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SUMMARY.

The brachiopod super-family Productacea is represented in the Permian
faunas of Western Australia by at least 34 species, many of which occur in
at least two of the three major areas of marine Permian sediments. These
areas, from north to south, are the Canning Basin, the Carnarvon Basin, and
the Trwin Basin, together an area of approximately 150,000 square miles. The
Permian succession in each of these basins begins with glacial sediments and
is followed by a variety of sediments, marine and non-marine, with a total
thickness of over 12,000 feet in the Carnarvon Basin. The marine formations
are often richly fossiliferous, containing abundant remains of the Productacea.

Study of the Western Australian material has enabled disecussion of
certain features, the function and taxonomie value of which are imperfectly
understood. Important amongst these are the shell structure, attachment scar,
musculature, trail, and the living position of the shell.

The species are treated as belonging to the Productidae, one of the families
making up the Productacea, distributed over the subfamilies Productinae and
Strophalosiinae. Most productid genera have been erected on the basis of one
or very few diagnostic features, most important of these being the ornamenta-
tion. The use of this feature as one of primary diagnostic importance is partly
justified because of its important funectional value. The cardinal process and
other internal structures are regarded as important diagnostic features at a
generie level. Ornamentation has not played as important a part in the generic
subdivision of the Strophalosiinae as it has done for the Productinae. Speeific
discrimination in the Productidae is based on persistent variation in external
features, ornamentation again playing a major role.

The collection studied consisted of well over three thousand specimens,
most of them well preserved. There are seven species of Aulosteges; the genus
Dictyoclostus is represented by three species; the genus Krotovia (emended)
by four species; the genus Limoproductus by three species; the genus Margini-
fera by one species; the genus Waagenoconcha by one species. Taenmiothaerus,
an Indo-Pacific genus, is represented by seven species, one of doubtful affinities.
In the subfamily Strophalosiinae, Etheridging is represented by one species;
Strophalosia by three species, one of them very doubtfully represented, and its
subgenus Heteralosta by five species, one of these being doubtfully represented.

Most of the species lived as close-knit communities in the neritie, possibly
the epineritie, zone, preferring a substratum of fine-grained silty sediment.
Species of both subfamilies cohabited, but similar species of either subfamily
apparently did not. The normal association is with bryozoa and other large-
shelled brachiopods, especially spiriferids.

The majority of species range over several formations. At least eleven
species are likely to have stratigraphical value. Only six species are common
to all three basins, but seventeen are common to any two of them, indicating
the provinecial nature of the fauna.



The species in the lower part of the general suecession, above the glacial
sediments, are indicative of Artinskian age, but post-Artinskian species become
more prominent towards the top of the succession, especially in the Canning
Basin. The distribution of the species in general confirms existing correlations
within the province. The fauna as a whole is distinet from those of other
regions, particularly in the large number of species belonging to the genera
Aulosteges, Strophalosia, and Taeniothaerus. It has its closest affinities with
‘the Permian productid fauna of Timor, followed by that of the Indian Salt
Range and Lower and Middle Productus Limestones. It is essentially dissimilar
to that of Hastern Australia. The even distribution, lateral and vertical, of
the species is thought to be governed more by ecology than by evolution.

No marked evolutionary phenomena were shown by the fauna as a whole,
nor by its constituent species.




INTRODUCTION.

The sequence of Permian marine strata in Western Australia is, in area
and thickness, one of the largest in the world, and contains a rich and diversified
fauna. This fauna is unusual in some ways, particularly in the apparent absence
of fusulinids and in the presence of numerous species of that valuable index
fossil, the bizarre crinoid genus Calceolispongia. Nevertheless, the fauna has
an element in common with Permian faunas elsewhere—the prevalence of those
brachiopods familiarly known as produetids.

The fauna is represented by probably as many as five hundred species, of
which brachiopoda and bryozoa are most numerous. It has lacked systematic
treatment in the past, probably less than omne-third of the species having been
adequately described. As a contribution to this greatly needed systematic
study thirty-four species are deseribed in this paper, many of them new,
belonging to the subfamilies Productinae and Strophalosiinae. All species
already described have been thoroughly re-studied, using both the material
available to the original authors and that collected since the time of first
deseription. The additional material has made it possible to revise, or enlarge,
most of these earlier descriptions.

Over the last fifteen years intensive collecting from large areas of the
marine Permian has resulted in the large collections drawn on for this study.
It is conceivable, therefore, that the Western Australian Permian Productidae
are reasonably well represented here, although more species probably await
discovery and deseription.* Their existence is hinted at in the present
collections by odd fragments so poorly preserved as not to warrant recording.

Although the deseription of species makes up the bulk of the work, other
aspects of the productid fauna are included—morphological, taxonomie,
ecological, stratigraphieal and evolutionary. The last three of these other
aspects have not been treated in as great detail as might be wished. All three
of them depend absolutely on other interdependent studies not yet begun or
not yet completed. Such studies include further detailed stratigraphical
subdivision, comprehensive stratigraphical collecting of specimens, field studies
of the faunas, and the petrological study of the sediments enclosing them.

HISTORICAL REVIEW.

Study of the Western Australian Productidae began with a déseription
of a small assorted fauna, which included two produectid species, by Hudleston
in 1883. These species were referred to as Productus cf. brachythaerus and
Strophalosia sp. Between 1880 and 1943 there were numerous sporadic refer-
ences to productid species, over forty in all, but only fourteen of these were
descriptive. The others were merely entries, many of them incorrectly deter-
mined, in faunal lists of Western Australian fossils. The best of these lists were
those of Glauert (1910, 1926), and Raggatt and Fletcher (1937). These
authors listed 34 species of productids, but some of these were synonymous one
to another. Their references also included valuable bibliographies which

* Collections made since this study was concluded include some new species that await description.
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contain nearly all works in whieh reference to Western Australia productid
species had been made. R .

The descriptive papers concerned less than a dozen species, each paper
briefly describing two or three species which were part of a larger and varied
fauna. Most of the species in the very early papers were either undetermined
or referred to familiar Huropean species, an effect of the Furopean training
and background of these early authors. The most important of these references
are: Hudleston, 1883 ; Foord, 1890; Etheridge, 1903, 1907a, 1907b, 1914, 1919;
Hosking, 1931, 1933a, 1933b; and Prendergast, 1935.

In 1943 Prendergast made the first attempt at a systematic treatment of
the family., She described 24 species including all except two of the already
described species (one named by Etheridge, the other by Hosking) and revised
most of the earlier identifications. On the material available at the time this
total of 26 species would be representative. This material was part of the
carlier collections, much of it indifferently preserved, preventing full and
adequate description, and the figures illustrating many species were unsatis-
factory. Since 1938 the Permian collections have been more than doubled,
productid material being particularly well represented. This additional
material, for the most part, is very well preserved.

At the beginning of this study barely twelve species could be said to have
been established on a firm footing. It is a tribute to the high standard of
Prendergast’s work, dealing as it did with refractory material, that nearly all
her species names still stand, although many of the. speeies required additions
to their deseriptions, and some of them thorough revision.

SUMMARY OF STRATIGRAPHY.

Outeropping marine Permian sediments in Western Australia cover an
area of at least 40,000 square miles, possibly 150,000 square miles, and in places
are up to 12,000 feet thick. They occur in. four areas (Fig. 1):

The Irwin River District: The smallest of the four, about 250 square
miles in area, located near Mingenew, the sediments oceurring in east-
dipping fault blocks.

The Carnarvon (North-West Artesian) Basin: In which Permian rocks
cover a belt about 40 miles wide, extending from latitudes 23 to 27

“degrees south, an area of at least 15,000 square miles. They are
disposed in a series of west-dipping fault blocks.

The Canning (Desert) Basin: This Basin has an area of approximately
140,000 square miles, and Permian rocks are estimated to occupy most
of it. However, large parts in the south are obscured by Quaternary
material and only in the Fitzroy Valley (West Kimberley District)
is the Permian well exposed in a series of gently-dipping anticlines.
The Permian of the West Kimberley is a roughly rectangular area,
extending south-east from about 30 miles inland, just east of the port
of Derby, as a belt up to 100 miles wide and at least 300 miles long.

The East Kimberley Basins: These are a series of small fault-bounded
structures which extend at their north-easterly end into the Northern
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‘Territory in- the region of Bonaparte Gulf. Thew stratigraphy las
been described by Traves (1955), but not in great detail: Althougl -
some of these areas, including the Burt Range Basin, are situated in
the Northern Territory just east of the Western Australian border,
they are obviously part of the Western Australian Permian and so
specimens from them are included in this study.
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In the Irwin River Distriet the succession for the northern part, in
descending order, is as follows (from Clarke, Prendergast, Teichert and
Fairbridge, 1951) :—

7. Waginae Sandstone .. . . .. 300 feet plus
The topmost formation with rare plant remains.

6. Caryngima Shale .. .. .. 800 feet
Jarositic shale and sandy sﬂt with few marine
fossils.

5. Irwin Riwer Coal Measures .. 160 feet
Sandstone with coal seams and abundant plant
remains.

4. High CUff Sandstone .. .. .. .. 110 feet
Few marine fossils.

3. Fossil Cliff Formation .. 180 feet

Sandy silt, shale and mudstone, with lentmles of
limestone at the base. Rich in marine fossils..

2. Holmwood Shale .. 1,650 feet
Shale with fossiliferous 11mestone and calcamous
mudstone near the top.

1. Nangetty Glacial Formation .. 800 feet
Glacial sediments, unfossiliferous so far as is known (estimated)
Total thickness is at least 4,000 feet.

All specimens from the Irwin River District used in this study were
collected from the Fossil CHff Formation.

In the Carnarvon Basin the succession on the Minilya River, from near
which many of the specimens from this area were collected, is as follows (after
Condon, 1954 ; Teichert, 1947, 1950) :

14. Mungadan Sandstone .. . .. 145 feet
Coarse-grained, ecross-bedded sandstone W1th few :
fossils.

13. Coolkilya Greywacke .. . .. 625 feet
Strongly ferruginous in places, W1th numerous fossil
horizons.

The above sedimentary divisions, together with the Binthalya Subgroup

(found only to the south, in the Kennedy Range) constitute the Kennedy Group
of Condon (1954).

12. Baker Formation . .. .. .. 150 feet
Sandstone with sparse fauna
11. Norton Greywacke .. .. .. .. 180 feet

Quartz-greywacke  with  fossil  horizons with
restricted fauna.
The above two formations, according to Condon (1954), are approximate
stratigraphical equivalents of the Nalbia and part of the overlying Coolkilya
Sandstone, respectively, of Teichert (1950).
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10. Wandagee Formation .. . .. 425 feet
Essentially fine to medium- oqamed sandstone or
greywacke, grey in colour, with siltstones; very
highly fossiliferous, particularly in the lower part.

9. Quinnante Shale .. . 515 feet
(typsiferous shale prominent, w 1th minor develop—
ment of sandstone and limestone, in parts fossili-
‘ferous.

8. Cundlego Formation .. .. .. .. 1,090 feet
Fine-grained shaly to coarse-grained sandstone,
commonly cross-bedded with siltstone intercalations,
and with fossils in some layers only.

7. Bulgadoo Shale .. 1,000 feet
Grey to black carbonaceous sha]e and s1ltstone, n
places gypseous, and with few sandstone bands.
Fossils sparse.

6. Mallens Greywacke .. . .. .. 400 feet
Largely quartzgreywacke, fossﬂs Very sparse. approx.
5. Coyrie Formation .. .. 850 feet

Siltstone and quartzgreywaeke \ch sparse, ocea-
sionally dwarfed, but varied fauna in some beds.

The above divisions, Coyrie Formation to Baker Formation ineclusive,
constitute the Byro Group of Condon (1954).

4. Wooramel Sandstone .. . 250 feet
Medium-grained white qand.stone with few fossﬂs

3. Cordalia Greywacke .. .. .. .. 1707 feet
Fossils very sparse.

2. Callytharra Formation .. .. .. 540 feet

Quartzgreywacke, siltstone and limestone bands.
Richly fossiliferous.

1. Lyons Group .. .. .. .. .. 4,600 feet
Glacial conglomerates and finer-grained glacial
sediments; upper part shaly with fossiliferous
calcareous bands.

The maximum thickness in the basin is over 12,000 feet. The formations
vary in thickness from place to place; the Cordalia Greywacke, for example,
lenses out completely to the south. The formation names (as also the rock-
term ¢ greywacke ) are used according to the terminology of Condon (1954).
The Callytharra Formation, Wandagee Formation, and Coolkilya Greywacke
are the three most fossiliferous formations, and yielded most of the specimens

from this basin.
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In the West Kimberley District the succession is (after Guppy et al, 1957;
Teichert, 1947) : - .
4. Liveringa Formation .. . .. 1,850-3,000 feet
Sandstone and greywacke w1th clays and grits,
mostly ferruginized, with rich marine faunas in the
lowest and highest members.
3. Noonkanbah Formation . . 1,400-2,200 feet
Shale, siltstone, ocecasional hmestone, some sand-
stone and greywacke, with rich marine fauna.
2. Poole Sandstone .. .. up to 1,300 feet
Sandstone with grit and conglomerate mostly
ferruginized, with rich flora, and including at the
base the Nura Nure Member, approximately 20 feet
thick, with marine fauna.

1. Grant Sandstone .. .. .. .. up to 3,500 feet
Sandstone, grit, conglomerate, tillite, with fossil (exposed)
wood.

Most of the specimens collected from this area came from the three most
fossiliferous divisions, the Nura Nura Member, the Noonkanbah Formation, and
the Iiveringa Formation.

The Permian rocks of the East Kimberleys (Ord-Victoria Region) have
been mapped by Traves (1955) in the following divisions:—

2. Port Keats Group.
Fresh-water and marine shales and sandstone with thin limestone beds
and narrow bands of coal. More than 1,500 feet thick at Port Keats.

1. Weaber Group.
(Now thought te be mainly Carboniferous.) Marine sandstone and
limestone.

Teichert (1947) discusses the regional and inter-regional correlation of the
Western Australian Permian and concludes that the main glacial sediments are
of Sakmarian age, and that the bulk of the sediments above the glacials are
Artinskian, sedimentation ceasing shortly after the Artinskian. He further
concludes that to accumulate the great thickness of sediments (6,000 to 7,000
feet for some areas in the Artinskian alone) sedimentation must have been
rapid in some areas. These conclusions apply more truly to the Carnarvon
Basin. Thomas and Dickins (1954) correlate the base of the Liveringa Forma-
tion with the basal Kungurian and suggest that this sequence (which may
contain a disconformity) ranges up into the Kazanian, possibly into the
Tartarian. (See also Guppy et al., 1957).

The original sedimentary environments of the Permian basins are fairly
well established. Teichert (1947, pp. 133-134) describes the important sedi-
mentary characteristics of the basin sequences and notes their resemblance to
the ““ paralic basins ” of Tercier (1939) ; these correspond to the “ paraliageo-
synclines ” of Kay (1951). The details of these environments, however, are
still mostly unknown.
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The major faunal correlation of the various sequences in the three major
areas is between the Fossil Cliff Formation, the Callytharra Formation, and
the Nura Nura Member. The Wandagee Formation can almost certainly be
correlated with at least part of the Noonkanbah Formation, and the Coolkilya
Greywacke with the lower part of the Liveringa Formation. FEvidence for such
correlations is described by Teichert (1941), and Thomas and Dickins (1954).
The succession in each area with the generally accepted correlation between
sequences is shown in F'ig. 2.

MORPHOLOGY.

A special morphological terminology of the Productacea has been developed,
as it has in other groups. It may easily happen that the non-specialist will find
it difficult to comprehend a detailed specific deseription. For this reason a
brief account is given of the morphology and the terminology used here. For
those totally unacquainted with these brachiopods detailed discussion of their
morphology is available in Kozlowski (1914), Muir-Wood (1928), Licharew
(1936), and to a lesser extent, in Dunbar and Condra (1932), and Sarycheva
(1949, in Russian). The very specialized morphology of such aberrant groups
as the Oldhaminidae Schuchert and Richthofenidae Waagen is not discussed
here.

OUTLINE OF MORPHOLOGY.

The following account of the basic morphology of productid shells should
be studied together with Figure 4. The number and letter in parentheses which
follow mention of each feature refer to the numbered illustration of that feature
in the figure.

Shape and size: The pedicle (ventral) valve is convex and the brachial
(dorsal) valve plane or concave (see Fig. 3). In some shells the brachial
valve may have an initial slight convexity and then become plane or concave.
Transversely the pedicle valve may be evenly convex; if not, it has steep flanks
and a centre either flattened or indented by a median sinus (1 B) which runs
from near the umbo, through the middle part, sometimes to the front or
antertor margin (2 A). The lateral margins (3 A) are the side edges of the
shell. The margins are often upfurned (4 A).

Geniculation (5 F) is an abrupt inerease in curvature of either valve. Asa
result of geniculation of one or both valves the anterior and lateral margins may
lie close together and parallel, forming a #rail (see Fig. 3). A reversal of
curvature at the margin results in a flange (6 ¥).

The posterior part of the pedicle valve consists of the wmbonal region (7 B)
which leads to the wmbo (8 A). This may be incurved over the hinge-line
(9 A), erect, or reclined below the plane of the brachial valve. The umbonal
ridges (10 A) run from the umbo to the hinge and the angle between them is
the wmbonal angle. A scar at the tip of the umbo, known as the cicatriz of
attachment (11 A), indicates that the shell was for some part of its life
attached to another object. The hinge-line is straight or V-shaped, with the

14



apex of the V pointing to the rear and its limbs straight or slightly curved.
The ends of the hinge-line are the cardinal or alar extremities (12 A); in some
shells they extend beyond the body as ears (13 Bj.

.

1 : 2

Fig. 3.—Variation in median longitudinal profile exhibited by shells of Productidae
(figs. 2-4, 6 from Chao 1927, after Fredericks, 1915). Figs. 3, 4—visceral cavity
of Fredericks’ type Producti proboscidii ; 2, 5—type P. typici A.; 6—type P. typici B. ;
1—P. typici A. with trail, gradational to P. proboscidii. F¥igs. 1—Taeniothaerus,
2—Pustula, 3—Proboscidella, 4—Linoproductus, 5—Aulosteges, 6—Krotovia.

A cardinal area (14 A, E) may be present on the pedicle valve, between the
hinge-line and the umbonal ridges; it is therefore triangular, though it may be
distorted, and is split medially by a delthyrium closed by a deltidial plate,
usually termed a pseudodeltidium (15 A) in productid morphology. The: area
is planar or slightly concave, and may show vertical and horizontal striations
which are the marks of successive growth stages. In some shells there may be a
corresponding area on the brachial valve, also with a closing plate or
pseudochilidium.

