures la, lb, CPC 1624, is 4.5mm long and 3.1mm
high; the test is crushed in shale and the marginal groove is partly obliterated
by compression.

The holotype left valve, Plate 1, figure 2, CPC 7625, is 4.0mm long and
2.5mm high; the matrix is chert and the deformation is negligible. The smooth
test is roughened by secondary granular silica.
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The left valve Plate 1, figure 3, CPC7626, is 4.2mm long and 3.0mm high.

The left valve Plate 1, figure 4, CPC 7627, is 4.0mm long and 2.6mm high;
the silicified test is creased, but otherwise preserved; it is very thin and smooth.

Occurrence and age: Indota otica is common in shale and chert, Yelvertoft Beds,
locality M426, Mount Isa Sheet area; the age is Ordian.

Genus TROPIDIANA novo

The type species of Tropidiana is T. cirrata sp. novo The genus is monotypical.

Diagnosis: Tropidiana refers to Indianidae with a rim and marginal groove
distinguished by a u-shaped combination of a ridge and groove on each flank
of the carapace.

Differential diagnosis: Tropidiana differs in its u-ridge from Indiana and Indota,
whose flanks are totally smooth without any prominent features.

TROPIDIANA CIRRATA sp. novo

(PI. 1, figs 5 and 6; Text-figs 2 and 11)

Material: The two illustrated specimens constitute the whole available material.

Holotype: The specimen Plate 1, figure 5, CPC 7628, is selected as the holotype
because it is less deformed than the other carapace.

Diagnosis: The generic diagnosis serves as the diagnosis of the species T. cirrata,
with the following supplement: the u-shaped ridge is relatively low, but the
accompanying narrow groove along its inside slope is relatively deep, and
the ventral margin is evenly convex.

Differential diagnosis: the difference from other species of the family Indianidae
is given in the diagnosis of the genus.

Familial relationship: the shape of the carapace and absence of spine-like
extensions of the dorsal angles indicate the family Indianidae as the nearest
taxon of the bradoriids.

Description: Descriptive data are given in the diagnosis and in the comment
on illustrated specimens. The test is very thin, the dorsal margin of a valve
is a clean-cut but otherwise structureless edge; the retral swing is strong, the
anterior margin protrudes forward only moderately; the dorsal angles are wide
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and abrupt, the ventral margin is curved convex, and the posterior margin
in its upper part is straight. The test is smooth, unornamented.

Comment on illustrated specimens

The holotype, Plate 1, figure 5, CPC 7628, is 4.8mm long and 3.0mm high;
it is apparently a complete closed carapace in shale exposing the right valve,
which lost almost all of its test; at the rear and the ventral margin, parts of
the doublure of the left valve are preserved.

Text·fig. 11

The specimen Plate 1, figure 6, and Text-figure 11, CPC 7629, is a complete
carapace with outspread valves in friable silica. It is 4.4mm long, and a single
valve is 2.5mm high. The thin test is creased, the u-ridge is partly obliterated,
but the groove is well visible. The marginal rim and groove are well preserved.
On the right valve a spine of a trilobite left its imprint; in the same valve
short radial folds seem accidental.

Occurrence and age: Tropidiana cirrata is a rare fossil in the Yelvertoft Beds,
locality M426, Mount Isa Sheet area. Its age is Ordian.

Family BRADORIIDAE Matthew, 1903

The genus Bradoria alone is represented in our collection, with four new
species. Of these, Bradoria cornulata possesses a conspicuous 'eye tubercle' in an
anterocardinal position; in the three other species, however, this tubercle is
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low and is placed somewhat off the subdorsal position seen in most of the
species of the genus. Other peculiarities of Australian Ordian forms are the
presence of a rim, the swelling at the posterodorsal margin of B. petalina sp.
novo and B. cornulata, and the absence of punctation. Species of Bradoria occur
also in the Templetonian (for example, in the Beetle Creek Formation of
Queensland); they have a punctate test.

Genus BRADORIA Matthew, 1899

Four species of Bradoria are described next: B. curvifrons, B. alaris, B. petalina,
and B. cornulata; all are new. The two first named are rare, the other two are
rather common; valves of B. petalina may even cover a bedding plane in shale.