The visceral disc (16 A) is the portion of each valve that covers the visceral
chamber or eavity. The size of shells seen ranges from 10 to 180 mm. in
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Fig. 4.—Important morphological features of productid shell.  The features are numbered corresponding
to the order in which they are described in the text. A—dorsal aspect of Taeniothaerus sp.; B—ventral
aspect of Dictyoclostus sp.; C—internal view of brachial valve of Strophalosia sp.; D—internal view of
brachial valve of Taeniothaerus sp.; E—internal view of pedicle valve of Strophalosia sp.; F—side view of
brachial valve of Taeniothaerus sp.; G—internal view of brachial valve of Dictyoclostus sp.
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greatest dimension of either length or width; a shell is small if the dimensions
are less than 30 mm., medium if between 80 and 50 mm., and large if more
than 50 mm. )

Ornamentation: Ornamentation consists mainly of spines (see Plate 10, fig.
1), usually represented by spine bases (17 A, B). There may also be ridges
radiating from the umbo named costee (18 B); ridges concentric around the
umbo named rugae (19 B); and concentric bands (see Plate 10, fig. 14). Less
obvious features are growth lamellae or growth wrinkles (20 A), which are fine
conecentrie lines, the result of still-stages in growth, and are distinct from rugae
which are actual folds in the shell substance; and radial strice which are fine
grooves much less prominent than costae.

Internal features: Inside the brachial valve, the visceral disc is usually flat
or undulating ; it is divided by a median septum (21 C, D, G) arising at or near
the base of the cardinal process (22 C, D, F, G). The cardinal process projects
posteriorly from the centre of the hinge. It is smooth but grooved on the
ventral side, and striated on the dorsal side; according to the number of grooves
it may be bilobed, trilobed, or (rarely) quadrilobed.

The adductor muscle vmpresstons lie one on each side of the median septum.
They are generally oval, and their surface is smooth (23 C) or incised with a
dendritic or tasselated pattern (24 D, ). They may be raised above, or, more
rarely, depressed below, the visceral dise. In some genera, mostly those with
smooth impressions, each Impression is divided transversely into ftwo parts
(25 C).

Cardinal ridges (26 G) may border the hinge-line, or run at a small angle
to it. They generally only reach the edge of the visceral dise, but in some shells
continue around the disc until they meet, forming a marginal ridge (27 C).

The brachiol smpressions or brachial ridges are of two types. The pro-
ductinid type (28 D, G) are hook-shaped and arise at the front or anterior end
of the adduetor muscle impressions; the strophalosiinid type (29 C) are longer,
semi-circular in shape, and arise at the lateral or posterior edges of the muscle
impressions. Inside the brachial impressions the surface is smooth or faintly
pitted. Parts of the remainder of the surface may be deeply pitted—-the
internal expression of the spines—or reflect the external ormamentation (G).
The anterior edge of the disc may be lined with rows of papillae or with a
marginal ridge (C, D) bearing forward-pointing spiny pustules (particularly
in geniculate valves), or with a sheily diaphragm that closes off the space
between the two valves:

Inside the pedicle valve, the adductor impressions (30 1) lie at the rear
of the valve. They are similar in appearance to those of the brachial valve,
but are comparatively longer. The diductor muscle impressions (31 B) are
larger than the adductor impressions, and are striated ; they lie outside the avea
occupied by the adductors. In life, the diductors were attached to the striated
part of the cardinal process, and, by contraction, opened the shell. Some genera
possess teeth (32 E) which fit mto sockets (33 C) in the hinge of the brachial
valve. The rest of the valve is smooth, or pitted, or papillate.

18



ORIENTATION AND DIMENSIONAL TERMINOLOGY.

The orientation of the productid shell generally used for morphological
discussion and description is similar to that suggested for the brachiopod shell
by Thomson (1927, p. 5). The productid is considered as resting on the pedicle
valve with the brachial valve uppermost, the plane of the brachial valve approxi-
mately horizontal and the posterior part of the shell (the uwmbo) away from
the observer. This orientation is not applicable to shells with concave brachial
valves. In this study such shells are placed so that a tangent to the curve
of the brachial valve, at a point where the visceral cavity is deepest, is hori-
zontal, again with the wmbo furthest away.

Productid shells vary so much in shape that it is necessary to describe the
way In which measurements of length, width, depth and other dimensions are
obtained. In this Bulletin, these dimensions refer, except where otherwise
stated, to the main body of the shell including the shell thickness but not
including the trail. With the shell oriented as given above, the length is the
measurement of the line joining the extreme posterior and anterior points.
The width, or breadth, is measured at right angles to this line, between the
extreme lateral edges. This may correspond with the hinge-line, but if it does
not, the measurement of the hinge-line, or length of hinge, is also given. The
depth or height is the greatest distance between the valves. The curvilinear
length is the measurement of the median line around the external surface of
the pedicle valve from the tip of the umbo to the anterior edge of the visceral
cavity. The dimensions of the trail are given separately. These terms agree
fairly well with those used generally.

SpECIAL MorPHOLOGICAL CONSIDERATIONS AND SOME BIONOMIC INTERPRETATIONS.

Under this heading certain morphological features are discussed, not so
much for the sake of presenting complete descriptions of these features, as to
emphasize certain points about which there still seems some confusion. They
are particalarly well shown in some of the local material which is very well
preserved. Most of these features also have considerable biological .and ecologi-
cal significance.

The Trail: This term is used to describe the anterior portion of some shells,
when both valves lie close together and parallel with only the mantle between
them. A trail may result from the geniculation of either the brachial valve
or the pedicle valve, or both. It may be closely simulated when the brachial
valve is very concave, the visceral cavity thin, and both valves gradually become
closer over the anterior portion of the shell (see fig. 3).

In Productus, as re-defined by Muir-Wood (1930), the trail is cut off from
the visecera! chamber by a thin shelly partition or diaphragm, developed about
the margins, antero-lateral and anterior, of the visceral dise. In Marginifera,
many species have a similar structure, a raised, callus-like ridge usually strongly
developed. Again, in Taeniothaerus, Marginirugus, Strophalosia, and other
oenera the geniculated region of the brachial valve is thickened, which may
result In a raised ridge, the edge transversely incised and usually less
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pronounced than in Marginifera. These marginal structures arve fairly wide-
spread in the Productacea, as Licharew (1936, p. 91) and Huang (1932, p. 9)
have pointed out.

In conjunction with the trail, the marginal ridge, whether highly developed
or not, probably served as a filter. Thus, in Taeniothiaerus the marginal ridge
and, in front of it, that part of the brachial valve that forms the trail, are covered
with anterior-pointing spiny pustules. These pustules have an approximately
quincuneial pattern, that is, they are arranged in lines so that the gap between
any two pustules is covered by a pustule in front and one behind. Each
pustule fits into a corresponding depression in the opposing surface. When
the valves were only slightly ajar the arrangement would he very efficient as a
filter for large sedimentary particles, or as a protective device against pre-
dators. As well as the genera mentioned above, Juresania, Dictyoclostus, and
others are similarly protected.

Ornamentation on the trail does not differ markedly as a rulé from that
over the main body of the shell. Growth lines are usually more crowded
together, spines smaller and more closely packed, costae less pronounced; such
effeets are the normal reflection of maturity and old age. DBut in some genera
whose pattérns of ornamentation changes progressively with age, the trail may
be ornamented quite differently from the rest of the shell.

It is commonly said that the trail is a. development of old age, forming
only when the visceral cavity has reached its maximum size. This is probably
true for some species but not for all. By the addition of internal layers
of shell material along the geniculated region and the trail, the visceral cavity

Fig. 5.—Enlargement of visceral cavity with formation of trail.
Median Iongitudinal profile of a trailed shell, showing successive growth
stages following on, or near uponm, early maturity (1-5). By internal
thickening of the geniculated region both trail and visceral cavity can be
enlarged. Dotted line circumferential to hinge indicates maximum length
of visceral disc of brachial valve once margins begin to upturn.
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can become larger as the trail grows (Fig. 5). This can be seen in most of the
Western Australian forms with trails, as for example, Taeniothaerus teicherti,
aind Strophalesia kimberleyensis. The trail may be still further developed, of
course, after the visceral cavity has ceased to become larger.

Although the size of the trail does not seem to be of great taxonomic value,
its presence and individual eharacteristics, species to species, are valuable in the
discrimination of genera, and even of species.

Shell Structure: Dunbar and Condra (1932, pp. 177-183) have described
productid shell-structure in detail. They emphasize the lamellose structure of
the shell, the anterior-pointing roots of the spines, which do not communicate
with the interior, and the fibrous structure of the spines and internal spiny
pustules which give a pseudo-costate appearance to partially decorticated shells.
The fibrous internal pustules (or pseudopunctae), like the spine roots, point
anteriorly (Fig. 6).

Polished surfaces and thin sections of the Western Australian material
confirm the main points of Dunbar and Condra’s description (see Plate 21).
In addition, however, the thin sections do not show the outer prismatic layer
which is usual for brachiopods, although Muir-Wood (1928, p. 29) records it
for British productid specimens.

Fig. 6.—Camera-lucida drawings of thin sections of shell of (1) Linoproductus cancriniformis (Tschernyschew),
(2) Taeniothaerus teicherti n. sp., (3) Strophalosia prideri n. sp. Magnified ten times. Roots of spines (black) incline
anteriorly. Internal spikey pustules are reflected within the shell wall by successive dimplings of the principal lines of
laminae (1 and 2); prolongations of pustules also incline anteriorly.

Cicatriz of attachment: A cicatrix of attachment is present on nearly all
well-preserved specimens of the Strophalosiinae. Some productinids also,
notably Awlosteges, Taentothaerus, and Juresania, commonly have this feature.
Usually the cicatrix is small in comparison with the size of the shell, and as the
specimens as preserved are found free, this indicates that the shell was attached
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only during early life, unless, as Prendergast mentions (1934, p. 39), the mantle
assisted in attachment during life, the shell falling after death; but this does
not seem at all likely. ' ‘

The position of the cicatrix varies even within a single species. Usually
it lies immediately behind the apex of the umbo. It may be deeply impressed,
as in most Strophalosia-species, or be present only as a faint scar, as in the
productinid genera Taeniothaerus, Aulosteges and Juresanie. Its presence is
nearly always accompanied by some distortion of the shell. This distortion is
most commonly pronounced over the initial, or initial and middle, growth stages,
the shell later becoming symmetrical. The distortion is not regular, even in the
one species. An indieation of the period of attachment Is given by the size of
the scar in comparison with the size of the shell, and also by the amount of
distortion. In one of the local species, Strophalosia prendergastae sp. nov., the
cicatrix is almost the same size in every specimen, but this is the only evidence
suggesting that the period of attachment was constant for any one species. It
probably varied from individual to individual.

The range of objects which served as the place of attachment has never
been completely determined. Crinoid stems certainly acted as hosts; occasional
specimens of Strophalosia (Heteralosia) etheridgei Prendergast, a local speecies,
show the indentations of the stem segments on the cicatrix of attachment.
Trechmann (1921) described the attachment of Strophalosia lamellosa Geinitz
to Horridonia horridus (Sowerby). The local faunas have shown no evidence
of the mnature of the host for the young individuals of Awlosteges- and
Taeniothaerus-species. Living in communities as they did, another adult shell
probably served as the place of attachment.

Adductor musculature: There are two main types of adductor muscle
impressions in the Productidae. Most Productinae show dendritic muscle sears;
only Marginifera, Avonia, and Krotovia, the species of which are mostly small,
have non-dendritic scars. '

Prendergast (1943, p. 5) in discussing the dendritic impressions in Pro-
ductus s.). and Aulosteges, says they ave “a reflection of the poorly developed
artienlar apparatus in these two genera. Since the brachial valve is pivoted
loosely on the cardinal process it is capable of movement not only in a plane
perpendicular to the surface of the valve but also from side to side. This lateral
skewing movement would cause a differential movement within the muscle itself,
the fibres nearer the centre being less extended than the excentric fibres. A
divided musecle would, therefore, be mechanically superior. In examining a
dendritic muscle it will be noted that the bunches of fibres have an approxi-
mately radial arrangement with the radii on the inside much shorter than those
towards the lateral margin. As the central muscles have a shorter pull this
arrangement is what would be expected.”

If one accepts this explanation one would expect to find the greatest
development of the dendritic muscle impression in those species in which the
margins are very little upturned, since the upturned margin is itself an aid
to articulation and prevention of the skewing movement mentioned. But in the
Western Australian forms it is those with sharply upturned margins that
have large and deeply incised muscle patterns. Again, those genera of the
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Productinae with non-dendritic impressions also have the same poorly developed
articular apparatus. Perhaps the division into anterior and posterior parts in
many species of these genera (and in the Strophalosiinae) mayv have served
the same function as did the divided muscie deseribed by Prendergast. These
points, however, do mnot greatly affect the plausibility of Prendergast’s
explanation.

If the adductor muscles in the genera with dendritic impressions had, as
part of their function, the prevention of swivelling of the brachial valve, the
diductor museles may also have assisted in this function. Each diductor muscle
in specimens of these genera extends far up the flanks of the pedicle valve, so
far that it is difficult to imagine any direct downward pull being exerted on
the cardinal process by the extreme lateral portions of these museles. Contrac-
tion of this part of each muscle would, however, ensure that the valves did
not swivel during opening and closing.

The impressions of the Strophalosiinae are non-dendritic; in most genera
they are divided into anterior and posterior pairs, are mostly raised, but may
be depressed. In some specimens of Strophalosia kimberleyensis Prendergast
the muscle impressions were button-like and were easily displaced from the
valve, leaving behind a depression. Specimens of this species show, therefore,
both raised and “ depressed ” impressions; and depressed impressions in other
species may be due to the same phenomenon. In one species the impressions
may be close to the hinge just below the base of the cardinal process: in another
they may be nearer the centre of the visceral disc. Such variation scems linted
with variation in the shape of the brachial impressions (see Maxwell, 1954).

In the Western Australian productinid specimens the musele impressions
of individuals within a species, and of species within genera, vary considerably
in detail. No significant trends in this variation could be detected, so that as
a taxonomic feature at the specific level the muscle impressions were of no
value in the treatment of the Productinae. In the Strophalosiinae, on the other
hand, the variation in position of the adductor muscle impressions has been
used by some authors as a diagnostic specific feature (see Maxwell, 1954).

Cardinal process: The cardinal process is one of the characteristic and
variable features of the Productidae. In ecommon with other internal features
it had been too much neglected as a taxonomic feature, until Sutton and
Summerson (1943) described and figured the processes of many genera. This
work showed clearly that the cardinal process was of great value as a generic
discriminant,.

In its simplest form the cardinal process may be no more than a button-
like structure with only a suggestion of lobation. At its most complex, it
may be the most conspicuous of the internal features, of large size, and so
grooved as to result in three or four distinct lobes of distinetive shape. The
processes of the genera in the series Marginifera-Krotovia-Linoproductus-
Dictyoclostus-Taeniothaerus illustrate this increase in complexity of structure
(see Sutton and Summerson, 1943; and illustrations in this Bulletin—pl. 9,
figs. 4, 21; pl. §, fig. 6; pl. 6, figs. 3, 12; pl. 12, fig. 1; pl. 16, fie. 5).
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The Western Australian specimens do not add very much to morphological
knowledge of this structure, but they do confirm its taxonomic importance.
Although I have not been able to use it in separating species within any one
genus (many species vary in detail from specimen to specimen, as is shown
in the illustrations of Taeniothaerus {reicherti sp. nov.), nevertheless, the overall
plan of the structure iy remarkably constant for the species of the one genus.
Many genera can be recognized by the cardinal process alone.

Living Position: The accepted notion is that the productid shell rested on
the pedicle valve, the spines acting as supports. A few authors, notably Muir-
Wood (1928, p. 28), discuss the likelihood of the shell’s being oriented with the
pedicle valve uppermost, the margins or trail projecting into the substratum.
Muir-Wood mentioned that many specimens of Dictyoclostus, apparently
preserved in the living position, had the pedicle valve uppermost, although
the angle of orientation wvaried. It is always difficult to judge with certainty
whether or not a specimen is preserved in its original living position. Apart
from that it is hard to reconcile the peculiar morphology of the produectid
shell with the idea that the animal lived with the margin buried in sediment.
Most productid shells were completely unattached, in contrast to other
brachiopods, such as terebratulids, attached throughout life, in which the living
position. was with pediele valve up.

I think it likely that the more prevalent idea is essentially correct, and
that in life the shell was oriented with the pedicle valve down, the spines
acting less as supports than as sinuwous roots to hind the shell to the surrounding
sediment. The shell was probably almost completely buried, with even much
of the concave brachial valve filled with mud and only the margins and umbo
‘projecting. The overall appearance would be reminiscent of the lair of a
trapdoor spider. In this living position large spines would have an anchoring
cor grapnel-like function, preventing tilting or overturning, and would also.
with their number and sinuousness, tend to accumulate driftirg sediment and
bind it in the manner of shrub roots in sand. This binding action is well
shown by the way in which many specimens are found with “horns ”, project-
ing backward, made up of the spines and sediment tightly bound up with
them. The mass of fine spines which also occur on many productids would
have a similar action, complementing that of the larger spines. The brachial
alve, usually concave in mature specimens, would become at least partly filled
in with sediment, the spines again assisting in retaining it. The umbo is
imagined as projecting above the sediment.

In such a position, sediment would tend to accumulate around the animal;
the margins would have to be raised; and this would result in the familiar
upturning of the margins and the formation of a trail, because the animal
could then maintain an intake of water free from contaminating sediment.
‘With the brachial valve at least partly filled, and the sediment falling away
from the raised margins, the only obvious sign of the animal would be the
slight gape between the valves. The most suitable sort of sediment for such
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a living habit would be a silt or fine sand—of the sort in which, as will be
shown later, the great majority of Western Australian specimens are found
preserved.

The extra effort imposed on the adductor apparatus by the sediment resting
in the brachial valve would also help to explain the very large diductor muscle
scars and cardinal process characteristic of species with greatly upturned
margins. The diductor apparatus of such species is of a size seemingly out
of proportion to the actual gain in shell weight resulting from the formation
of upturned margins and trail. Again, the frequent presence of marks of
injury on the pedicle valve, distortion of sinus, and the like, would be explained
by the continual contact of the pedicle valve with the substratum. Pebbles or
similar obstructions would be met with by the growing valve. The usunal
absence of such marks on the brachial valve would also follow.

Shells in the young stages of growth could not be so well camouflaged as
mature individuals, since the margins would then be covered in sediment. The
brachial valve in immature specimens is most often slightly convex, as indicated
by the initial swelling of this valve in mature specimens. The valve would
cather less sediment. The large anchoring spines at the rear of a shell exist
from the first and might have held it in a semi-erect position, ensuring a pure
water supply. As the animal grew the shell would tend to droop forward and
downward into the sediment; the margins would begin to curve upward and
sediment would accumulate in the hrachial valve.

This concept of the living position results from the study of the Western
Australian material, and is proposed essentially for the forms with ornamenta-
tion almost exclusively spinose and with upturned margins, which lived in a
free, unattached condition after the earliest growth stages. The spinose
ornamentation of these species was of the particular pattern which lent itself
to firm purchase in the kind of sediment in which the animalg thrived best.
Cooper (1937) mentions this as a possibility.