These species have the following features in common: (1) a very thin test;
(2) a more or less distinct marginal rim (a rim has been noted by Matthew
in some of his species); (3) a plain dorsal margin in each valve, without any
complicating hingement structures; (4) a tubercle, or node ('the ocular tubercle')
at the anterodorsal extremity; (5) a retrocardinal spine (a spicate retrocardinal
extremity), noted also in Bradoria perspicator and B. spectator mut. spinosa
of Matthew. The posterior and dorsal commissures pass through the spine,
splitting it into a left and a right hollow half; (6) a straight (in plan)
retrodorsal margin down from the spine to the posterior extremity. In Plate 2,
figures 3 and 6, this part of the margin is deflected outward, indicating the
presence of a slit (gap) which remains open in closed carapaces; (7) a narrow
marginal doublure, apparent in Plate 2, figures 1a-I d.

Outspread carapaces are not available; the holotype of B. petalina is a
flattened carapace; one specimen, Plate 2, figure 4, is also a complete closed
carapace. The rest of the illustrated specimens are isolated valves; but some
may be still flattened complete carapaces exposing only one of its valves.

BRADORIA CURVIFRONS sp. novo

(PI. 1, figs 7a, 7b; Text-fig. 3)

Material: Only the holotype CPC 7630, a right valve, is available; it is relatively
large, 6.0mm long and 4.5mm high, and flattened in shale.

Diagnosis: Bradoria curvifrons sp. novo is distinguished by its circular and low
'ocular tubercle', by the relatively low position of that tubercle away from the
anterolateral angle, weak rim, and somewhat even curvature of the ventral
margin; its anterior margin is subangular and protrudes forward.

Differential Diagnosis: In the hitherto described species of Bradoria the 'ocular
tubercle' is placed close to the anterodorsal angle and the test is ornamented;
in B. curvifrons it is, however, smooth. Furthermore, in B. alaris sp. novo the
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shape is different, B. cornulata sp. novo is distinguished by its strong 'ocular
tubercle' and the posterodorsal ridge, and B. petalina lacks the protruding
anterior extremity of curvifrons.

Description: The rim is weak, but provided with a narrow doublure; the
valve is only slightly oblique and the retral swing weakly developed; the narrow
remnant of the test seen in figure 7b, at the anterior part of the dorsal margin,
may belong to the left valve, which has not been recovered.

Occurrence and age: The specimen of Bradoria curvifrons sp. novo comes from
the Yelvertoft Beds, locality M426, Mount Isa Sheet area; its age is Ordian.

BRADORIA cf. CURVIFRONS

(PI. 2, fig. 7)

The illustrated left valve, CPC 7638, is 3.8mm long and 3.2mm high, and
the position of the 'eye tubercle' is reminiscent of B. curvifrons sp. novo The
outline, however, is symmetrical and no retral swing is apparent. It differs,
therefore, from curvifrons by its greater relative height and symmetry. The
specimen, however, is too worn for further comparison; it may even be a
worn specimen of B. cornulata.

Occurrence and age: The specimen comes from the Yelvertoft Beds, locality
M426, Mount Isa Sheet area; the age is Ordian.

BRADORIA ALARIS sp. novo

(PI. 1, fig. 8; Text-fig. 4)

Material: The holotype, CPC 7631, a right valve flattened III shale, is the only
available specimen. It is 4.6mm long and 3.4mm high.

Diagnosis: Bradoria alaris refers to very oblique valves with a strong retral
swing, long and very straight posterodorsal free margin, rounded anterodorsal
corner, relatively wide rim (widest at the posteroventral margin), and the low
and subcircular 'eye tubercle' placed at some distance from the dorsum.

Differential diagnosis: The position and shape of the 'eye tubercle' reminds
one of Bradoria curvifrons sp. nov.; the remaining characters and their combination,
however, indicate a species which cannot be compared with any of the hitherto
described forms.

Description: All descriptive data are included in the diagnosis.
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Occurrence and age: The specimen of Bradoria alaris sp. novo comes from the
Yelvertoft Beds, locality M426, Mount Isa Sheet area; its age is Ordian.

BRADORIA PETALINA sp. novo

(PI. 2, figs 1-5; Text-fig. 5)

Material: Five specimens are illustrated, selected from a large number.

Holotype: The specimen Plate 1, figures la-Id, CPC 7632, representing the
right and left valve of a closed carapace (both are also cast in rubber), is
selected as the holotype.