Not all the produetids lived in this position—Cooper (1942) deseribed silici-
fied specimens from Permian Texan limestone, beautifully preserved, belonging
to the genus Awvonia, in which the spines are so arranged as to keep the brachial
valve lifted up from the substratum should the shell be overturned. Such a
cage-like arrangement would only work properly on a firm substratum, but
would not be at all well adapted to the fine sediment in which nearly all the
Western Australian forms are found.

The above discussion suggests that the ornamentation fulfilled an essential
function, dependent on the living position and the kind of substratum. The
different patterns of ormamentation characteristic of productid genera may be
explained, therefore, as being direct reflections of different living positions and
different sedimentary environments, respectively, on the part of each of the
genera concerned.

Examples taken from productid ornamentation may be extended to other
brachiopods. Thus the dictyoclostid-type, with costae, is reminiscent of the
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ornamentation of Spirifer. Some species of Dictyoclostus, like spivifers, have a
comparatively small number of large heavy costae, and others have more
numerous fine costae. The reticulate arrangement of rugae and costae has its
counterpart in costate spirifers with prominent growth wrinkles which almost
form fine concentric frills. Similar parallels between various groups can be
made over a wide range of brachiopods.

TAXONOMY OF THE PRODUCTACEA.
' Magor CLASSIFICATION.

The history up to 1940 of the supra-generic classification of Productus and
similar genera, including Chonetes, was described by Prendergast (1943,
pp. 9-12). She concluded by assigning these genera to the well-known family
Productidae, including within it the subfamilies Productinae, Strophalosiinae
and Chonetinae. In 1941, however, Maillieux proposed that Productus-like
shells (and others such as Leptodus and Richthofenia) should be regarded as a
superfamily, the Productacea. The ready acceptance of this superfamily seems
due, at least indirectly, to Cooper (1944). He advocated the abolition of the
old brachiopod orders, Protremata and Telotremata, and their replacement by
groups the diagnoses of which were largely based on the microstructure of the
shell, whether punctate, pseudo-punctate or impunctate. This new sort of
emphasis was rapidly adopted with a corrvesponding increase in the erection of
new orders and superfamilies. As examples pertinent here, in the text-book of
Moore, Lialicker, and Fischer (1952) strophemenoid brachiopods are given the
status of an order, the Strophemenida, which includes the superfamilies Stropho-
menacea and Productacea. Another text, by Shrock and Twenhofel (1953),
also aecepts the Productacea, but chonetoid shells are discussed as the super-
family Chonetacea. In the past Chonetes and similar genera were regarded as
a subfamily of the Productidae by some authors (e.g. Schuchert, 1913; ‘Chao,
1928; Paeckelmann, 1931; and Huang, 1933) but as a separate family by
others (e.g. Hall and Clarke, 1894; R. E. King, 1930; Dunbar and Condra,
1932 ; Grabau, 1934 ; Licharew, 1936; R. H. King, 1938).

Maxwell (1954) considered that the Productacea were made up of the
families Productidae, Chonetidae, and Strophalosiidae. The last is given as
“ Family Strophalosiidae Stainbrook, 1947, emend.” But Stainbrook had not
altered the major classification at all; he was concerned mainly with altering
the generic content of the already well-known major groupings, including the
Strophalosiinae which he accepted as Schuchert’s subfamily. Actually the
author of the family Strophalosiidae is unknown (see Bryant, 1955). Maxwell
then went on to divide the family Strophalosiidae into the subfamilies Pro-
ductellinae and Strophalosiinae and emended the latter. This arrangement is
not convineing. It is based on external features and, in the emendation of
the Strophalosiinae, brings together Strophalosia and Taewiothaerus, which are
two genera radically different internally and with no apparent phylogenetic

connexion.
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Stehli (1954) was the first since Maillienx to introduce entively new cate-
gories into the major classification. He proposed two new tamilies within the
Productacea, the Dictyoclostidae and the Echinoconchidae. For the Dictyoclos-
tidae he proposed three mnew subfamilies, the Dictyoclostinae, the Linopro-
ductinae, and the Mavginiferinae. Stehli does not give any evolutionary or
phylogenetic evidence in support of his new categories.

Apart from the above, there does not seem to have been any other important
attempt to classify within the Productacea, espeeially concerning shells similar
to Productus and Strophalosia. At the present time, however, H.M. Muir-Wood
and G. A. Cooper are reviewing the Productacea for the Treatise on Inverte-
brate Palacontology. Becavse of this, and because the present work and my
limited examination of extra-Australian material have not yielded evidence of
sufficiently wide application, the classifications mentioned above are not
examined in detail; for the same reazons no attempt is made either to introduce
new divisions within the Productacea or to further the adoption of recently
erected ones. The groups containing such exotic forms as Leptodus, Richtho-
femta, and other genera, are not discussed. Neither they nor the Productella-
group have been found in the Western Australian Permian sediments.

Purely for convenience, therefore, the species of Productacea described
herein are treated as belonging to two subfamilies, Productinae and Strophalo-
sitnae, of the family Productidae. The diagnoses of these subfamilies are much
the same as those given by Prendergast (1943, p. 12).

The Productinae include spinose Productacea with brachial impressions
which usually arise at the anterior edge of the adductor muscle impressions,
with adducter muscle impressions which are usually dendritic, with occa-
sional cardinal area on the pedicle valve but without teeth.

The Strophalosiinae include spinose Productacea with teeth, with cardinal
areas on both valves, with non-dendritic adductor muscle impressions, and
brachial impressions which arise at the lateral edges of the adductor
impressions.

Mixor CLASSIFICATION.

Generic classification of the Productinae: The history of attempts at
generic classification of the Productinae has been fully discussed by Thomas
(1914), Dunbar and Condra (1932, pp. 184-187), and Licharew (1536, pp.
95-101). Of these, Licharew’s discussion is the most critical; he draws atten-
tion to most of the weaknesses in the conception of many genera; in particular

he attacks the crection of genera based on insnfficiently described diagnostic

characters, or on too small a number of them.

Because there has been no major contribution to the subject since 1936,
and because of the almost complete coverage by the authors quoted, a further
detailed history is not needed here. For the sake of continuity, however, a
brief summary in general terms is given, ineluding further developments since
1936. Before Thomas, species now included in the subfamily Productinae were
contained in just a few genera, the most embracing being Productus. Within
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this very embracing genus groups of like species were distinguished by veferring
them to a particular species considered typical, e.g., “group of Productis
longispinus 7, “ group of P. semwreticulatus”

The productid shell is characterized by an enormous range of ornamentary
modifications; and it is the ormamentation that has served as the principal
feature in the discrimination of taxonomic units within both subfamilies
Productinae and Strophalosiinae. Thomas (1914) did not depart from the
emphasis on ornamentation, but he was the first to use ornamentation in a
systematic way, thus giving the major impetus to a trend which has continued
to the present day. Thomas emphasised both the basic type of ornamentation
(whether wholly spinose, spinose and rugose, spinose and costate, or spinose,
rugose and costate), and also the ontogenetic changes in basic ornamentation
which are found in many productinid species. Thus his genus Buztoniac he
defined as including those forms costate and spinose in youth and maturity,
but spinose alone in old age.

His work paved the way for that of Chao (1927, 1928) and Muir-Wood
(1928, 1930). Both these authors continued along the lines instituted by
Thomas, but also drew attention to other features, Muir-Wood in particular
placing more emphasis than had been nsual on internal features. IHer outstand-
ing contribution was to re-study the types of old species, which resulted, most
importantly, in her restriction of the name Productus to a small section of
that all-embracing genus, and the erection of the new genus Dictyoclostus to
cover the majority of the remaining species (Muir-Wood, 1930). Chao
emphasised the importance of the shape of the visceral cavity as a diagnostic
feature, and also the ontogenetic changes in ornamentation; nevertheless the
five genera he erected are defined principally in terms of ornamentation. As
a result of this special emphasis on ornamentation many genera and subgenera
were erected between 1914 and 1932. :

In the meantime Fredericks (1928, 1931) had advocated subdivision by
features other than ormamentation. In particular he stressed the value of the
shape of the visceral cavity as a diagnostic feature, and gave the well-known
terms Products typict A and B, and Productt proboscidyi to the three most
common types of visceral cavity (fig. 3). Later, however, he also came to
use ornamentation as a primary diagnostic feature. Other workers aceepted
the diagnostic importance of the visceral cavity shape, but in less extreme
fashion than Fredericks. Licharew (1936) pointed out that this neat classifica-
tion of the viseceral cavity shape was more apparent than real. Prendergast
(1943) considered that in combination with other features the shape of the
viseceral cavity could be an important diagnostic feature.

Iicharew (1936) emphasised the use of many features in combination,
and the value of internal features. Most of his work, however, was devoted
to criticism of already established genera and their phylogenetic arrangement,
with the result that he refused to accept many of the genera erected by Chao,
Muir-Wood, and Fredericks. His most radical point of departure lay in his
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refusal to follow Muir-Wood in the restriction of the genus Productus. Forced
by the weight of his own eriticism he then proposed an alternative grouping
of productid speeies into 25 groups, oiving as representative of each a few
species, many of them little known or confined to Russia. Most of the groups
approximate to one or other of thie established genera, some of them very
closely indeed. Tt is unfortunate that he did not go further ard make the
groups more of a reality by including more well-known species within each.
‘As it is, the grouping is incompletely expounded and difficult to comprehend.
Tt cannot be regarded as much more than an expression of protest against the
acceptance- of some established genera and a suggestion upon which further
work may be based.

Apart from ornamentation and the shape of the viseceral cavity, variations
in external form (possession of ears, median sinus, cardinal area, and variation
in shape and size of these and other external features, exclusive of ornamenta- -
tion) have been most used as diagnostic features. Outstanding examples of
the use of such features are the genera Proboscidells Oehlert (pedicle valve
produced anteriorly in a subeylindrieal tube) and the vare Kansuella Chao, with
narrow areas in both valves.

Tnternal features were little used for the most part in generie diserimina-
tion, because it was falsely supposed that the internal features of the produe-
tinid shell were so alike as hardly to merit attention (see Chao, 1927, p. 22).
In 1943 Sutton and Summerson demonstrated the value of the cardinal process
as a diagnostic feature. This work, together with that of Licharew (1936)
and Prendergast (1943), has shown conclusively that internal features ave
just as suitable as ornamentation for generic diserimination and probably more
reliable.

Generic classification in the Strophalosiinae: There are far fewer genera
in the Strophalosiinae than in the Productinae. Strophalosia King, Heteralosia
R. H. King (here regarded as a sub-genus), and Etheridgina Oehlert (= Lepta-
losia Dunbar and Condra) are widely recognised as genera within the sub-
family. In addition, other genera or subgenera, considered to be related to
Strophalosia, have been proposed—B ilotina Reed, Wyndhamic Booker, Stropha-
losiina Ticharew, Strophalosiella Licharew and Wyatking Fredericks. Of these
Wyndhamic (Booker, 1929) is probably inseparable from Strophalosia. Its
definition is obscure. Strophalositne has as its genotype Aulosteges tibeticus
Diener, and is therefore not a strophalosiinid at all (this confusion of Awulo-
steges and Strophalosic in many early Russian works is discussed in the
systematic desceription of Aulosteges). Wyatking Fredericks (1931, p. 210
footnote), with Awulosteges gigas Netschajew as holotype, is yet another group
more properly Treferred to Aulosteges, as commonly understood, than to
Strophalosia.  Strophalosiella is incompletely defined and is of undecided
affinities. Licharew described it as a Strophalosia with an ornamentation
similar to that of Linuproductus Chao, but did not deseribe the internal features.
Branztonic Booker (1929) may also be a strophalosiinid, but its affinities

29



cannot be determined from the original description and illustrations. 'The
material upon which it was founded was very poor. Bilolina Reed (1944) is a
taxonomic puzzle. Some of these genera are discussed in greater detail in
the description of the genus Strophalosia in the systematic deseriptions.

Of the better known forms, Heteralosia was separated from Strophalosia
because of the absence of spines on the brachial valve. Several Western Aus-
tralian species show this character and they have been referred to Heteralosia.
Etheridging 1s distinguished from Strophalosiea by its adnate condition.
Strophalosiinids do not seem to have the patterns of ornamentation or the wide
variation in ornamentary detail so characteristic of the Productinae. TUp till
now differences in degree of ornamentation have been little used as diagnostic
features on a generic level.

Specific discramanation in the Productidae: For the most part the criteria

“used to separate and delineate species of productids are purely morphological,
based on external features. If the hinge-line in a set of specimens is constantly
longer than that of an otherwise similar deseribed species then a new name
might be given. If the ornamentation is consistently finer, or coarser, than that
of a described species a new name might be given. The same applies to
differences in depth of the median sinus, size and attitude of the umbo, or degree
of curvature—longitudinal or transverse—of either valve. These are the sort
of criteria which wouid be considered to be diagnostic at the species level. The
species so delineated may be valid, but it must be admitted that many productid
species are suspect.  Apart from the linited ecriteria used many species are
difficult to recognize because of poor illustrations; the founding of species on
too few specimens, often badly preserved; neglect of the factor of variatiom;
extreme national viewpoint; or neglect of the geographical and stratigraphical
position of specimens.

MATERIAL AND METHODS.

The collection upon which this study was based consisted of more than
2,000 specimens, mainly drawn from three repositories: the Commonwealth
Palaeontological Collection at the Bureau of Mineral Resources at Canberra, the
Geology Department of the University of Western Australia, and the Australian
Museuni, Sydney. Those from the University of Western Australia form part
of the Permian collections of the Geology Department, consisting of well over
10,000 specimens; most of them were brought together over the last seventeen
years by various workers associated with the Department, in particular Dr. Curt
Teichert, now of the United States Geological Survey, one of the foremost
authorities on the Permian of Western Australia. The bulk of the collection
was made up of specimens from the Burean of Mineral Resources, which were
collected over the last few years by various field parties of this organization,
operating in the Carnarvon Basin and in the Kimberley area. Specimens from
the "Australian Museum were collected by various workers, in particular Dr.
H. G. Raggatt, formerly Director of the Bureau of Mineral Resources, and Mr.
H. O. Fleteher, Palacontologist with the Australian Museum. Many of the
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specimens from the Irwin River District were collected by myself or by accom-
panying students. A few specimens come from the collections of the Geological
Survey of Western Australia.

The collection is therefore the result of many years’ work by many people,
some of them trained palaeontologists, operating over vast sparsely settled areas,
in which the exigencies of field work, particularly the time-factor, often prevent
thorough sampling and system in collecting. Nevertheless it is probably fairly
representative of the Western Australian Permian Productacea, though there
are certainly still some gaps to be filled, and better material to be found to
replace present poor material. Thus recent expeditions of the Bureau of
Mineral Resources and the Australian Museum have returned with new speci-
mens which have made possible better definitions of several already deseribed
species, and confirmed the presence of a previously suspected mew species.
Nearly one-half of the total number of specimens studied come from the Car-
narvon Basin, about one-quarter from the Irwin River district, and most of the
remainder from the West Kimberley District.

Owing to the lamellose structure of the shell, fine ornamentary features of
productid specimens are often not well preserved. In this collection, however,
specimens have been generally so well preserved that in nearly every species
it has been possible to deseribe precisely both internal and external features.

In the North-West and Kimberley divisions the climate is arid to semi-arid,
In parts monsoonal, with brief wet and long dry periods. The enclosing
sediments are mostly fine sandstones, in places rich in iron. Under these
climatic conditions certain of the sedimentary beds have been locally enriched
in iron; the calcite of the shells has been leached; and subsequently both
internal and external casts have been formed, many of them with a case-
hardened surface of desert varnish. 'This process is particularly well shown
in the preservation of plates of the species of Calceolispongia, one of the most
valuable index fossils in the Permian of Western Australia (see Teichert,
1949, pp. 31-34).

Where casts have not been formed weathering has freed the enclosing
shells from the matrix, partially or wholly, very often with a minimum of
surface wear.

From the aspect of gross preservation the specimens may, then, be divided
into two groups. In the first the original shell material has been preserved;
in the second the shell material has been removed or replaced, the shell being
represented by casts which, if studied carefully, show details of both internal
and external features. These casts have to be treated with caution, for
some are meither truly extermal nor truly internal. Instead, leaching away
of the shell material and its replacement by limonite seem to have gone on
simultaneously with the filling in of the interior at such a rate that the
resultant cast represents the shell as it would be with half the shell thickness
stripped away. Gross features, both internal and external, are then shown—
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coarse spine-bases, median septum, and cardinal ridges. Such specimens may
be difficult to place in the proper species and may even g1ve the false impression
of a new species.

Comparatively few specimens were enclosed in matrix so dense and hard
as to defy efficient preparation. These were found in dense or massive lime-
stone, a comparatively rare sedimentary type in the local Permian, and in
silicified or intensely ferruginized sandstone. Most specimens have a fine
sandstone matrix which is fairly friable and can be treated mechanically.

The productid shell, particularly that of Strophaelosia, is difficult to section
because of the ease with which the shell lamellae flake away. Best results are
obtained by embedding the piece of shell, after impregnation with canada
balsam, in transparent embedding compound so that exact sections can be
obtained without undue trouble. The Croft grinding machine (Croft, 1950)
proved useful when controlled grinding was necessary. For mechanical treat-
ment, small and delicate shells are embedded in paraffin wax before preparation.
The wax can be dissolved away afterwards with xylol.

Although the bulk of the sepecimens studied were part of the Common-
wealth Palaeontological Collection, Canberra, the choice of type specimens,
where possible, was made from specimens of the University of Western Aus-
tralia, the nearest major repository to the areas comecerned.

SYSTEMATIC DESCRIPTIONS.
Before beginning on the descriptions proper a few prefatory notes are
necessary.

(i) In the text of the species descriptions certain Australian vernacular
expressions are used in the definition of many localitiés. To avoid possible
confusion they are defined here.

Station: A large pastoral holding, sometimes several thousand square miles
in area.

Paddock: A subdivision of a station, varying in size from a very large
field to an area of a hundred or more square miles.

Homestead: A eollection of buildings constituting the station-owner’s or
station-manager’s home.

Hole: A soakage or natural dam for watering stock.

Fence: The wired fence dividing one paddock from another or the
boundary of a station. In country largely devoid of prominent natural physio-
graphical features, and mostly unsurveyed, such fences play a large part in the
fixing of localities. :

Some of the localities mentioned in the descriptions are those of specimens
collected in the early days of investigation of the Western Australian marine
Permian. Every effort has been made to pin-point these localities, many of
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which are very vague, but some of them are beyond tracing. For nearly all
the species concerned, however, other specimens are mentioned, the localities
of which are sufficiently precise to guide future collectors.

(i1) The term “ variety ” has not been used in this paper, because it has.
no official standing in universal zoological nomenclature; the category “sub-
species ” is used, in the sense of Newell (1949). It is not used to suggest a
morphologically variant population co-existing and cohabitating with the main
population. Since there is the emphasis on the species as a population it
should also be stressed that all specimens studied have been used to define the
population they are considered to represent. For all new speecies, therefore,
the holotype has been regarded simply as a representative name-bearer. The
paratypes have been selected to cover as wide as possible a range of featural
variation.

(ii1) In 1951, application was made to the International Commission on
Zoological Nomenclature for suspension of the Rules in connexion with seven
species frormn the Lower Carboniferous of England deseribed by Martin in
1793 and 1809 (see Muir-Wood, 1951; and Bull. Zool. Nomen., 6 (1), 7-17,
1951). Two of the species, Conchyliolithus Anomaites productus and C.A. sema-
reticulatus, are the genotypes of Productus and Dictyoclostus respectively. At
the time of writing no definite ruling on this application is known. The name
Dictyoclostus has therefore been used pending the verdict of the Commission.

(iv) All dimensions quoted are in millimetres; the sign = after a dimen-
sion indicates measurement along a broken edge; the term “ approx.” indicates
a measurement also along a broken edge, but calculable to within a few
millimetres.

(v) Selected synonymies only are given for the well-known species
described in this Bulletin. Complete lists of references on these species can
be obtained from Branson (1948).

(vi) Some of the genera described herein have never been given true
diagnoses. For cach of these genera I have tried to give an abbreviated deserip-
tion, or definition, which sums up the features considered typical by most
authors.

(vii) The following abbreviations indicate the repository of specimens:—

B.M.: British Museum (Natural History), London.

Aust.Mus.: Australian Museum, Sydney.

U.W.A.: Geology Department, University of Western Australia.
G.S.W.A.: Geological Survey of Western Australia.

C.P.C.: Commonwealth Palaeontological Collection, Bureau of Mineral
Resources, Canberra.

M.U.: School of Geology, University of Melbourne.
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Phylum BRACHIOPODA.

Class ArticunATA Huxley.

Order STroPEHOMENIDA Moore, 1952,
Superfamily Propuctacea Maillieux, 1941.
Family PropuctipAr Gray, 1840.
Subfamily PropucTINAE Waagen, 1884.

Genus AULOSTEGES Helmersen.
1847—Helmersen, Leonhard and Bronw's Jb. Miner., p. 331, text figure.

Type Species: Aulosteges variabilis Helmersen — Orthis wangenheimi
Verneuil. Helmersen 1847, Leonhard and Bronw’'s Jb. Miner., p. 331, with text
figure.

Definition: Medium to large shells, rarely small, ovoid to quadrangular or
triangular outline, concavo-convex or plano-convex dorso-ventrally, occasionally
geniculate or subgeniculate. Ornamentation essentially spinose, mostly over
both valves, with concentric wrinkles and, rarely, radial striae.

Pedicle valve convex to varying degrees with a well developed area and
pseudodeltidium. Pseudodeltidium frequently ornamented with spines. Umbo
sharp, pointed or rounded, often deformed and with cicatrix of attachment.
Without teeth, or with very rudimentary teeth only. Median sinus often
pres:nt. Without distinet ears.

Brachial valve flattish or concave, nearly always without area or, if present,
area very narrow and linear. Cardinal margin with median triangular exten-
sion. Margins often upturned or rarely geniculate.

In brachial valve median septum present, separating dendritic adductor
muscle impressions. Brachial impressions productiform. Cardinal process
usually trilobed, complex, large, ineclined to the plane of the brachial valve
at angles from about 30 to 90 degrees. Marginal ridges often present along
the cardinal margin.

In pedicle valve adductor impressions dendritic, most often more elongated
than in brachial valve, bordered on either side by striated diductor muscle
impre:sions.

Remarks: Representatives of this genus are usually medium-sized or large,
although the size varies greatly. The pedicle valve may be unevenly or evenly
convex or geniculate. It is nearly always deformed, often strongly so, the
whole body of the valve being affected or the umbo alone. The area is isosceles
in shape or inequilateral if the umbo is markedly deformed. Usually well
developed, it may be flat or concave, the concavity sometimes being irregular,
and is often marked by striations either parallel to the hinge-line or vertical
to it, or both, resulting in a cross-hatched pattern. The narrow pseudodeltidium,
ridge-like, triangular or parallel sided, divides the area; it rarely meets the
hinge-line, leaving a triangular gap filled by a corresponding extension of the
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cardinal margin of the brachial valve. It is probable that the pseudodeltidium
bears minute spines, their absence in many forms being due to the secondary
effects of preservation.

The surface of the pedicle valve is ornamented by spines, erect or adherent
or both, varying greatly in size and arrangement even on the same speeimen;
but mostly the arrangement is a variant of that termed quincuncial. Concentric
wrinkles are present and may be pronounced. On the brachial valve the
ornamentation is as for the pedicle, pits representing the spine bases on the
pedicle valve, with interspersed spines often finer than those on the pedicle
valve.

The internal features are rather distinetive. For the brachial valve the
description following is that of A. wangenheimi (B.M. BB3279) and may be
considered characteristic. (Pl. 6, fig. 2; pl. 21, figs. 3-6, 8). For the size of
the shell the cardinal process is large. It extends into the body cavity perpen-
dicularly to the plane of the valve. From the posterior aspect, that is, facing
the umbo, it appears as trilobed, the lines of growth very evident. From the
antero-ventral aspeect it appears as almost quadrilobed. The roots of the process
lie a little posterior to the hinge-line, being buttressed by the triangular exten-
sion of the cardinal margin already referred to. Anteriorly the process con-
tinues as two thick ridges gradually separated by a suleus which grows wider
towards the base. It is this sulcus which, extending as a line almost to the
termination, creates the apparent quadrilobed appearance from the ventral
aspect. The ridges continue along the hinge as thick marginal ridges. These
marginal ridges vary in development from individual to individual. From
the base of the process two ridges arise and converge to meet in the middle
line within a few millimetres, continuing anteriorly as the median septum
almost to the edge of the visceral dise. Thus a diamond-shaped depression
separates the process from the median septum. Just anterior to this
depression, on either side of the median septum, are the adductor muscle
impressions, markedly dendritic and sunken in subtriangular depressions.
From the base of the muscle impressions the brachial impressions run almost
to the lateral margins, subparallel to the hinge, and then curve anteriorly to
give an open hook-like loop. The alar extremities carry swollen protuberances
owing to the terminal enlargement of the marginal ridges. Much of the
posterior surfaee is covered with fine pits, elsewhere being smooth,. except the
geniculated portion which may be pustulose.

This deseription, although containing reference to minor features individual
to the speeies, is characteristic in a general way of all species of the genus.
The main points to be noticed are: the strongly inelined cardinal process; its
complexity of lobation; the conjoining of two ridges to form the base of the
process; the markedly dendritic adduetor muscle impressions; the productiform
brachial impressions.

Species of the genus Aulosteges as deseribed above form a distinet and
easily recognizable group. They may be distinguished from the similar species
of the Strophalosiinae by these features: a high area confined to the pedicle
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valve; the absence, except in a very poorly developed form, of an area on the
brachial valve; the absence of teeth, or their presence in a very rudimentary
form; a fairly complex ecardinal process which is either perpendicular or
strongly inclined to the plane of the .brachial valve; dendritic adductor musecle
impressions; and the triangular extension of the cardinal margin of the brachial
valve.

From species of the “ Productus spinosi” group, species of this genus are
distinguished by the high area, the strong inclination of the cardinal process
to the brachial valve and, very frequently, by a degree of deformity. It is
probable, however, that these differences are not as truly fundamental as those
between Awulosteges and Strophalosia. By mixoperipheral growth of the pedicle
valve, with consequent development of an area (e.g., Juresanie), many pro-
duectinids could very easily be confused with Aulosteges. It may very well
be that Aulosteges is polyphyletic, and in this regard it is significant, although
not a criterion, that the genus has been largely subdivided into several
subgenera. ‘

If Awlosteges 1s to be interpreted as above, Wyatking Fredericks (1931)
and Strophalosiina Licharew (1935) are to be regarded as subgenera of
Aulosteges. As Hill (1950) suggests, Wyathineg may not be separable from
Aulosteges sensu strictu. 1f it is found to be separate the following species, here
described, might conceivably belong to Wyatkina: A. fairbridger, A. ingens,
A. spinosus, and Taentothaerus(?) fletcheri. In the same paper Hill also
suggests two other possible subgenera, one represented by A. wolfcampensis King
(1930), a costate and spinose species with a ventral cardinal area; the other
by A. horrescens (de Verneuil, 1845), A. fragilis (Netschajew, 1894), and
A. longa (Netschajew, 1900), from the Russian Kazanian. This second group
is made up of shells with thin to medium-sized visceral cavities, prevailing low,
wide ventral areas, and with the area in some cases divided by a pair of oblique
lines from the umbo, one each side. Most of the Western Australian species
here assigned to Taeniothaerus Whitehouse (1928) are very similar to this
Russian group, so much so that if the assignation of the Western Australian
species to Taentothaerus is correct (of which more will be said later) then
probably the Russian group is also not separable from Taeniothaerus.

AULOSTEGES BARACOODENSIS Etheridge fil.
Pl 1, figs. 1, 3, 4, 6.
1903—A. baracoodensis, Etheridge fil., Bull. geol. Surv. W. Aust., p. 22, pl. 2,
figs. 1-2a.
1933—A. baracoodensis, Etheridge fil.; revised Hosking, J. Roy. Soc. W. Awst.,
19, 33, pl. 1, figs. la-c, pl. 2.
Lectotype: (chosen Hosking, 1933) Aust.Mus. F.36218 (previously F.1569,
Mining Museum, Sydney), Wooramel River, southern part of Carnarvon Basin
Probably Callytharra Formation.
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Other Material: U.W.A. 10496, Fossil Cliff, Irwin River. Fossil Cliff
- Formation. 23437 a, b, same locality and horizon.

Diagnosis: Large-sized Aulosteges-species, subquadrate outline, with low,
wide, ventral area. Ornamentation of elongated, mostly fine, spine-bases,
reelined or erect. Cardinal process massive. Resembles most closely A. lyndo-
nensis Sp. nov., but distinguished from it by overall finer degree of ornamenta-
tion and smaller area.

Description: Dimensions of typical specimens are—

- F36218. U.W.A. 10496. U.W.A. 23437b.
Length of hing .. .. .. 50 44 39
Width .. .. .. .. 80 70 56
Length .. .. .. .. 81 67 41+
Curvilinear length .. .. .. 1154+ 90+ 60-1
Depth .. .. .. .. 204+ 174 124-

Shell large, often somewhat deformed, subquadrate, longer than wide,
pedicle valve convex, the convexity of low degree. Its greatest width is anterior
{0 middle of shell, the hinge-line being half to two-thirds of greatest width,
and straight. Ears not highly developed, hardly offset from rest of valve; alar
angles obtuse, more or less rounded. Median sinus mostly broad and weak,
commencing just anterior to the umbonal region. Umbonal region often swollen
with strong blunt umbo which may be deformed; generally straight or slightly
meurved, and not overhanging the hinge-line. The area is high, triangular,

the apical sides slightly curved, convex to the base (the hinge), approsimately
a half to two-thirds the width of the hinge-line, and transversely lined with
growth ridges. It is generally undistorted, and in height one-half to two-thirds
its width. The pseudodeltidium is narrow, erect, seemingly devoid of spines but
composed of transverse laminae. It is not twisted. It fails to reach the cardinal
margin, the triangular gap being filled by an extension of the brachial valve
which buttresses the dorsal side of the cardinal process.

The brachial valve is concave to varying degrees with smoothly upturned
margins hardly to be described as geniculate. The median septum is well
developed and extends for about two-thirds the length of the valve.

The ornamentation of the pedicle valve consists in the main of elongated
spine bases of fine to medium size, arranged over the visceral region in approxi-
mate quincunces. Towards the margins and ears they are more haphazardly
placed. From them rise spines flat-lying or erect, both types occurring together.
On the brachial valve the spines, inset between pits or dimples corresponding
to the spine bases 'n the other valve, are finer and generally flat-lying. Concen-
tric growth wrinkles are prominent on both valves, particularly towards the
marging of mature specimens.

The cardinal process is trilobed, and spike-like at its extremity, as Btheridge
originally deseribed it. As a whole it is massive and extends well into the
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umbonal cavity. Ventrally it appears to spring from the junction of two
ridges, much as in 4. lyndonensis, which, over the process proper, are separated
by a depression. It is the faint continnation of this suleus to the extremity,
so splitting the median lobe, which gives an apparent quadrilobation from the
ventral aspect. The main three lobes are small and parallel-disposed. A median
septum is present in the brachial valve. The remaining internal features are
unknown. :

Variation within the Species: The number of specimens is limited and little
can be judged as to the limits of variation in the species. The size of the
area certainly varies, particularly in height, so that in some instances it is only
one-sixth of the width, more rarely in others it may be as much as two-thirds.
Distortion of the specimens does not allow of any estimate of the variation in
shape. The ornamentation is the same in all specimens.

Comparison with other Species: A. baracoodensis approaches most closely
another local species, A. lyndonensis sp. nov. The spines and spine bases of
A. baracoodensis are more numerous than those of 4. lyndonensis and are con-
sistently finer in size. The constantly larger size of A. baracoodensis, in
conjunction with its shallow visceral cavity and hinge-like features, render it
quite distinet from other species of the same genus in Western Australia.
Among foreign species it can be compared with A. medlicottianus Waagen
(1884, p. 663, pl. 62). This species, from the Salt Range, has a wider area
than that of A. baracoodenmsis, and has muech more sparse and coarse
ornamentation.

Remarks: A. baracoodensis was first described by Etheridege on the basis of
two rather different specimens, one of which was later lost. Hosking revised
the species in 1933, using the remaining co-type, and another local specimen
considered conspecific.

AULOSTEGES RECLINTS Sp. NOV.
Pl 1, figs. 2, 5, 7, 8-10; pl. 2, figs. 1-4.

Holotype: U.W.A. 31190, 4 miles north of Mount James on boundary fence
between Nerrima and Kalyeeda Stations, Fitzroy area, West Kimberley District.
Liveringa Formation, Hardman Member.

Paratypes: UW.A. 29106, 29106a, 29109; Windmill at Selection Home-
stead, Fitzroy area, West Kimberley District. ILiveringa Formation, probably
Hardman Member. U.W.A. 31191, 1 mile south of Terrigan Hole, Nerrima

. Creek. Same general locality and formation. C.P.C. 21043, near base of
Mount Hardman, West Kimberley District. Iiveringa Formation, Hardman
Member.

Diagnosis: Aulosteges-species with subtriangular outline, pedicle valve not
strongly geniculated, the area being large, triangular and reclined. Is less
convex than A. dalhousii Davidson with shorter hinge-line, and less pronounced
geniculation of the pedicle valve.
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Description: Dimensions of typical specimens are—

— U.W.A. 31190. 29109. 31191,
Length of hinge-line .. .. .. 38 28 30
Width .. .. .. . 50 50 58
Length . .. .. .. 57 56 + 64
Curvilinear lengt .. .. .. 5 70 80
Height . .. .. . 18 (approx.)

The pedicle valve is of medinum size, of low convexity, usually most convex
anterior to the middle, and deformed. It is subtriangular in outline, with the
transverse curve a low arch with steep, sometimes wall-like sides, flattened
medially and indented by a broad strong sinus, which becomes more narrow
towards the strongly indented anterior margin. The hinge-line is straight,
less than two-thirds the greatest width. Longitudinally the valve is of a very
low degree of convexity, almost flat for about two-thirds of its length, then
becoming more convex, somewhat geniculated, then flattening out. Alar angles
are obtuse, and henece there are no ears.

The umbonal region is poorly developed, not swollen. The umbo is
triangular shaped, pointed, the umbonal angle being about 90°, extending
far posterior to the hinge-line, the tip lying well below the hinge-line, and
separated from it by a very large triangular undistorted area, vertically striated,
extending for two-thirds the width of the hinge-line, very reclined, obtuse-
angled, and slightly concave. It is bisected by a sharp, apparently annulated,
pseudodeltidium, running from the tip of the umbo at least half way to the
hinge. The remaining triangular gap, not filled by the pseudodeltidium, was
probably filled by an extension of the brachial valve.

Ornamentation over the viseceral disc consists of very elongated radially
disposed spine-bases of medium size, giving a pseudo-costate appearance to the
shell, and bearing erect spines. On the anterior and lateral margins, after
subgeniculation, the spine-bases are much finer., Numerous growth wrinkles
sometimes coineide with deformed parts of the pediele valve.

The dendritic adductor muscle impressions in the pedicle valve are very
elongated, raised, separated by a mnarrow sulcus. They occupy an area about
one-third of the curvilinear length from the tip of the umbo. The striate
divarieator impressions oceupy large quadrangular areas, one either side of the
adduectors.

Only a few casts of brachial valves, indifferently preserved, were available
for study. The hinge is the widest part. For the most part the valve is
slightly convex over the visceral dise, with upturned margins, hardly to be
described as geniculate, and with slight median swelling anteriorly. The
anterior margin is sharply indented, corresponding to the median sinus of the
pedicle valve. Ornamentation of pits corresponds to the spine bases on the
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other valve. Whether or not it bears spines could not be determined. Internal
characters cf this valve are not well known. A narrow median septum extends
across the visceral dise, not continuing into the cardinal process. The process
is spike-like, ‘inclined at a large angle to the plane of the brachial valve.

Varwation within the Species: The small number of specimens gives only an
approximate idea of the limits of variation in this species. The size of the area
varies a little but it is always large in comparison to the size of the shell. The
height varies from omne-half to one-quarter of the width. The amount of
reclination of the area varies within small Iimits, but the tip of the umbo
always lies well beléw the hinge-line. The obtuse angle of reclination ranges
from 100° to 130°. Some specimens are more misshapen than others. The
-amount of geniculation of the pedicle valve varies; in some specimens it is
hardly apparent.

Comparison with other Species: In shape and size the form described as
Strophalosia tholus Keyserling by Netschajew (1911, p. 146, German Résumé,
pl. 8, fig. 1) comes close to this species. The ornamentation is, however,
radically different; the area is more concave and shows some distortion.

A. wangenheimi de Verneuil var. punjabica Reed (1944, pl. 7, fig. 2)
bears a close resemblance to A. reclinis in that both species have a similar high
reclined triangular area, but the Indian variety differs in not possessing as
convex a longitudinal profile and in the spine bases becoming coarser towards
the margins. The shape of the Reed’s variety is also more quadrangular.
A. wangenheimi (de Verneuil) is distinguished by its distorted area, geniculated
Lrachial valve, and slight median sinus.

A. randst Hill (1950, p. 6, pl. 6, fig. 1) is a somewhat similar species,
but seems to have a narrower area, which is distorted and unevenly developed.
and the hinge-line appears to be shorter than that of the present species.