Diagnosis: Bradoria petalina is distinguished by its petaloid shape, without
retral swing, rounded and subdorsal anterior extremity, rearward inclined frontal
margin, narrow and externally ill defined rim, low subcircular 'ocular tubercle',
and by a low and elongate swelling below the retrocardinal spine and parallel
to the straight posterodorsal free margin.

Differential diagnosis: From the concomitant species B. petalina is easily
distinguished by its rounded anterodorsal angle, and rearward-inclined frontal
margin, which is curved forward in B. curvifrons and cornulata; B. alaris differs in its
strong retral swing. A posterodorsal swelling occurs in Beyrichona Matthew,
whose valves are, however, sulcate; Escasona Matthew contains some petaloid
forms, but their carapaces are very high and triangular. In species attributed
to Aluta by Ulrich & Bassler (1931) the anterodorsal angle is acuminate and
the flanks bear various ridges and swellings. Hymenocaris(?) oelandica Holm (in
Westergaard 1936, pI. 12, figs 10-12) is also petaloid, but it lacks an 'ocular
tubercle'.

Description: Essential descriptive data are included in the diagnosis and in
the comment (below). Also the test is very thin, external ornament is absent,
the dorsal commissure is a plain marginal edge, the doublure is probably flat,
and the marginal groove shallow. A subcircular spot behind the eye tubercle
seen in Plate 2, figures 1d, 3, and 4, and recurrent in several more specimens,
represents probably the site of an adductor muscle attachment.

Comment on illustrated specimens

The holotype, Plate 2, figures la, 1b and figures 3a, 3b, CPC 7633, is
4.0mm long and 3.45mm high; note that each valve is fractured in a different
manner; the longitudinal fold, somewhat different on each valve, is a result
of collapse. The rim, the doublure, the 'ocular tubercle', the submarginal
posterodorsal ridge, and the retrocardinal spine are preserved.
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The specimen Plate 2, figure 2, CPC 7633, is 4.0mm long and 3.3mm high,
slightly smaller than the holotype.

The left valve Plate 2, figure 3, CPC 7634, is 4.0mm long and 3.1mm high;
it has retained its test and convexity; the rim is inconspicuous, the 'ocular
tubercle' low, and the test smooth.

The complete carapace Plate 2, figure 4, CPC 7635, is large-5.0mm long
and 3.8mm high; the test is preserved.

The specimen Plate 2, figure 5, CPC 7636, is small-about 3.3mm long; two
right valves are in accidental overlap.

Occurrence and age: Bradoria petalina sp. novo occurs in abundance in the
Yelvertoft Beds, locality M426, Mount Isa Sheet area. Its age is Ordian.

BRADORIA CORNULATA sp. novo

(PI. 2, fig. 6; Text-fig. 6)

Material: A single specimen, the holotype, CPC 7637, is illustrated; it is
selected from a small number of less well preserved specimens. The holotype is
4.1mm long and 4.0 high, and its silicified test is preserved.

Diagnosis: Bradoria cornulata is a species with a conical and pointed 'ocular
tubercle', with a low elongate swelling of the posterodorsal margin placed on
the rim below the retrocardinal spine, with a distinct and moderately wide rim,
with convex and protruding frontal and rear margin, but without a retral
swing. The test is impunctate but covered with an irregular net of low and
almost imperceptible raised lines.

Differential diagnosis: Bradoria cornulata differs from the concomitant species
by its prominent 'ocular tubercle'; with its posterodorsal swelling and absence
of the posterior swing it is reminiscent of Bradoria petalina sp. nov., whose
'ocular tubercle', is, however, low and whose front does not curve forward.
Several species of Bradoria described by Matthew also have the 'ocular tubercle'
quite prominent, but in these the test is punctate. Bradoria subacuminata Saito
(1934, p. 233, pI. 27, figs 25-27) from the lower Redlichia shales of Korea
is also smooth and petaloid. It differs, however, from B. cornulata in having
the ocular tubercle close to the anterocardinal angle, a stronger rim, and a
stronger obliquity. Its age is apparently Ordian.

Description: Descriptive data are included in the diagnosis; a circular spot
behind the ocular tubercle defined by a weak raised line probably represents an
adductor muscle scar.
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Occurrence and age: Bradoria cornulata is a relatively rare fossil in the Yelvertoft
Beds, locality M426, Mount Isa Sheet area; its age is Ordian.

Family BEYRICHONIDAE Ulrich & BassIer, 1931

Species attributable to Beyrichonidae are unknown in Australia as yet.
Matthew's genera Beyrichona, Escasona, and Hipponicharion, and Sellula Wiman
(1905; not 1902, as generally believed) constitute that family. A lutella nakamurai
Kobayashi & Kato, 1951 (p. 139), has been provisionally placed in -the
Beyrichonidae, but some similarity with Svealuta (Leperditia) primordialis
(Linnarsson) has been also suggested by its authors. It differs, however, from
Svealuta in having a rather prominent 'ocular tubercle', which is absent in
Svealuta. Ulrich & Bassler (op. cit., p. 4) included in the Beyrichonidae the
genera Eremos Westergaard and Polyphyma Groom, which, however, cannot
be accommodated in any of the already established bradoriid families. A luta
was also included, but for reasons given below it cannot be retained in
Beyrichonidae. For Hipponicharion Sylvester-Bradley (1961) established the
Family Hipponicharionidae. This family is regarded here as a synonym (subjective)
of the Beyrichonidae because its type genus Hipponicharion differs only by
the stronger development of ridges and lobes, which are weak but still present
in certain species of Beyrichona. Still, Beyrichona and Hipponicharion are
separate genera.

Family ALUTIDAE Huo (1956, p. 426)

The name Alutidae is applicable only to the genus Aluta Matthew, 1896,
which is monotypical and whose type species is Aluta flexilis Matthew, which
is known from a single specimen only. This holotype, however, is according to
Ulrich & Bassler (1931) too imperfect for a specific and generic diagnosis.
Hence, the legitimate names Aluta and Aluta flexilis should be restricted to the
holotype, and 6pik (1961, p. 176) mentions that the family name Alutidae
Huo (1956) will also remain without a proper definition. It is concluded that
the names Aluta and Alutidae refer to undefinable taxa and should not be used
in designation of specimens other than the holotype of Aluta flexilis. The status
of some of the species placed in A luta by Wa1cott (1913) as well as by Ulrich
& BassIer (1931) is as follows:

Aluta troyensis (Ford), described originally as Leperditia troyensis, needs
material revision and a new generic name; for the time being it is considered
familiae incertae. Aluta primordialis (Linnarsson) is now the type species of
Svealuta 6pik (1961). Aluta woodi (Wa1cott) and A. bergeroni (Walcott) belong
to the Comptalutidae fam. nov.; A. woodi is a species of Ophiosema gen. novo
and A. bergeroni is an effaced species of the same genus. Aluta eris (Wa1cott)
belongs probably to Comptaluta gen. novo Aluta enyo (Walcott) is probably
related to Aristaluta bpik (1961); Aristaluta itself can be placed provisionally
in the Comptalutidae.
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The seven genera of Alutidae described by Huo (1956) require a special
study as regards their family, or families: the illustrations display forms different
from the Ordian genera; further comment, however, is reserved, because the
text is written in Chinese. The additional notes of Huo (1965) are provided
with a summary in English; his new family Sunellidae of Archaeostraca is
not evident in Australia.

Family COMPTALUTlDAE novo

The type of the family is Comptaluta gen. novo (Comptaluta. calcarata gen.
novo et sp. nov.).

Diagnosis: The Comptalutidae are distinguished by a narrow and prominent
marginal rim, variously emphasized nodes in the upper half of the valve
connected or even partly replaced by a narrow curved ridge; the nodes and
the ridge may be suppressed or almost effaced, as for example in Ophiosema
bergeroni (Walcott), which possesses a ridge only in its anterodorsal part.

Differential diagnosis: The Comptalutidae differ from the carapaces of other
families of Bradoriida by the combination of characters given in the diagnosis.
The comment on the family Alutidae (above) refers to hitherto described
species placed here in the Comptalutidae; named genera of the family are
Ophiosema gen. nov., Comptaluta gen. nov., and (provisionally) Aristaluta
bpik (1961).