A. dalhousis Davidson (1862, pl. 2, figs. Ta-c), of all species of the genus,
approaches most closely to the local form. It is, however, rather more convex
in-the pedicle valve, the geniculation of the pedicle valve is more pronounced
and the hinge-line is relatively shorter. Nor does it seem to show the finer
spine bases over the marginal post-geniculated portion of the pedicle valve
which oceurs in the Western Australian species.

Material: Twenty specimens showing internal and external features
variously preserved in each specimen.

A ULOSTEGES FAIRBRIDGEI Sp. nov.
PL 2, figs. 5-12.

Holotype: U.W.A. 29348f, near Tutu windmill, Nerrima COreek, Luluigui-
Myrooda area, West Kimberley Distriet. Liveringa Formation, Hardman

Member,
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Paratypes: U W.A. 29438a, b, e, same locality and horizon as holotype.
29201, west side of Mount Cedric, West Kimberley District. Liveringa Forma-
tion, Hardman Member. Aust. Mus. F.44722) F.44778, F.44781, F.44827; Iron-
stone ridge, Port Keats Native Mission, 154 air miles south-west of Darwin.
Port Keats Group, probably equivalent, at least in part, of Liveringa Formation.

Diagnosis:  Aulosteges with large shallow visceral cavity, large reclined
area, attenuated umbo, and very regular ornamentation of elongate spine bases
on both valves. Distinguished from A. wynner Reed (1944, p. 114, pl. 7, figs.
5-7) by more elongate and regularly arranged spine bases and by usual presence
of coarse, erect spine bases towards lateral and anterior margins.

Description: Dimensions of some typical specimens—

— 29438f, 20438a. 29438e,
Length of hinge-line .. .. .. 34 33 28
Width . .. .. .. 58 52 44
Length . .. .. .. 67 65 52
Curvilinear length .. .. .. 94 85 75
Depth .. .. - .. 24 25 24

The visceral cavity is large in proportion to the overall size of the shell,
owing to the combined absence of geniculation and pronounced median sinus,
but quite shallow. The pedicle valve is convex, the convexity being of low or
moderate degree and evenly so, but curving fairly abruptly from the flattened
median portion to the lateral margins. The hinge is straight, about two-thirds
the width, resulting in a subtrigonal outline. The median sinus commences
anterior to the wumbo, and remains broad and weak over the main visceral
cavity, increasing in depth only in the later growth stages of mature speci-
mens. The umbonal region is not strongly developed; the umbo is not bulbous,
but still prominent and projecting well behind the hinge-line, The umbonal
angle is about 60°. The tip of the umbo is erect or slightly incurved, swollen,
knob-like, deformed, and lying a little below the plane of the brachial valve.
The area is large and high, increasing in size with older specimens, slightly
concave, triangular, extending over the whole hinge, and reclined below the
plane of the brachial valve. Better preserved specimens show vertical striations.
It is pierced by a narrow deep delthyrium, one-third filled by -an ereect,
N-shaped pseudodeltidium. The resultant gap is at least part, probably wholly,
filled by a narrow triangular extension of the brachial valve.

The brachial valve is usually slightly convex initially but flattens out and
becomes slightly concave at the margins, which may show slight upturning. This
initial convexity is separated from the hinge-line by a marrow, flat belt which
extends along the entire length of the hinge-line. No ears.

The pedicle valve is covered for the most part with very elongated, close
set, fine spive bases in regular quincuncial arrangement, giving the appearance
of numerous interrupted costae. On the anterior marginal surfaces of mature
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and old specimens the pseudo-costation is less evident, replaced by a quincuncial
arrangement of spines which become coarser, sparser and erect, particularly over
the alar extremities. Whether the actual spines are flat-lying or erect is not
known. The tip of the umbo is smooth. Growth wrinkles are rare. The surface
of the brachial valve is ornamented with irregular low elongated pustules and,
in later growth stages, with numerous fine pits.

Linear-striate diductor muscle scars are present on the pedicle valve of a
few specimens. The adductor muscle impressions in this valve are elongated
and somewhat raised areas in the centre of the posterior third of the valve.
In the brachial valve a pronounced median septum extends from the anterior
edge of the flat belt previously mentioned to about two-thirds of the distance
to the anterior margin. It is narrow and high posteriorly but dies out
gradually anteriorly. Two narrow erect ridges arise a short distance before
the posterior termination of the septum, separated by a narrow deep suleus,
becoming more erect and convergent and projecting at an angle of about
45° to the plane of the valve to form the cardinal process. At about 8 milli-
metres from the base, the ridges join and form an apophyse which recurves to
lie parallel with the plane of the valve. This apophyse is trilobed, the lobes
being small, spike-like, and pointing posteriorly, not diverging. The posterior
extremity of the cardinal process thus lies well within the umbonal cavity.

The adductor muscle impressions are dendritic, occupying small oval areas
about one-third of the length of the median septum from the hinge-line.

Study of 'a growth series of specimens reveals certain changes during
growth. Thus the area increases in size from younger to older individuals.
" The pseudo-costation gives way to stronger erect spine bases only in mature
and old specimens. Young specimens may show slight deformation affecting
the whole shell, which is not apparent in mature ones. The incurvature of the
umbo seems to increase slightly with age. The general outline and shape are
fairly constant although there is a trend towards greater elongation with
increasing age.

Variation within the Species: Variation of features due to age differences
in individuals have already been outlined. One the whole this species is quite
stable in its characteristics. The inclination of the cardinal process to the plane
of the braehial valve may vary between about 30 and 45 degrees, and the develop-
ment of the median sinus is somewhat variable. It may be only a little more
than a flattening of the median portion of the pedicle valve, but is mostly
broad and weak, resulting in a shallow indentation of the anterior margin.

Comparison with other Species: In general shape this species is very similar
to Aulosteges wynnei Reed (1944, p. 114, pl. 7, figs. 5, 6, 7), less so to Aulosteges
cf. gigas Netschajew of Diener (1903, p. 182, pl. 8, figs. 13a-c, 14) and Aulos-
teges guadalupensis Shumard as described by Girty (1908, p. 277, pl. 20, figs.
22, 22a). The latter two forms, however, do not show the same elongation of
the spine bases nor their regular arrangement with the resulting pseudo-costa-
tion eharacteristic of the loecal species, and although Aulosteges wynnei is closer
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to A. fairbridges in this respect, it does not possess the coarse, sparse and erect
spine bases on the lateral and anterior margins, always found on mature
specimens of A. fairbridger.

There should be little room for confusing this with other local species of
Aulosteges. None of them possesses either arvea or ornamentation of a compar-
able nature.

Material: Seventy specimens, all moulds, showing internal and external
features.

Bemarks: The specific name is given to honour Dr. Rhodes W. Fairbridge,

Columbia University, who has done valuable work on the Permian of the
Irwin Basin.

AvLosTEGEs 1NeENS Hosking, revised.
Pl. 3, figs. 1-10.
1931—Aulosteges ingens Hosking, J. Roy. Soc. W. Aust., 17, 15, pl. 5, figs.
la-c, pl. 6, figs. 2a-c.
1943-—Aulosteges ingens Hosking; Prendergast, J. Roy. Soc. W. Aust., 28, 37.

Lectotype: (chosen here) G.S.W.A. 1/5000. Bed in bank of Wooramel
River, 3 miles above R.20, Carnarvon Basin. Lower part of Byro Group.

Paratype: G.S.W.A.1/4955. Same locality and horizon.

Diagnosis: Aulosteges-species, subquadrate, with pointed, twisted umbo.
Ventral area large, wide as hinge, with prominent ridged pseudodeltidinm.
Distinguished from A. gigas Netschajew (1894, p. 155, pl. 3, figs. 1-3, pl. 4, figs.
3-5, 12) and A. cf. gigas Netschajew, fisured Diener (1903, pl. 8, fig. 13), by
absence of marked growth wrinkles, and by pseudodeltidium ridge-shaped, not
rounded in section.

Description: Dimensions of some typical specimens are—

- 1/5000. 1/4955, 32045,
Length of hinge-line .. . .. 42 43 31
Width .. .. .. .. 54 46 46
Length . . .. .. 59 .. 50
Curvilinear lengt .. .. .. 95 .. 75
Height . .. .. .. . 32 30 26

The following is taken from Hosking’s original description :—

“ Shell slightly longer than broad; ventral valve inflated, dorsal valve flat
in the viseceral region, but becoming concave towards the edges which are
abruptly bent upwards, more or less at right angles to the plane of the valve.
In the longitudinal direction the ventral valve is strongly arched anteriorly
and posteriorly, but slightly flattened in the visceral region. Transversely
the lateral slopes ascend steeply almost at right angles to the plane of the
central portion which is flattened and depressed in the central line by a well
developed sinus, The hinge is slightly shorter than the greatest width of the
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shell. The lateral margins meet the hinge in a blunted right angle; they ave
almost straight posteriorly then curve rapidly to the anterior margin which is
only very gently curved and slightly indented medially by the sinus; thus the
shell has a pronounced quadrangular outline particularly from the dorsal
aspect. The umbo of the ventral valve is high, slightly overturned and slightly
twisted. One specimen bears a flattened mark of attachment to some foreign
body. - The area is high and unequally developed on the two sides of the
pseudodeltidium. The distortion of the umbo and area varies in the two
specimens. On both specimens the margin on one side of the area slopes at
a constant angle from the umbo to the end of the hinge-line, but on the other
side descends steeply nearly to the hinge-line with only a very narrow prolonga-
tion of the area running to the end of the hinge-line. One specimen has the
abruptly narrowed side on the right, the other has it on the left of the
pseudodeltidium.

“The less weathered specimen shows the area ormamented with vertical
striations. The pseudodeltidium is strongly vaulted with a median ridge, which
in the less weathered specimen is rounded, but in the more weathered specimen
is sharp, making the pseudodeltidium /\-shaped in cross section. It is about
3 mm. broad at the base and tapers to a point under the umbo. It is marked
with horizontal annulations. Where the area is muech distorted the pseudo-
deltidium is twisted to ome side. The cardinal process of the dorsal valve is
broadly triangular, coming to a sharp point under the pseudodeltidium.

“Both valves are ornamented with spine bases which are finer and more
closely set on the dorsal than on the ventral vaive. On the visceral portion of
the ventral valve they are large and regularly arranged in more or less alter-
nating rows. The spines evidently ran for some distance in the test before
emerging at the surface, particularly towards the anterior where this pro-
duces a faintly ribbed appearance on the exfoliated shell. Faint longitudinal
furrows’ on the cast are also probably caused by this. Stout tubular spines
are thickly set around the margin and on the ears of the ventral valve. A few
concentric growth lines are faintly seen on the visceral portion of the ventral
valve and towards the margin of the dorsal valve.”

This description was based on the two original specimens. Since the time
of the original deseription only five or six additional specimens had been found.
Material collected recently, however, from the Point Keats Native Mission, in
the Northern Territory, just east of the Western Awustralian border, by an
expedition of the Australian Musewm, Sydney, included well over 100 specimens,
some of which are mirror images of the type specimens. Bureau of Mineral
Resources parties have also collected many more specimens from the West
Kimberley Distriet.

The new material has shown details of the internal features and has also
provided a wider conception of the external features, best illustrated in the
discussion on the range of variation.

The cardinal process begins as two pronounced ridges arising one each side
of the median septum. These ridges become more prominent posteriorly,
gradually converge, a sulcus between them, and meet just posterior to the
hinge. The lobation begins posterior to this, each ridge more or less dividing,
the inner divisions continuing to give a prominent median lobe, the outer
diverging to give two strongly developed lateral lobes. The sulcus may con-
tinue to the extremity as a faint narrow incision tending to indent the median
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lobe. As a whole the process is trilobed, tending to be quadrilobed, very strong
and massive for the size of the shell, projecting well into the umbonal cavity,
and is inclined ventrally to the plane of the brachial valve at angles up to 30
degrees.

The median septum is independent of the cardinal process; it is high and
narrow just posterior to the adductor muscle impressions, and persists,
gradually becoming less prominent, to the beginning of the upturning of the
margins. The adductor musele impressions are oval-shaped, dendritie, situated
just anterior to the ridges which go to malke up the base of the cardinal process.
The brachial impressions are not shown by any specimen.

In the pedicle valve the adductor muscle impressions are dendritie, slightly
raised, and seem to be more elongated than those of the brachial valve. The
diductor impressions are linearly striate.

The additional material also contained many immature specimens. These
usually have a very large arvea in eomparison with their size, which may be
more reclined than that of the adult shell, resulting in an appearance similar
to that of A. reclinis sp. nov. but much smaller, and without the subgeniculation
of the pedicle valve of that species.

Variation in the Species: The outline may range from subquadrate to
elongate-oval, and the convexity of the pedicle valve from being greatest over
the middle of the valve (most usual), to being greatest over the posterior third,
in which instances the umbonal region is more swollen and the shell but little
distorted. This variation in convexity may be correlated with that of the
distortion of the wmbo and hence of the valve. Where the umbo and pedicle
valve are distorted, as they usually are, the umbo is more attenuated, the
umbonal region less swollen, the area larger, and the convexity greatest over
the middle. Where the umbo and valve are less distorted, the area is smaller,
the umbonal slopes more swollen, and the convexity greatest posteriorly. This
correlation in variation is very probably connected with the relative time of
attachment of the young shell.

The area may extend from two-thirds to the entire length of the hinge.
When the umbo is very attenuated and projects well above the plane of the
brachial valve the area is slightly concave, often with a recurved margin
reminiseent of that of A. spinosus; when the umbo is less distorted and the tip
level with or a; little below the plane of the brachial valve, the area is more
pronouncedly concave. The height of the area, and hence its size, varies between
three-quarters and one-quarter of the width. It is greatest in the more dis-
torted shells. ’

The margins may be just upturned or there may be a trail up to 1 em.
long. The trail is covered with spines finer than those on the body of the shell.

Comparison with other Species: In the original deseription Hosking com-
pared A. ingens closely with A. cf. gigas Netschajew as described by Diener
(1903, p. 182, pl. 8, figs. 13a-¢c), an Indian species. A. gigas Netschajew (1894,
p. 155, pl. 3, figs. 1-3, pl. 4, figs. 3-5, 12) was not compared. The additional
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material has widened the content of the species so that the differences Hosking
mentions as distinguishing A. ingens from A. ef. gigas (and also from A. gigas)
comprise the following: The local species is less characterized by coneentric
growth wrinkles, the pseudodeltidium is more ridge-shaped than rounded in
section, and, as far as can be seen, the area is not divided by a pair of oblique
lines from the umbo. The comparison of this species with 4. gigas Netschajew
raises the question of its possible assignation to Wyathing Fredericks (1931,
p. 210 footnote) with type species A. gigas. The distinction between Wyatkina
and Awlosteges has not yet been properly defined so that it has been thought
best, at the time of writing, to leave the species wngens with Aulosteges.

A. wngens is distinguished from A. farbridgei by its greater convexity,
more usual distortion, and less regular ormamentation. The Timor form
described by Broili (1916, p. 28, pl. 118, fig. 8) as Strophalosia (Aulosteges)
dalhousii, probably belongs to this species.

Material: Over 150 speéimens, mostly limonitic casts (the types show the
actual shell material), showing both external and internal features.

AULOSTEGES LYNDONENSIS SP. NOvV.
Pl 4, figs. 1-10.

Holotype: C:P.C. 1001, north bank of Lyndon River, north of Round Hill,
8% miles east of Mia Mia Homestead, Carnarvon Basin. Base of Bulgadoo
Shale.

Paratypes: C.P.C. 1002, 1003, 1004, 1005, 1006, 1007; U.W.A. 34431,
34432. All same locality and horizon as holotype.

Diagnosis: Large, shallow Aulosteges-species, quadrangular, with large avea
co-planar with brachial valve and ornamentation of coarse spines. Similar
to A. baracoodensis Etheridge fil. (revised Hosking, 1933), but with coarser
ornamentation and larger area.

Description: The following are the dimensions of some of the type
specimens, measurement in depth not being possible owing to flattening of
the specimens. A rather close estimate of the depth is possible and is given here.

— C.P.C. 1001. 1002. 1003. 1004.
Width of bhinge . . 48 4¢3 48 58
Width .. .. .. 72.4 72 64 80.2
Length . C .. 68.4 68 55 70
Curvilinear length .. .. | 100 (approx.) | 100 (approx.} | 95 (approx.) ..
Height .. .. .. 32 (approx.) 28 (approx.) | 27 (approx.)

Although . all the specimens available show some preservational crushing
and distortion, 1t is possible, nevertheless, by drawing on the whole range of
specimens, to gain a fair indication of the shape and outline characteristic of
the species. As can be seen from the table of dimensions this is one of the

46



larger Aulosteges-species found in Western Australia. The outline is sub-
gquadrangular, the width being greater than the length, the hinge about two-
thirds of the width. The pedicle vaive is of only moderate convexity and
probably fairly evenly so over the visceral region; it is subgeniculate. Trans-
versely the flanks are steep but not wall-like, tending to be flattened over the
middle and interrupted by a narrow median sinus, which is most accentuated
at the anterior. The margins are slightly splayed out. The alar extremities
(there are no true ears) tend to be reflexed and are not differentiated from
the body of the valve. The hinge-line is straight. The umbo is large, wide
snd shallow, the tip pointed, often showing a small cicatrix of attachment, and
level with the plane of the brachial valve. It is distorted and twisted to a
varying degree, the turning being either to left or right. The tip of the umbo
is separated from the hinge by an area, always large, but varying in size,
extending over the whole width of the hinge, roughly triangular in shape, but
distorted. It is very slightly concave, level with the plane of the brachial valve
or slightly reclined from it. If shows both vertical and horizontal striations,
presenting a cross-hatched appearance. Tt-is divided by a prominent annulated
pseudedeltidium, which is up to 3 mm. wide and inverted-V-shaped in cross-
section. In one specimen, the top of the ridge bears traces of what are almost
certainly fine spine-bases. In keeping with the distortion of the wmbo, the
pseudodeltidium is mostly bent, reaching the hinge-line, but terminating
anteriorly against the apex of a triangular-shaped notch up to 3 mm. wide, as
high as wide, which is filled by a corresponding extension of the cardinal
margin of the brachial valve.

The brachial valve is flat over the visceral region, with upturned margins.
Over the initial growth stages it may be slightly convex. A median fold
corresponds to the pedicle sinus, so that the anterior margin is indented. The
margins are upturned evenly laterally and anteriorly, and although the pedicle
valve is geniculate, the trail is not a prominent feature, extending over about
13 mm. in the best specimen. The upturning iy abrupt only at the lateral
margins, anteriorly being smooth and gradual.