Genus OPHIOSEMA novo

The type of Ophiosema is O. spicatum sp. novo

Diagnosis: Ophiosema refers to carapaces with a narrow but prominent marginal
rim, acute dorsal extremities, a subdorsal node on each valve, and distinguished
by a narrow ridge forming a loop on each flank.

Another species of the same genus is A luta woodi (Walcott, 1913), revised
by Ulrich & Bassler (1931, p. 56, pI. 8, figs 7 and 8). Walcott (1905)
originally placed the species woodi in Bradoria.

Differential diagnosis: In Tropidiana gen. novo a ridge is also present, but it
is u-shaped, and not looped; furthermore, the structure of its rim and the shape
of the carapace are rather different from Ophiosema. In Hipponicharion Matthew
the marginal rim is also narrow and prominent, but its subtriangular shape,
almost complete absence of obliquity, and the peculiar relief of its flanks,
are rather distinctive.
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OPHIOSEMA SPICATUM Sp. novo

(PI. 3, figs 1 & 2; Text-fig. 7)

Material: Illustrated are two carapaces with outspread valves. Isolated but ill
preserved valves are also present; owing to its small size specimens of O. spicatum
easily escape recognition and should be therefore regarded as rare.

Holotype: The specimen Plate 3, figure 1, CPC 7639, is the better preserved
and is therefore selected as the holotype.

Diagnosis: Ophiosema spicatum sp. novo is distinguished by the relatively large
size of the lateral loop, spicate dorsal extremities, forward-arched anterior
margin, forward-placed subdorsal node, and pustulose ornament.

Differential diagnosis: In Ophiosema woodi (Walcott) Ulrich & Bassler (1931,
pI. 8, figs 7 and 8) the loop is small, the anterior extremity is drawn out to a
point, the anterior margin recedes obliquely downward, and the test is punctate.

Description: The marginal rim surrounds the valve, including its dorsal margin;
the area enclosed in the loop is subrectangular; the valve is oblique with a
moderate retral swing; the upper part of the rear margin is slightly sinuous
and passes over abruptly but without angularity into the forward and down
swinging ventral margin. A marginal doublure is absent. The described specimens
are flattened in shale; uncompressed fragments, however, indicate a strong
retroplenate convexity similar to Comptaluta calcarata sp. novo

Comment on illustrated specimens

The holotype, Plate 3, figure 1, CPC 7639, is 1.7mm long and a single valve
is 1.25mm high; the dorsal margin is 1.4mm long; the subdorsal node is visible
on the right valve; the ornament (pustules) is preserved only in parts.

The specimen Plate 3, figure 2, CPC 7640, is 1.9mm long, with a single valve
about 1.4mm high; the pustulose ornament is somewhat masked by grains of
the matrix.

Occurrence and age: Ophiosema spicatum sp. novo comes from shale of the
Yelvertoft Beds, locality M426, Mount Isa Sheet area; its age is Ordian.

OPHIOSEMA sp. novo ail. SPICATUM

(Text-fig. 8)

Reason for open nomenclature: The name of the new species is reserved because
a specimen to serve as a holotype cannot be selected now.
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Material: A large number of specimens, all isolated valves, are available for
study. The new species differs from Ophiosema spicatum sp. novo in having the
loop smaller, with ridges forming a noose; and its valves are longer, averaging
2.0mm in length.

Occurrence and age: Ophiosema sp. novo ail. spicatum occurs at several localities
of the Huckitta and Elkedra areas of the Northern Territory, in the Sandover
Beds; its age is latest Ordian and the form passes into the earliest Templetonian
as well.

Genus COMPTALUTA novo

The type species of Comptaluta is C. calcarata sp. novo

Diagnosis: The name Comptaluta refers to Bradoriida with a narrow rim and
deep marginal furrow (groove), spicate retro- and anterocardinal angles, and
spicate frontal margin; the flank bears a submedian bulbous node supplemented
by, and confluent with, one or two nodes as swellings in subdorsal position.
The outline of the carapace, depending on species, can be oblique as well as
symmetrical.

Differential diagnosis: Comptaluta is, apparently, related to Ophiosema gen. nov.,
which, however, is distinguished by its lateral loop and absence of a frontal
spine. It is also possible that Aluta eris (Wa1cott, 1913, pI. 23, fig. 10), which
cannot be retained in Aluta, belongs to Comptaluta or to a related genus, but
its imperfect preservation prevents further comparison.