On the pedicle valve there ave spines and growth wrinkles. The spines
near the umbo are fine, much less than a millimetre in diameter at the base,
but over the visceral region they are coarse, becoming more numerous and finer
again on the extreme margins. The attitude varies. Over the visceral region
the spine-bases are mostly elongate, hearing semi-erect spines, but inferspersed
haphazardly ave non-elongate bases bearing erect spines. The elongation tends
to be more pronounced towards the anterior, so much so as to give a pseudo-
costate appearance in some specimens. The arrangement is quite irregular.
This spinose ornamentation extends over the whole valve, along the hinge and
on the alar extremities, but is lacking at the tip of the umbo. Over the visceral
region the growth wrinkles are widely and irregularly spaced, but become closer
spaced and numerous on the trail.

On the brachial valve the ornamertation is similar to that of the opposing
valve. The initial part is covered with very fine spine-bases, the outer parts
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of the visceral disc with more coarse spines, the margins with more numerous
and. finer ones. The spines are not nearly so coarse as on the pedicle valve,
are suberect or erect, and interspersed among them are occasional pits corre-
sponding to the spines on the other valve. These pits are not nearly so numerous
or so regularly arranged as they are, for example, on Taentothaerus maniliensis
sp. nov. Growth wrinkles are present as on the pedicle valve.

In the brachial valve a narrow, prominent median septum extends over
the visceral disc from the base of the cardinal process, but does not contribute
to the formation of this structure. Either side of it, about one centimetre from
the hinge, are the oval-shaped finely dendritic adductor muscle impressions.
They are slightly raised, but each occupies a depressed area, the * depression
passing smoothly into the general surface anteriorly; but posteriorly the border
is more abrupt and ridge-like. This is low and rounded, and is removed from
the hinge by a few millimetres, leaving a narrow ledge along the hinge-line.
Towards the middle, each of these bordering ridges becomes very pronounced
and posteriorly directed, the two ridges so formed being the base of the cardinal
process. At first the ridges are separated by a deep suleus, 2-3 mm. wide, which
becomes less accentuated posteriorly. The process is large, projecting well
behind the hinge (up to one centimetre in some specimens), and inclined at
a low angle, averaging 15 degrees, to the plane of the brachial valve. In plan
it becomes narrower posteriorly, an average width at the hinge being 8-10 mm.,
and at lobation, 4-6 mm. The lobation is not marked; from both aspects it 18
trilobed, most clearly so from the dorsal aspect, since the lobes tend to be
directed dorsally. The lateral lobes lie parallel to the median lobe, or at a
small angle to it, and are not markedly differentiated, so that the termination
is blunt and abrupt. Lobes vary in size and disposition; in some instances
the lateral lobes are larger than the median one, in others they are smaller.
On the average all three lobes are much the same size. The rest of the posterior
surface is smooth. No specimen shows the nature of the brachial impressions
or the interior of the anterior surface.

The interior of the pedicle valve is unknown.

Variation in the Species: There are insufficient complete speeimens to show
significant variation in shape and size. Numerous fragmentary specimens,
however, show wide variation in features of the cardinal region and in the
cardinal process. As stated above, the area varies in size. In the specimen
showing the smallest area the height is approximately one-eighth the width.
In all others it is at least one-sixth the width, the maximum being one-quarter
the width. The shape and size of the umbonal region vary correspondingly
with the increased size of the area. There is also fortuitous variation of the
amount of distortion of the area. In every specimen the distortion is marked,
the area being unequally developed on the two sides of the pseudodeltidium.
In the most outstanding example, in this respect, the part of the area on one
side of the pseudodeltidium is at least four times as large as that on the other.

The cardinal process in all specimens is essentially similar in structure.
It varies chiefly in size, although always large. The largest example is one
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centimetre across at the base, and 7 mm. at the tip, the smallest 7 mm. at the
base and 5 mm. at the tip. Variation in the size and disposition of the lobes
has been described previously.

There is only minor haphazard variation in ornamentation, and this consists
chiefly in the relative number and disposition of extremely elongate, and sub-
erect, spine bases.

Comparison with other Species: The species most comparable with
A. lyndonensis is a local one—A. baracoodensis Etheridge fil. Shape, size and
internal features seem to be much the same in the two species, the principal
difference being one of ornamentation, although, in addition, the area of
baracoodensis seems to be smaller. In A. baracoodensis the spine-bases are
muech smaller, rather more numerous, and nowhere show the same degree of
elongation.

A species with very similar ornamentation, shape, and size to the present
one is A. acanthophorus Fletcher, 1945 (considered by Hill, 1950, to be but a
variety of A. (Taeniothaerus) subguadratus (Morris, 1845)) from the lower
Permian of Queensland. In Fletcher’s species the area is much smaller, much
more erect in attitude, and the umbo is more globose, is overturned, and over-
hangs the hinge.

The Moscow Basin form, A. fragilis (Netschajew) as figured by Saryeheva
and Sokoiskya (1952, p. 105, pl. 18, fig. 124) resembles 4. lyndonensis, but
the spines of the Russian species are more coarse, less numerous and more
widely separated. '

The Indian Salt Range species A. medlicottianus Waagen is similar to
A. lyndonensis, especially in general shape, but is at once distinguished by the
absence of spines on the brachial valve of Waagen’s species.

Remurks: The specific name comes from the name of the prominent physio-
graphic feature, the Lyndon River, on which the type locality is situated.

Avposteees spTNosUs Hosking, revised.
Pl 5, figs. 1-9, 11, 12.
1931—Aulosteges spinosus Hosking, J. Roy. Soc. W. Aust., 17, 17, pl. 3,
figs. 7a-d.
1933—A. spinosus Hosking, .J. Roy. Soc. W. Aust., 19, 37.
1943—4. spinosus Hosking; Prendergast, J. Roy. Soc. W. Aust., 28, 36, pl. 4,
figs. 7-10.
Holotype: G.S.W.A. 1/4687 South bank of Wooramel River, below
Callytharra Springs, Carnarvon Basin. Callytharra Formation.

Other material: Aus. Mus, F38444, 37710, Wandagee Station, Minilya
River, Carnarvon Basin. Wandagee Formation. U.W.A. 32046, 34433, Glen-
devon Iomestead, Woolaga Creek area, near Mingenew. Fossil Cliff Formation.
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Diagnosis: Small to medium-sized Awulosteges, not inflated, characterized
in particular by the sharp recurvature of the area along the cardinal margin.
Ornamentation of fine to medium-sized spines on both valves.

Description: Dimensions of some typical specimens are:.—

— G.S.W.A. 1/4687. F37710. | . F38444. 34483.
Length of hinge-line .. .. 15 21 15 33
Width .. .. .. 22 43 20 55
Length .. .. .. 20 46 19 52
Curvilinear length .. .. 23 61 24 70
Height .. .. .. .. .. S 20

In specimens with the margins entire the width is a little greater than the
length; the hinge-line is shorter than the greatest width, resulting in a sub-
quadrangular outline. Alar extremities are not differentiated as true ears,
and are often broken off so that the shell appears subtriangular. The pedicle
valve is gently convex, greatest convexity posterior or anterior about the middle;
often distorted, particularly in the umbonal region; sometimes tending to sub-
geniculation depending on the position of greatest convexity. A broad ill-
defined median sinus commences a short distance from the umbo. In young
specimens 1t may not be present at all. The umbo is large, pointed, often
twisted and straight or reclined so that the tip is most often below the plane
of the brachial valve. The tips of some specimens show what is probably a
cicatrix of attachment.

The triangular-shaped area is broad, extending one-half to the full length
of the hinge, its height one-fifth to one-half its width. It is slightly concave,
shows numerous growth lines and perpendicular striations resulting in a faint
cross-hatching, and may be distorted. A distinctive feature is that the cardinal
margin is recurved and erect so that a groove lies between it and the area
proper. This may not be very evident in casts. A narrow, highly arched
psendodeltidium extends about half the distance to the cardinal margin, leaving
a triangular-shaped delthyrium filled by an extension of the hinge of the
brachial valve. The pseudodeltidium is lamellose, rarely slightly twisted, and
if the preservation is good, it may show fine spine-bases. The valve is orna-
mented with elongated spine-bases of medium size and occasional fine growth
wrinkles. The spines where preserved are ratlier erect. Spine-bases are present
on all parts of the shell except the tip of the umbo. The arrangement might
be termed subquincuncial, although the elongation of the spine-bases is radial.
There are 20 to 25 spine-bases over a square centimetre on the median part of
the valve.

The brachial valve is flat or slightly concave, the ornamentation being the
same as that of the opposite valve except that the spines seem to be finer.

The thin median septum crosses the valve almost to the anterior margin,
arising just anterior to the hinge-line. It does not contribute directly to the
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cardinal proeess. Two thin ridges arise on either side of it, a few millimetres
from the hinge-line. These inecrease sharply in height with a deep sulcus
between, and at the hinge-line curve through almost a right angle in a ventral
direction, for about 4 mm. in fully mature specimens. Just before the ventral
extremity these two thin apophyses unite to give a spike-like bilobed cardinal
process tending to tri-lobation. This orientation of the cardinal process, at a
large angle to the brachial valve in a ventral direction, is characteristic of
Aulosteges. For the size of the shell this ecardinal process is rather delicate.

The true nature of the muscle scars and the brachial ridges has not been
observed.

Variation within the Species: Certain characters of this species vary. Thus
the height, and hence the size of the area, ranges from one-third to half the
width. The umbo may be incurved to varying degrees so that the tip may
project just above the plane of the brachial valve or be several millimetres
below it. The amount of distortion of the shell varies, although all specimens
show some deformation. Most specimens show growth wrinkles, but they may
be almost entirely absent. The recurvature of the cardinal margin is less
obvious in some specimens than others; this is partieularly so with casts.

Comparison with other Species: Although some specimens of other local
species show the recurvature of the area to a slight degree, in none of them
is it so prominent and so sharply recurved as in A. spinosus. In other respects,
however, specimens of A. spinosus may resemble the immature forms of
Taentothaerus miniliensis sp. nov. and 7. irwinensis sp. nov.

There does not seem to be any foreign species with which close comparison
might be made.

Remarks: The species was first deseribed by Hosking (1931) on the existence
of a single specimen, but the advent of new material has necessitated additions
to the original deseription. These additions, mainly of the internals, have been
based on specimens other than the holotype, an immature specimen, which does
not show very much of the internal features. It is considered fairly certain,
however, that these specimens are of the same species, as they have the same
characteristics and, moreover, come from the same stratigraphical level as the
holotype—the Fossil Cliff Formation.

Material: About twelve specimens, including limonitic casts revealing
internal features.

AULOSTEGES sp. ind. A.
PL 5, figs. 19-21.

Material: U.W.A. 281144, nine chains west of red sandstone Calceolispongia
horizon, south-west of Wandagee Hill, Minilya River area, Carnarvon Basin.
Coolkilya Greywacke, above Nalbia member, or possibly Baker Formation.
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Description: General shape and size similar to immature 4. spinosus
Hosking, but the longitudinal curvature is more even, the greatest convexity
lying over the middle half. Umbo wide but not deep, sharply terminated, not
incurved, distorted, the tip lying about one millimetre below the plane of the
brachial valve. The area is large, roughly triangular, distorted, persisting over
the width of the hinge. It is a little undulating and is marked with lines of
growth and vertical striations giving a cross-hatched appearance. Because of
distortion, the area is developed to only one-half the extent on the left-hand side
of the pseudodeltidium that it is on the right. The height is one-quarter the
width. The pseudodeltidium is a rounded ridge, straight, annulated, persisting
from the tip of the umbo almost to the hinge, the resultant small gap filled by a
triangular extension of the brachial valve. The hinge-line is bent at this
extension, being straight on either side of it, the angle formed by the two sections
being very obtuse. The median sinus, as with 4. spinosus, is hardly noticeable
behind the anterior third of the valve. Ears are not developed.

The ornamentation on the pedicle valve is similar to that of A. spinosus, the
spines being, if anything, coarser over the anterior and antevo-lateral margins.

The brachial valve has an irregular subquadrangular outline. It is flat,
except over the mid-posterior region, where it is very slightly convex. The
anterior margin is a little upturned, where it is indented by the median sinus
of the pedicle valve. The ormamentation consists of pits corresponding to the
spine-bases of the pedicle valve, with interspersed very fine reclined spines.
Faint growth wrinkles are present on both valves.

Internal features are unknown.

Remarks: This form closely resembles A. spinosus, but differs from it in
being without any trace of the recurved cardinal margin. The area is also much
distorted and the hinge-line is not straight, features not usually characteristic
of A. spinosus. Without a greater range of material is it impossible to put aside
the possibility that this form may be a young individual of, for example,
A. reclinis, or A. ingens. Again, more material may extend the range of varia-
tion of A. spinosus to include the differing degree of development of those
features mentioned above. For these reasons it is preferable to withhold a new
name for the present.

Genus Dicryocrosrus Mulr-Wood.

1930—Muir-Wood, dnn. Mag. nat. Hist. (10), 5, p. 10.

Type species (Original designation) : Anomites semareticulatus Martin
(pars.). PeTriracra DErBIENSA, 1809, p. 7, pl. 32, figs. 1, 2; pl. 33, fig. 4.
- Definition: Productids with elongate or quadrate outline, with the hinge

the widest part of the shell. Pedicle valve usually strongly convex or geniculate ;
flanks often” steep and wall-like; median sinus present more often than not.
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Bars well developed, frequently demarcated from rest of valve. Much of
visceral dise with semireticulate ornamentation often with spines. Trail costate;
costae may bear spines; rows of spines on ears and along the cardinal margin.
Diaphragm not developed. Ginglymus may be present.

Brachial valve concave or geniculate, with marginal ridges extending along
the hinge. Hinge teeth and sockets absent. Ornamentation corresponding to
that of pedicle valve, pits replacing spines.

Cardinal process trilobed, the lateral lobes usually well separated from the
median lobe; lobation commencing immediately posterior to the hinge; extending
more or less in the plane of the brachial valve. Adductor muscle impressions
dendritie, separated by median septum. In the pedicle valve adduetor impres-
sions often more elongated than in brachial valve, and raised. Linearly striate
diductor muscle impressions. :

Remarks: The above definition includes in essentials the diagnosis of Muir-
Wood, the emendment by Prendergast (1943) to include the possible presence
of a ginglymus, and some further emendments by Miloradovitch (1945) and
Sarycheva (1949). The essential internal features, noted above, are rather
characteristic. This is true particularly of the cardinal process, which, in nearly
every species of which this feature has been described, is essentially similar.
The base of the process is formed by the conjunction of the median septum and
the marginal ridges, and from the platform so resulting the process projects
posteriorly as three distinet lobes, most often the laterals being almost at right
angles to the central one. The dorsal surface is buttressed at the base by a

slight projection of the cardinal margin (see Sutton and Summerson, 1943,
pl. 54, figs. 2-8).

The ginglymus which Prendergast would include in the diagnosis is “a
groove along the cardinal margin of the pedicle valve into which fits the narrow
margin of the brachial valve, hence greatly increasing the efficiency of the
articulation of the valves” (Prendergast, 1943, p. 4). The ginglymus is notched
to give a “delthyrium ” into which the cardinal process fits. As Prendergast
further remarks, the ginglymus can only be seen if the two valves are displaced.

Since Muir-Wood’s work on the constitution of the genus Productus (Muir-
Wood, 1930) and her divoreing from the genus of thie bulk of the semireticulate
forms, the use of the name Dictyoclostus for these forms has become well-nigh
universal. The eorrectness of the procedure she adopted seems quite apparent
from her own article and has been further validated by Sutton (1938).

Antiquatonie Miloradoviteh 1945 (with type-species Productus antiguatus
Sowerby) is very similar to Dictyoclostus. It is distinguished primarily by
especially demarcated ears—separated from the flanks by a ridge which bears
a single row of large spines—and although recorded over widely separated
regions does not seem to me to warrant more than subgenerie status. Two
West Australian species can be tentatively assigned to Antiquatonia.
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DrcryocLostus (?ANTIQUATONIA) CALLYTHARRENSIS Prendergast.
PL 6, figs. 3-14.
1903—Productus semireticulatus Martin: Bthevidge fil, Bull. geol. Surv.
W. Aust., 10, 18, pl. 2, figs. 3-5.
1907—Productus semireticulatus Martin; Etheridge fil., Ibid., 27, 29.
1910—Productus semireticulatus Martin; Glauert, Bull. geol. Surv. W. Aust.,

36, 87.

1924—Productus semireticulotus Martin; Chapman, Ann. Rep. geol. Surv.
W. Aust., 36.

1931—Productus semireticulatus Martin; Hosking, J. Roy. Soc. W. Aust.,
217, 8, 22,

1943—Drctyoclostus callytharrensis Prendevgast, J. Roy. Soc. W. Aust., 28,
13-16, pl. 1, figs. 1-7, pl. 2, fig. 1.

Lectotype (chosen here from author’s syntypes G.S.W.A. 1/4967 (b)) :
specimen figured Prendergast (1943), pl. 1, fig. 8; 4 mile west of Callytharra
Springs, Wooramel River District, Carnarvon Basin. Callytharra Formation.
Figured herein pl. 6, figs. 9, 10. '

Paratypes: G.S5.W.A. 1/4967 (a) ; same locality and formation as syntypes.

Homeotypes: UW.A. 2945a, b, ¢; 1.4 miles south of gate in fourth fence
on road from Merlinleigh to Moogoorie Stations, Callytharra area, Minilya
River District. Callytharra Formation. TU.W.A. 12410a, b, c¢; Fossil CIliff,
Irwin River area, near Mingenew. Fossil Cliff Formation.

Diagnosis:  Dictyoclostus-species with large reflected ears offset from
flanks. Semireticulation extending over two-thirds of visceral disec with fine
spines. Less numerous coarse spines irregularly distributed over rest of surface.
Closely resembles species of the Indian D. spiralis-costatus group of Waagen,
but is distinguished from these by its finer ornamentation and lesser tendency
for convergence of costae on trial.

Description: The size of the type specimens is as follows :—

— Lectotype. Paratypes.
Length of hinge .. .. 59 59 44 66
Width . .. .. 59 59 48 66
Length .. .. .. 40 42 41 ..
Curvilinear length .. .. 70 71 71
Height .. .. .. .. 18

The outline is semicircular with the hinge-line the greatest width of the
shell. Longitudinally, the pedicle valve is curved through 270 degrees, fairly
evenly so, but flattened over the median portion and the trail. The transverse
curve is a high arch, steep-sided, but not vertical, with a median depression.
The median sinus arises over the unbonal region; is broad and shallow over the
visceral dise; but thence becomes shallow, almost disappearing on the trail,
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leaving the margin entire or only slightly indented. The ears are often not
preserved but if present they are large and reflexed, separated from the body
of the shell by a fold bearing a row of spines (3-4) of large size. A second row
of large spines runs along the hinge-line.

The semireticulation is regular, costae and rugae equally prominent, eovering
at least two-thirds of the visceral disc. Over the semireticulate area the costae
increase by division and intercalation; no increase takes place on the trail,
and the costae become less and less prominent. The rugae become wider spaced
anteriorly.