COMPTALUTA CALCARATA sp. novo

(PI. 3, figs 4a, 4b; PI. 4, figs 1-4; Text-fig. 9)

Material: Five specimens are illustrated, selected from a large number of less
well preserved valves and carapaces.

Holotype: The isolated left valve, Plate 4, figure 3, CPC 7645, is selected as
the holotype in preference to outspread carapaces which all are flattened.

Diagnosis: Comptaluta calcarata refers to carapaces and valves with a frontal
and a posterior to posteroventral cusp, with spicate retrocardinal and antero
cardinal angles, and lateral nodes placed in the anterior subdorsal quarter of
the flank:; there are three nodes: a large bulbous anteromedian node, a frontal
curved node, and between them a sigmoidal node reaching the middorsal top of
the flank:; the three are connected by ridges meeting slightly above the frontal
cusp.
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Differential diagnosis: See under Comptaluta profunda sp. novo

Description: The carapace is small to medium in size, reaching 2.5mm in length;
the sizes-I.7, 1.8, 2.2, 2.35 and 2.5mm-represent four different instars.
The rim is narrow and the marginal furrow is deep. The valves are obese,
with a maximal convexity just behind the subcentral node. The posterior swing
is moderate and the greatest height is attained just behind the midventral margin.
The frontal margin is subvertical and concave; the posterior margin, oblique
rearward in its upper part, curves somewhat abruptly down into a subvertical
position. A convex and narrow rim marks the dorsal margin, but the valves
are hinged along plain edges lacking any special hingement structures. It appears
that the posterior margins of each valve between the retrocardinal spine and
the posteroventral spur are deflected outward from the plan of the commissure,
indicating the presence of a slit (gap) in the closed carapace. The test is
densely pustulose.

Comment on illustrated specimens

The outspread carapace Plate 3, figures 4a, 4b, CPC 7643, is 1.9mm long and
a single valve is l.4mm high; the hinge is also l.4mm long. On the internal
cast the ornamental pustules are almost absent. Note in the right valve a strong
tubercle above the subcentral node.

The outspread carapace Plate 4, figure 1, CPC 7643, is 2.35mm long, and a
single valve is 1.7mm high.

The outspread carapace Plate 4, figure 2, CPC 7644, is 2.5mm long and a
single valve is 1.8mm high; it is the largest illustrated specimen; it is an
external mould cast in rubber, showing the well preserved pustulose ornament.

The holotype, Plate 4, figure 3, CPC 7645, is an isolated left valve (an internal
cast); it is undeformed and even the ornamental pustules are indicated. It is
1.8mm long and 1.47mm high. A low swelling at the concave side of the
middle ridge (Text-fig. 9) may indicate the position of the adductor muscle scar.

The isolated right valve Plate 4, figures 4a, 4b, CPC 7646, is 2.2mm long and
1.8mm high; the ornament and the frontal projection of the rim are well
preserved.

Occurrence and age: Comptaluta calcarata is common in the Yelvertoft Beds,
locality M426, Mount Isa Sheet area; its age is Ordian.

COMPTALUTA PROFUNDA sp. novo

(PI. 3, figs 3a, 3b; Text-fig. 10)

Material: A single right valve, CPC 7641, is illustrated. It is the holotype,
selected from few and less well preserved specimens. Carapaces with outspread
or closed valves are not available.
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Diagnosis: In Comptaluta profunda the valve is equidimensional, the length and
height being equal; it lacks also a posteroventral spur and the flank bears two
nodes connected at the anterodorsal margin; the subdorsal node is large, developed
as a swelling along the dorsal and posterodorsal margin.

Differential diagnosis: Comptaluta calcarata is longer than high, and has a
posteroventral spur; its flank is trinodose, and its subdorsal node is visibly shorter.

Description: The holotype is 1.7mm long and high; the valve is symmetrical,
lacking any obliquity. The test is densely granulose.

Occurrence and age: Comptaluta profunda occurs in the Yelvertoft Beds, locality
M426, Mount Isa Sheet area; its age is Ordian.

Family SVEALUTIDAE novo

Diagnosis: The family Svealutidae is distinguished by gaples5 carapaces provided
with a marginal rim and with nodes in a frontal, or anterodorsal position.