The spines over the semireticulate area, except the large ones mentioned
above, are small, subereet, widely separated, arranged subquincuncially, each
spine arising from a node at the intersection of a ruga and costa. Every fourth
to sixth ruga bears spines, these being separated by eight or more costae; some
irregularity is caused by the increase in costae. The larger spines on the trail
seem to be quite irregular. Below each is a fold varying in intensity, which
replaces two or three costae above each spine, this folding being independent of
the costae, although two or more can just be discerned on each fold.

The unbonal region is broad and swollen, but the umbo is rather small,
pointed, barely overhanging the hinge-line. The umbonal angle is approximately
90 degrees, and the umbonal ridges are low and rounded.

The brachial valve is flattened, slightly concave over the visceral cavity
with a slight median swelling, and rather strongly geniculated. The ornamen-
tation is similar to that of the pedicle valve, but the spines are replaced by pits
which are not placed opposite the spines but slightly anterior to them. This
is particularly noticeable in the row of pits correspondlng to the spines
demarcating the ears.

In the pedicle valve the dendritic adductor muscle impressions are barely
separated, raised, narrower than in the brachial valve, and elongated postero-
anteriorly. The linear-striated diduetor impressions form a broad band, running
eross-wise across the valve almost to the margins either side of the adductors.

The muscle impressions oceupy areas in the posterior third of the valve. The
anterior half of the valve is covered with minute pits.

In the brachial valve the adductor impressions are dendritic, set on a
slightly raised platform oval in shape, bisected by the median septum and set
close to the hinge-line. Brachial impressions arise from the anterior edge of
this platform, a short distance from the septum. They run subparallel to the
hinge-line, almost to the edge of the visceral dise, then curve smoothly forward
parallel to the margin for about 10-15 mm., and then curve sharply and ter-
minate. forming a pronounced hook.

The median septum persists over two-thirds of the length of the valve.
Posteriorly it is broad and flattish, becoming thinuer and less elevated anteriorly.
A pair of strong marginal ridges run parallel but anterior to the hinge-line. At
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the junction of these and the septum there is a massive truncated-triangular
‘platform, the apex bearing the lobate cardinal process, and projecting a short
distance behind the hinge in the plane of the valve. The lobation is not marked ;
the ventral aspect is massively trilobed, the lobes being large, the laterals each
separated from the central lobe by a broad, shallow suleus. The dorsal surface
is more distinctly trilobed and shows the growth lamellac. The areas either
side of the muscle impressions are covered with fine pits. The anterior half
of the valve reflects the surface semireticulation.

Variation within the Species: Specimens of this species vary in the depth
of the suleus between the visceral disc and the ears. If the suleus is shallow
the semireticulation extends over the ears and the auricular spines are smaller
than when the sulcus is deep.

The extent of the semireticulation along the curvilinear length of the
shell also varies, rugac being developed only before there is a change in the
direction of growth, even if this does not amount to a geniculation.

The steepness of the flanks is not constant. In most of the specimens the
fanks, as seen in the transverse curve, arise at about 60 degrees to the plane
of the brachial valve, but in others the flanks are more wall-like though never
vertical. The median sinus in some specimens persists so that the anterior
margin is quite indented. The costae may converge slightly into the median
septum; in the extreme case, two costae are lost by such convergence.

Comparison with other Species: Although specimens of this species have
previously been assigned to Productus (i.e. Dictyoclostus) semareticulatus
Martin, the only really diagnostic feature they have in common with it is the
nresence of semireticulate ornamentation.

This species Is probably identical with the Timor species Productus semi-
retienlatus Martin as figured by Broili (1916, pl. 116, figs. 14-16), differing
only in the lesser development of the ears. It has much in common with forms
from India and China. Of the Chinese specimens it is probably closest 1o
P. taiyuanfuensis Grabau as figursd by Chao (1927, p. 30, pl. 1, fig. 10, pl. 2,
figs. 1-12, pl. 8, fig. 16). The costation of the Chinese form is, howev'er, coaréer,
the larger spines more numerous, particularly along the inner edge of the ears,
where they are almost touching. It is also more enrolled and swollen.

D. callytharrensis has many features in common with forms of the
'D. spiralis-D. subcostatus group of Waagen, 1884. As Reed (1931) has sug-
gested, it seems likely that this whole group, D. spiralis, indicus, vishnu, aratus,
“and subcostatus, may actually be one species. In general the Western Australian
specimens may be distinguished from the Indian group by the more prevailing
tendency in the Indian species for the costae to converge and disappear in the
sinus, and by the coarser ornamentation.

Material: About thirty specimens showing external and internal features,
-variously preserved.
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DictyocrLostus ( ZANTIQUATONIA) MAGNUS Sp. NOV. .

PL 7, figs. 1-6. Co o

1943— Dictyoclostus spiralis (Waagen) ; Prendergast, J. Roy. Soc. W. Aust., 28,

18-19, pl. 2, figs. 8§, 9.

Holotype: Aust. Mus. F.36514;, Wyndham Gap, Carnarvon Basin, Cally-
tharra Formation, ‘ ,

Paratypes: U W.A. 32022, 32023 ; just south of Trig. Station K52 halfway

along road between Middalya and Williambury Stations, Carnarvon Basin.

Callytharra Formation. U.W.A. 32021; 4 miles south-south-east of junection

of south branch and main Minilya River, Williambury Station, Carnarvon Basin.
Callytharra Formation.

Diagnosis: Dictyoclostus-species of large size, in which reticulation extends
over less than one-third of curvilinear length. Characterized particularly by
the spiral ornamentation on the ears. and by grouping of costae in fasciculi on
folds of trail. Differs from D. spiralis (Waagen) by the greater fineness of these
costae, and by Jarger number of large spines on trail.

Description: The following dimensions give an approximation of the size
of specimens of this species. Only one individual provided all dimensions.

Holotype. Paratypes.

F36514. 32023. 32022.° 32021.
Length of hinge-line .. .. 88 84 70 60
Length .. . .. 49 49 51 45
Curvilinzar lengt . .. 130 125 129 123
Height .. . . 28

Members of this species are the largest of any in the Dictyoclostus group
yet found in Western Australia. The pedicle valve is very convex, narrow, with
a large, highly arched umbonal region. The umbo is small, barely overhanging
the hinge-line. The transverse curve of the valve is a high narrow arch, with
almost vertical sides and a fairly pronounced median depression. The umbonal
angle is about 90 degrees, sometimes less. The valve is most convex in the
nosterior third, thence gradually flattening out. A pronounced sinus arises
at about the middle of the visceral dise and continues uninterrupted to the
anterior margin,

The ears are of moderate size, reflexed, almost enrolled, each separated from
ihe steep lateral sides by a faint sinus and a weakly developed fold bearing two
or three large spines. Four or five large spines are present along the hinge.
Ears are ornamented by rugae and costae, the latter spirally arranged.

The semireticulation is strong and neat, eovering less than a third of the
curvilinear length, the costae being somewhat more prominent than the rugae.
The costae continue almost to the tip of the beak. They inerease in number
both by bifurcation and interealation, but rarely so on the visceral dise; no
inerease takes place on the trail. Anterior to the visceral dise they are grouped
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into fascieuli on elevated folds which arise in front of large spines. The folds
are not greatly elevated. Over the median part of the valve the costae converge
towards, and sometimes disappear in, the median sinus. Some few small erect
spines are scattered irregularly over the reticulated portion, each arising at a
node, the intersection of a ruga and costa. TLarge spines are present over the
anterior two-thirds of the valve, particularly on the trail. They range in number
from ten to twenty, and have no regular arrangement.

The brachial valve is strongly but evenly geniculate. It possesses a
pronounced median fold which becomes stronger anteriorly.

The ornamentation is that of the pedicle valve, except for the absence of
spines and a rather greater area”of reticulation. Pits ocenr more or less
opposite to the spines on the pedicle valve.

Only one specimen showed the cardinal process. This was essentially the
same as that described for D. callytharremsis but was a little more blunt and
massive, in keeping with the greater size of D. magnus. Other internal features
were not seen.

Variation within the Species: The number of specimens available is
insufficient to give the probable limits of variation, but the following features
show some variability. The depth of the median sinus of the ventral valve is
mostly very pronounced, but in a few specimens it is broad and shallow. This
may be due to distortion. The number of large spines on the trail varies—
generally they number between 10 and 20. Finally, the development of folds
following the large spines on the trail, which bear two or three closely spaced
costae, is rather irregular, the folds being more apparent on some individuals
than on others.

Comparison with other Species: This species has features in common with
D. callytharrensis Prendergast, D. wadet Prendergast (revised), and the
spiralis-subcostatus group of Waagen (1894) belonging to the same genus. It
may be distinguished from the first of these by its larger size, and much more
highly arched umbonal region. There is also more marked convergence of the
costae towards the median sinus. It differs from D. wade: in the nature and
arrangement of the costae and in the consistently larger size. The extent of
reticulation on the pedicle valve is also less. The spiral ornamentation of the
ears also distinguishes it from both these species.

The nearest of the Indian species are “ Productus” ndicus and
“ Productus > spiralis, both Waagen’s species. The local species differs mainly
from the former in its smaller ears, the fineness of the costation and the posses-
sion of a prominent median fold in the brachial valve. From the latter it differs
in those points mentioned in the diagnosis.

In addition, “ Productus™ inflatus Tschernyschew, as figured by Chao
(1927, pp. 36-40, pl. 2, fig. 13; pl. 3, figs. 1-5), bears superficial resemblance to
D. magnus. The Chinese form, however, is very much smaller and shows coarser
ornamentation; the hinge-line is shorter and the spiral ornamentation of the
ears less marked. '
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Dicryocrostus wabsl Prendergast revised.
Pl 7, figs. 7-10.
. 1943—Dictyoclostus callytharrensis var. wadei Prendergast, J. Roy. Soc.
W. Aust., 28, 16-17, pl. 2, figs. 2-4.
Holotype: UW.A. 20453, ferruginous limestone, two miles east, 10 degrees
south of Mount Nicholson, West Kimberley District. Noonkanbah Formation,
lower half.

Other Specimens: UW.A. 286964, b, ¢, just south of Trig. Station 243, West
Kimberley District. Noonkanbah Formation, or base of Liveringa Formation.
U.W.A. 2746, Christmas Creek, West Kimberley District.  Probably
Noonkanbah Formation.

Diagnosis: Medium-sized Dictyoclostus-species, with reticulate ornamenta-
tion or posterior third of shell, the rugac beine more prominent than the costae,
but latter very large on trail, bearing large spines. TLarge spines on ears and
on flanks bordering ears. Costae absent from ears.

Description: The largest complete specimen available (the holotype) is
64 mm. wide across the hinge, with a length of 54 mm. and a curvilinear length
of 115 mm. The semireticulate ornamentation occupies about one-third of the
posterior part of the pedicle valve, almost corresponding with the visceral
dise. It is extremely strong, the rugae being very upstanding in comparison
with the costae. This ornamentation does not extend to the ears, which are
ornamented with rugae only. The ears are reflexed but continuous with the
anterior margin of the shell. Two large spines and at least two smaller ones
are on the ears, and three large spines, widely spaced, on the flanks just above
the angle separating the ears, but not placed on either a pronounced ridge or
sinus. These spines are difficult to find on decorticated specimens. The
trail is ornamented by large regular costae, varying somewhat in width, bearing
large spine-bases which show no regular distribution. The costae are often
broader and less pronounced on the antero-lateral flanks. The umbo is swollen
and highly arched. The beak just overhangs the hinge-line. No ginglymus
was observed.

The brachial valve is strongly, but not abruptly, genicﬁlated. The visceral
dise is almost flat but with a fairly strong median fold in the anterior half.
Its surface is ornamented similarly to the pedicle valve except that scattered
pits correspond to the spines. The semireticulation is also very marked.

Internal features of the pedicle valve were not seen. Those of the brachial
valve are similar to those of D. callytharrensis Prendergast except that the
dendritic adductor musecle impressions are set closer to the hinge-line. The
cardinal process shows a lesser tendency to lobation and instead is rounded,
cap-like, the posterior extremity more or less rounded and set off by a slight
depression.

Variation within the Species: Although only a few specimens are available,
the following features show some variation. The costae on the trail vary some-
what in size. They are, however, always much larger than those of D. cally-
tharrensts. In younger specimens they are generally smaller than in mature

59



speeimens but are more pronounced. The degree to which they converge
towards the sinus is also variable ‘but is slight; less than in D. callytharrensis,
no costae being lost in this way.

Comparison with other Species: This species differs from D. callytharrensis
firstly in the much greater convexity of the ventral valve, the highly arched
umbonal area, and the much greater steepness of the flanks; secondly in the
constant presence of a well-marked sinus in the ventral valve resulting.in an
indented anterior margin; thirdly in the coarser nature of the costae, which
are not formed, as they occasionally are in D. callytharrensis, by the coalescence
of two or more costae; finally in the more pronounced semireticulation, and the
shape of the ears—in D. wadei they are continuous with the lateral margin,
but in D. callytharrensis they are distinet and join the lateral margin about
half way down. the flanks.

-Of species from other countries D. indicus (Waagen) and D. subcostatus
(Waagen) from the Salt Range approach the loeal species most closely. - It is
distinguished from the former speciec by the greater steepmess.of the flanks,
more accentuated rugae, the ornamentation of the ears (ornamented with rugae
only) and the absence of the more prominent costae dividing the ears from the
rest of the shell, which is characteristic of D. indicus.

Similarly most of these distinguishing points serve to diseriminate between
the Western Australian species and D. subcostatus. In addition, the Indian
specles is much more transverse in shape.

Remarks: Prendergast described this species as a new variety, wades, of
D. collytharrensis, but considered that it possibly constituted a new species.
With additional material to hand, it seems certain that it is a new and distinet
species—indeed it resembles the Indian species Dictyoclostus indicus (Waagen)
and D. subcostatus (Waagen) more closely than it does D. callytharrensis
Prendergast. The specific name was proposed as a variety name of D. cally-
tharrensis by Prendergast in 1943. It honours Dr. A. Wade, one of the
pioneers of Western Australian geology in the West Kimberley District.

Material: Twelve specimens, six of which are poorly preserved.

Genus Krorovia Fredericks, emend.
1928—Fredericks, Trans. geol.-prosp. Serv. U.S.8.R., 46, 790.

Type Species: Productus spinulosus J. Sowerby, 1814,  MINERAL CON-
CHOLOGY OF GREAT BRITAIN, 1, pl. 68, fig. 3.

Diagnosis: Thin-shelled productid, usually small, sometimes geniculate,
with thin visceral cavity. Median sinus absent or but slightly developed.
Ornamentation of fine to medium-sized spines, numerous, covering whole shell
surface, in irregularly quincuncial arrangement, sometimes regularly quin-
cuneial. Weak growth wrinkles may oceur. - Some spine-bases weakly elongated
anteriorly. =
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In brachial valve, adductor musele impressions non-dendritic, platform-like,
close to hinge, separated anteriorly by suleus and short median septum.
Cardinal process short, peg-like, bilchate, lobes barely separated; reminiseent
of process of Margimifera. Much of internal surface finely papillate.

Internal features of pedicle valve unknown.

Remarks: The diagnosis has been emended to embrace important internal
Features shown by local representatives of the type species. The specific identity
with the type species of these local specimens is considered certain. Two other
local species of this genus also show essentially the same internal features.

Species of Krotovia may show weak incipient costae over the anterior
parts of the shell in some specimens, owing usually to the elongation of the
spine bases. Mainly because of this, it has been suggested that Krotovia
overlaps with Avonia (Paeckelmann, 1931, p. 77; Prendergast, 1943, p. 30).
If the presence or absence of radiating costae is taken as the criterion of distine-
tion between the two genera, very few speciez are involved in this overlap. By
and large, the absence of costae is a sure indication of Krotovie, their presence
an indication of Awomie. This distinetion is sufficiently constant and can be
applied to so many species which, collectively, range over a wide stratigraphic
interval, that it does not seem necessary to regard Krotovie as a subgenus of
Awonia as has been done by Paecklemann (1931).

Krorovia micracaNTHA (Hosking).
Pl 7, figs. 16-18; pL 9, figs. 20, 21.
1933—Pustula micracanthe Hosking, J. Roy. Soc. W. Aust., 19, 49-50, pl. 4,

figs. 4a, b.
1943 Krotovia micracontha (Iosking) ; Prendergast, J. Roy. Soc. W. Aust.,
28, 30.

Lectotype (chosen here from author’s syntypes, G.S.W.A. 1/4970(b)):
Hosking (1933) pl. 4, figs. 4a, b; creek 4 mile west of Callytharra Springs,
Wooramel River, Carnarvon Basin. Callytharra Formation.

Diagnosis: Small Krotovia-species with pedicle valve of low convexity,
wider than long. Ornamentation includes faint concentric folds over ears and
posterior portion. Irom dorsal aspect ears set off as distinet platforms.
Distinguished from K. spinulose (Sowerby) and species similar to this by lesser
convexity of pedicle valve, wider outline and more numerous spines.

Description: Dimensions of the syntypes are as foliows. No accurate
estimate of the height can be given.

_— 1. 2
Length of hinge .. .. .. .. .. 12.5 14
Width .. .. - .. .. .. 17 17
Length .. .. .. .. o .. 14 13.5
Curvilinear length . . .. .. . 25 23
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The shell is small, thin-shelled, broader than long, with an outline oval
to subguadrangular, the hinge being almost equal to the greatest width, which
oceurs across the middle. The pedicle valve is only moderately convex, fairly
evenly so except at the anterior margin, which is subgeniculate. Transversely
the convexity is also even over the median portion, tending to be steeper on the
Jateral slopes. No median sinus. The umbo is small, pointed, and only a little
ineurved, not overhanging the hinge. The alar extremities are not marked off
on the pedicle valve, but on the brachial valve are more obvious, forming a
distinct platform. The alar angles are just a little more than right angles.

Over the visceral part the brachial valve is concave, but less than appears
to be so in the specimens, owing to flattening during preservation. The visceral
cavity is thin, of the Producti typici B type. The valve is flattened over the
alar extremities, the lateral edge of the platform being slightly upturned.
Externally this valve is not geniculate. There is no area on either valve.

The ornamentation consists of spines, faint growth wrinkles, and concentric
folds over the ears and extreme posterior part of the shell. On the pedicle
valve the spines are numerous, fine, arranged in fairly regular quincunces. For
the most part they are suberect, but along the cardinal margin and on the ears
they are more reclined. In a space five by five millimetres over the middle of
the visceral dise there are about 20 spines. On the ears and over the umbo
there are about eight rows of concentric folds. They are not at all prominent
and do not persist over the middle and anterior parts of the valve. The orna-
mentation on the brachial valve 1s the same as that on the pedicle valve.