The known genera of the Svealutidae are Svealuta Opik (1961), the type of
the family, Carnarvonia Walcott (1912), and probably Alutella Kobayashi &
Kato (1951).

The Svealutidae are Middle Cambrian and early Upper Cambrian in age.
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GLOSSARY OF FOSSIL NAMES

alaris, (Bmdoria): Lat., 'wing -shaped'.
A luta Matthew: Lat., 'purse of leather'.
Bradoria Matthew: geogr., from Bras d'Or, a lake in Cape Breton.
calcarata (Comptaluta): Lat., 'with spurs'.
cirrata (Tropidiana): Lat., 'with curls'.
Comptaluta: Fern., Lat., 'ornate purse'.
cornulata (Bradoria): Lat., dirnin. from cornutus, 'horny'.
curvifrons (Bradoria): Lat., 'curved in :front'.

Indiana Matthew: geogr., from Indian Brook in Cape Breton.
Indota: Fern., artificial, from Indiana and otica.

Ophiosema: Neut., Greek, ophis 'snake' and sematos 'token'.
otica (Indota): Greek, 'of ear', ear-shaped.
petalina (Bradoria): Lat., 'petal-shaped'.
profunda (Comptaluta): Lat., 'deep', descriptive in the sense 'deeper than long'.
spicatum (Ophiosema): Lat., 'pointed' (at dorsal angles).
Tropidiana: Fern., artificial, combined from tropidium (Greek, 'keel', ridge') and Indiana.
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PLATE 1

InJdota otica gen. nov., sp. novo
x 10

Figs la-lb--Right valve, CPC 7624, collapsed in shale. Fig. la is rubber cast.
Fig. 2-Left valve, holotype, CPC 7625, in chert.

Fig. 3-Left valve, rubber cast of CPC 7626 in chert.
Fig. 4--Left valve, CPC 7627, collapsed and creased, in shale.

Tropidiana cirrata gen. nov., sp. novo
x 10

Fig. 5-Right valve, holotype, CPC 7628, in shale; internal surface of the test.

Fig. 6-Complete carapace, CPC 7629.

Bradoria curvifrons sp. novo

Figs 7a-7b-Holotype right valve, CPC 7630, in shale; 7a is rubber cast. x7.5 and x8.0
respectively.

Bradoria alaris sp. novo

Pig. 8-Holotype left valve, CPC 7631, x8, in shale.

Locality: M426, Mount Isa Sheet area. Queensland.
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PLATE 2

Bradoria petalina sp. novo
x 10

Figs la-Ic-Holotype CPC 7632; la, Ib---Ieft valve in shale (fig. Ib is rubber cast);
Ic, Id-right valve of ho!otype, inner surface (fig. le is rubber cast).

Fig. 2-Right valve, CPC 7633.
Fig. 3-Left valve, CPC 7634, with test preserved.
Fig. 4-Carapace with valves closed, CPC 7635.
Fig. 5-Carapace with disunited and shifted valves, CPC 7636.

Bradoria cOrl/lllata sp. novo

Fig. 6-Holotype CPC 7637, a left valve with preserved test, x9.

Bradoria cf. cllrvi!rolls

Fig. 7-Left valve, CPC 7638, an internal cast. x9.

Locality: M426, Mount Isa Sheet area, Queensland.
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PLATE 3

Ophiosema spicatllm gen. nov., sp. novo
x 24

Fig. I-Holotype carapace, CPC 7639, valves outspread but joined.

Fig. 2-Carapace, CPC 7640.

Compta/uta profunda sp. novo
x 21

Figs 3a-3b-Ho1otype right valve, epc 7641 (3b is rubber cast).

Compta/uta calcarata gen. nov., sp. novo
x 24

Figs 4a-4b-Carapace, CPC 7642, compressed in shale (4b is rubber cast).
Locality: M426, Mount Isa Sheet area, Queensland.
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PLATE 4

Comptaluta calcarata gen. nov., sp. novo

Fig. I-Carapace, CPC 7643, x20.
Fig. 2-Carapace, rubber cast of CPC 7644, x12. The external ornament is preserved.
Fig. 3-Holotype a left valve, CPC 7645, x24. It is an internal cast of an uncompressed

specimen.
Fig 4a-4b-A right valve, CPC 7646, x24.
Locality: M426, Mount lsa Sheet area, Queensland.
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