Internally, the brachial valve has a short prominent median septum
extending less than half-way to the anterior margin, ending as a high projecting
ridge. Posteriorly it merges into a platform on which rests the short boss-like
simply bilobed cardinal process. Lobes are short and markedly diverging at
90 degrees. A strong marginal ridge arises immediately anterior to the lobation,
about one millimetre behind the edge of the hinge. Each ridge goes off laterally
at 20 degrees, demarcating the ears, swings parallel to the-lateral margin and
very close to it, finally becoming less prominent and linking with its companion
at the anterior. Its lesser prominence is due to its partial replacement by
anteriorly directed spikey pustules. This marginal structure gives an appear-
ance of internal geniculation. Adductor muscle impressions are smooth, non-
dendritic, situated immediately either side of the median septum just in front
of the platform of the cardinal process and level with it. Each impression
is divided into a smaller posterior portion, oval-shaped antero-laterally, and a
larger more elongated anterior portion. The anterior edge of each, at the
median septum, is very raised, laterally becoming part of the flattened general
surface of the valve (the visceral dise). Brachial impressions are hook-shaped,
not very large, arising at the antero-lateral edge of the anterior portion of each
muscle impression, that is, tending to be strophalosiinid. Internal features of
pedicle valve are unknown.

Variation in the Species: The small number of specimens gives no idea
of the variation in the species.
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Comparison with other Species: This species appears to resemble most
closely another local species, K. senticosa. On the available specimens K. mecra-
comtha may be distinguished from K. senticosa by the presence of ears forming
a promiunent platform on the brachial valve, and by the less prominent umbo
not marked off from the lateral slopes.

It differs from the type species K. spinulosa (Sowerby) in its outline, less
crowded spines and less swollen umbonal region.

Remarks: This species was originally deseribed on the basis of three
specimens. Only a few other specimens have since been found. The above
description includes detalls of internal features mot part of Hosking’s original
description. It also differs in minor detail. Thus the pedicle valve is described
as subgeniculate rather than as having a “ well-marked geniculation ”-—Hosk-
ing’s phrase. The geniculation is actually slight but has been unduly emphasized
by preservation. Again, Hosking did not note the absence of any cardinal area,
important in this species, as the shape and ornamentation is very similar to
some of the local Strophalosia-species. 1 follow Prendergast in referring the
species to l{rotovig rather than Pustula.

Krorovia sexTicosa (Hosking).
Pl. 7, figs. 11-15.
1933—Pustula senticosa Hosking, J. Boy. Soc. W. Aust., 19, 47-49, pl. 3, figs. 2-3.
1943—Kroiovia senticosa (Hosking) ; Prendergast, J. Roy. Soc. W. Aust., 28, 30.
Lectotype (chosen here from original author’s syntypes G.S.W.A.

1/4970 (a)) : Hosking (1933b), pl. 3, figs. 2a, b; creek 3 mile west of Callytharra
Springs, Wooramel river, Carnarvon Basin. Callytharra Formation.

Diagnosis: Krotovia-species of broad oval outline, characterised in parti-
cular by its attenuated, pointed and incurved umbo, its breadth and compara-
tively shallow pedicle valve. Differs from K. spinulose (Sowerby) and K.
macracantha (Hosking) as outlined in the diagnosis of the latter species.

Description: The dimensions of the three types are—

— 1 2. 3
Length of hinge-line .. A .. 24 18.5 17
Width .. .. .. . 31 27 23
Length . » - . 23.5 21.5 17
Curvilinear length (approx.) .. .. 31 30 25
Height .. . .

The shell is of medium size, thin-shelled, oval to subquadrate in outline,
broader than long, the hinge-line four-fifths the greatest width, which occurs
across the middle. The pedicle valve is of shallow to moderate convexity, the
exact degree difficult to judge owing to flattening of all specimens available,

63



It-is most-convex in the umbonal :region, tending . to. flatten out anteriorly.
Transversely it is of the same order of convexity but evenly so. There is no
niedian sinus. The umbo is pointed and incurved, not swollen and, near the
tip, is sharply -delimited. from- the umbonal slopes. The umbonal angle is less
than a right angle. . There are no true ears, the alar extremities being somewhat
flattened but not markedly differentiated from the rest of the valve. The alar
angles are obtuse.

The conecavity of the brachial valve is diffieult to determine because of
flattening, but almost certainly is less than appears in the specimens. It is at
least of moderate concavity, tending to follow the pedicle valve, giving a visceral
cavity of the Products typice B type. There is no area on either valve.

The ornamentation consists of spines and faint growth lines. On the pedicle
valve the spines are fine, erect or suberect, arranged in approximate guincunces.
Over the middle portion there are about forty-five to the square centimetre.
The alar extremities are free of spines. The growth lines are best observed
on the alar extremities but even here are quite faint. There is no other con-
centric ornamentation. The ornamentation on the brachial valve corresponds
to that of the pedicle valve, the spines being perhaps less numerous, up to forty
in a square centimetre. )

The internal features in the pedicle valve are unknown. In the brachial
valve they are but poorly exposed, and then in only one specimen. From this
specimen Hosking, in her original description, described the following
internals :—* The cardinal process is short and very broad considering the small
size of the pedicle wmbo. On the ventral surface it is divided by a broad
furrow into two rounded prominences, each of which bears a cup-like depression
at the posterior end. Below the cardinal process is a fine thread-like median
septum which extends a little over a third of the length of the shell. A brachial
ridge, faintly seen, extends downwards and outwards from the base of the
cardinal process in a gently sloping curve to the level of the anterior end of
the median septum where it curves upwards again and ends at about two milli-
metres from the septum at about the middle of its length.” Re-examination
does not reveal anything which could be truly said to be a brachial ‘ridge’ or
impression. The nature of the cardinal process is essentially as deseribed by
Hosking.

Variation within the Species: The small number of specimens prohibits
any real estimate of variations in feature.

Comparison with other Species: This species may be distinguished from
K. spinulosa (Sowerby), which it resembles, by the less prominent umbonal
region, by its much larger size and broader outline. A comparison between
K. senticosa and K. micracantha has been made in the deseription of the latter
species.

Remarks: Members of this species, like K. micracantha, appear to be rare
in local Permian sediments. Since the collection of the three types, only a few
additional specimens have been found. This may, however, be due to the lack
of intensive eollecting.
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KroTovia spINULOsA (J. Sowerby).
Pl 7, figs. 19-24.

1814—Productus spinulosus J. Sowerby, MINERAL CONCHOLOGY OF GREAT
BRITAIN, 1, 155, pl. 68, fig. 3.

1860—Productus spinulosus J. Sowerby ; Davidson, Palaeontogr. Soc. Monogr.,
British Fossil Brachiopoda, 2 (5) 4, 175, pl. 34, figs. 18-21.

1914—Pustula  spinulose (J. Sowerby); Thomas, Mem. geol. Surv. UK.,
Palucont. 1, 314, pl. 18, figs. 7-9, pl. 19, figs. 7-8.

1930—HKrotovia spinulosa (Martin) sic; Muir-Wood, Ann. Mag. naet. Hist,
(10), 5, 106 (mistake in author of species).

1943—HKrotovia spinulosa (J. Sowerby) ; Prendergast, J. Roy. Soc. W. Aust.,
28, 30, pl. 4, figs. 11-13.

Holotype: Location unknown, listed as Royal Scottish Museum, Edinburgh,
Fleming Collection. Carboniferous Limestone, West Lothian, Linlithgowshire
(fide Prendergast, 1943).

Material : Includes Aust. Mus. F.37579, 1 mile west of shale outerop,
northern bank of Minilya River—probably west of Coolkilya Pool. Probably
Wandagee Formation. F.38442, F.38443, F.38446, Wandagee Station. Prob-
ably Wandagee Formation. U.W.A. 27224, 27335, north-west side of syncline,
west of Coolkilya Pool, north bank of Minilya River. Topmost part of Wan-
dagee Formation. U.W.A. 27413, north-east side of same syncline, same locality
as 27224. Base of Wandagee Formation. U.W.A. 28145, 29415, probably few
hundred yards south-east of Wandagee Hill, Mungadan Paddock, Wandagee
Station. Coolkilya Greywacke. U.W.A. 28444, 350 vards west of a place on
fence between Barrabiddy and Weer Paddocks, 2,200 yards south of gate in
fence near Barrabiddy Creek, Wandagee Station. Upper Cundlego Formation.
All the above localities are in the Carnarvon Basin.

Diagnosis: Krotovia-species with pedicle valve non-sinnate. Umbo small,
pointed, slightly overhanging hinge. Ornamentation of fine suberect spines
arranged subquincuncially. Cardinal process short, bilobate. Adduetor muscle
impressions platform-like, mnon-dendritic.  Distinguished from K. opuntie
(Waagen) by its shorter hinge-line, fewer spines.

Desciiption: The following table of dimensions is typical for specimens of
this species.

—_ .38443. I.38446. U.W.A, 27413,
Length of hing 12 12.5 14
Width .. 17 17 17
Length .. 17 15.5 14.5
Curvilinear length 27 27 23
Depth 5 5 4
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The shell is small, oval, thin, usually wider than long, the hinge less than
the greatest width, which occurs across the middle. The pedicle valve is
moderately convex, most strongly so over the initial half, non-geniculate and
non-sinuate. The transverse curve is highest over the middle, flattening towards
the margins. The visceral cavity is thin, the brachial valve moderately concave,
falling rapidly away immediately below the umbo. There are no true ears,
although on the brachial valve the alar extremities tend to be flattened. Alar
angles are rounded, a little more than a right angle. The umbo is pointed,
overhanging the hinge-line, and is not globose. The umbonal angle is a little
less than a right angle. There are no cardinal areas. The hinge-line forms a very
shallow V, the apex of the V pointing posteriorly ; each limb is str alght forming
with the other an obtuse angle of about 170 degrees.

The ornamentation on the pedicle valve consists essentially of numerous
spine-bases, 20-25 in 5 mm. square, over the middle part of the valve. They
are pustular and bear fine spines (coarse in comparison with size of the shell),
one-half millimetre in diameter at the base. They are suberect for the most
part, but are erect on the alar extremities. Spines preserved on one specimen
are up to one centimetre long and taper gradually. The arrangement is
subquincuneial,

On the brachial valve are spines similar to those of the pedicle valve but
tending to be finer in size. Growth rings are few and not prominent, seen
more readily on the brachial valve than on the pedicle valve. Preparation of
specimen F.37579 showed important internal features of the brachial valve.
The valve is thickened just in front of the middle of the hinge. The cardinal
process is peg-like, continuous with the plane of this thickened part, and projeects
only 2 mm. behind the hinge. The extremity is set off by a cincture, bilobate,
the small squat lobes barely separated. The dorsal surface could not be seen.
The mnon-dendritic adduetor muscle impressions are deltoid in shape, each
impression set off over the anterior part by a sulcus in which the median septum
arises. The anterior edge of each impression ends as a slight ledge, but laterally
merges into the general surface. The median septum is slight, highest
posteriorly, dying out about half-way over the visceral disec. The remaining
surface is finely papillated. Brachial impressions could not be traced.

Variation wn the Species: This species is very stable in its features. The
only noteworthy variation seems to be in the number of spines. Even this is
within narrow limits, as can be seen from the estimate given above.

Comparison with other Species: K. opuntic (Waagen) from the Salt Range
is the only other species to which this one might be closely compared. Waagen’s
species is, however, rather more inflated than K. spinulosa, its hinge-line much
wider and its spines more nodular and less numerous.

Remarks: The above deseription is based on the local material and is given
in detail to show how closely the description fits that of the typical European
K. spinulosa. The variation, particularly of ornamentation, is not as great as
in the Buropean forms. Thus there are no counterparts showing the coarser,
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more nodular spine bases typified by “ Producte granulose” Phillips (sec
Davidson, 1861, pl. 34, figs. 20, 21) which is considered couspecific with
K. spinulosa.

I have no doubt on the identity of this specics, the type species of Krotovia.
Ior this reason the description of certain important internal features, hitherto
unknown, is inserted in the diagnosis of the genus.

Materigl: Twenty specimens, for the most part well preserved, one pre-
pared to show the internal features of the brachial valve.

KroTovIA sp. ind. A,
Pl 9, figs. 22, 23.

Material: One specimen, C.P.C. 1952, Pell’s Range, 143 miles north-east
of Towrana Homestead, army map co-ordinates 336,500 east-1,853,200 north,
Carnarvon Basin. 118 feet above base of Caliytharra Formation.

Description: The single specimen available shows the presence of a fourth
species of Krotovia in the West Australian Permian. It is quite distinet from
the other three described. In shape and size the specimen resembles local
representatives of K. spinulose (Sowerby), but is distinguished, as it is from
the other two species, by the possession of more numerous and finer spines.
Moreover, these spines, particularly in the brachial valve and the anterior
parts of the pedicle valve, tend to be concentrically arranged. The brachial
valve shows many fine concentric lines of growth. Dimensions are: width of
hinge, 12.5 mm.; width, 17 mm.; length, 14.5 mm.; curvilinear length, 22 mm.
Internal features unknown.

More and better preserved specimens will certainly show this to be a quite
distinet species and permit more aceurate comparison or identification with
species from other areas.

. Genus Linopropucrus Chao.

1927—Chao, Palaeont. sinica, ser.B, 5 (2), 128,

1928—Chao, Ibid., 5 (3), 63.

1981—Paeckelmann, Abh.preuss.geol.Landesanst., N.F., 136, 75, 206.

Type Species: Productus core d’Orbigny, 1842, Voy. Amer. Merid., Paleont.,
3, 55, pl. 5, figs. 8-10.

Definition: Thin-shelled productinids with pedicle valve convex to varying
degrees, often strongly so; brachial valve flat or slightly concave in viseeral
portion, somctimes geniculated. Visceral cavity large and deep. Hinge-line
cqual to or less than greatest width. Ears generally small and demarcated from
rest of shell. No cardinal areas. Pedicle valve may be sinuate. Umbo usually
pointed, not greatly incurved.

Surface ornamentation of fine radiating striae, sometimes with concentric
wrinkles which are stronger o1 the brachial valve. Double row of spines along
the hinge, but spines may or may not be present over the body of the shell.
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Pedicle valve with marginal ridges weak and muscles weakly impressed.
Adductor muscle sears dendritic. Median septum present in dorsal valve.
Cardinal process prominent, possibly trilobed. ILateral ridges may be present.

Remarks: At first given subgeneric rank, Chao later raised Linoproductus
to a full genus and most subsequent authors have followed suit—with the notable
exception of Licharew (1936). He would retain it within the genus Pro-
ductus in the strict sense (mot that of Muir-Wood, 1930) embracing,
in his comprehension, not only representatives of the groups of Productus
semareticulatus and P. productus, but also Linoproductus, Thomasina, Plicatifera
and Horridonia.

Although Linoproductus has been so generally accepted, it is still not at
all clear just what species constitute it, or what combination of features define
it. This uncertain status was largely occasioned by the erection in 1928 of the
genus Cancrinelle by Fredericks, with genotype Productus cancring de Koninek
(Productus cancrini de Verneuil by original designation—de Koninck is to be
regarded as the author of this species; see Hill, 1950). Both explicitly and by
direct inference Cancrinella overlaps Lenoproductus. If it were clear that those
species referred to Cancrinelle constituted a natural group unwisely included
by Chao within his Linoproductus, this would not be so very important, but it
is not clear that this is so. It should be noted, however, that Chao (1928, p. 63)
considered that the genus was made up of three ‘sub-sections’, the second of
which, the cancrini-series, would seem to approximate to Cancrinella; but
although Chao obviously was aware of Fredericks’ Cancrinella this was the most
he would concede towards recognizing it.

Since 1928 the rejection or not of Cancrinelle has largely been a matter
of personal choice on the part of authors. Most prominently, Dunbar and
Condra (1932) consider it distinet from Lenoproductus, whereas Paeckelmann
(1931) and Licharew (1936) reject it (with other genera) as synonymous with
the latter genus. The first two authors claim as the distinguishing features the
small size, rugosity, thin shells and very thin visceral cavity of species they
assign to Cancrinella. One of these, the species cancriniformdis, to cite only one
aberrant from their stipulation, is not particularly small; the degree to which
the shell is wrinkled (rugosity) varies greatly; and the visceral cavity is not
“very thin’. In general all these distingnishing features are features of great
variation, both in individual members of species and from species to species
of those making up Linoproductus in general. On the other hand, Paeckelmann
regards Lanoproductus “ (plus Striatifera Chao emend. 1928) and Core (plus
Cancerinella) ” as synonymous, his argument being that the differences of
sculpture (the primary feature) are of degree only and not sufficient to justify
their separation.

It seems that, in the absence of more objective evidence, this question must
remain open. This being allowed, it is best to adopt a conservative approach
and hence—and not because it is thought that the name should be rejected—
the name Cancrinella is not used. '
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1LINOPRODUCTUS CANCRINIFORMIS (Tschernyschew).
PL 8, figs. 1-9.

1889 Productus cancriniformis Tschernyschew, Mém. Comm. géol. St. Petersb.,
3 (4), 373, pl. 7, figs. 32, 33.

1890--P. undatus Defrance; Foord, Geol. Mag., (7), 152, pl. 7, fig. 6.

1897—P. cancrinsformis Tschernyschew; Diener, Palaeont. indica, Himalayan
Possils, 1 (3), 25, pl. 6, figs. 6a-b, 7a-d.

1897—P. cancrimiformis Tschern.; Diener, Palaeont. indice, Himalayan Fossils,
1 (4), 31, pl. 1, figs. 7-10.

1907—P. undatus Defrance; Etheridge fil., Bull. geol. Surv. W. Aust., 27, 30.

1916—P. cancrinsformis Tschern. ; Broili, in Wanner, J., Paldont. Temor, T (12),
13, pl. 1186, fig. 6.

1918—P. bellus Eth. fil., Proc. 8. Aust. Br. R. geogr. Soc. Aust., 18, 254, pl. 39,
fig. 4-5; pl. 40, fig. 6.

1927—Linoproductus concriniformis (Tschern.) ; Chao, Palaeont. sinica, Ser.B.,
5 (2), 139, pl. 14, fig. 13.

1928—Cancrinella cancriniformis (Tschern.); Fredericks, Trans. geol.-prosp.
Serv. US.8.R., 46 (7), 791 (English Summary).

1943—Linoproductus cancriniformss (Tschern.) ; Prendergast, J. Roy. Soc. W.
Awust., 28, 23.

Specimens (in part) : Aus. Mus. F.38453-38457, Minilya River, Carnarvon
Basin. Wandagee Formation. U.W.A. 28516 (7 specimens), south of Wan-
dagee Station, Carnarvon Basin. Wandagee Formation. U.W.A. 27568, west
side of syncline south of Minilya River, Wandagee area, same general locality
and formation. TU.W.A. 27127, 27128, 27165, same locality and horizon.
U.W.A. 29248, 1 mile south of north-west corner of Calwynyardah Station,
Mount Wynne area, West Kimberley District. ILiveringa Formation. In
addition there are several hundred of C.P.C. specimens.

Diagnosis: Limoproductus-species of variable shape and convexity, with
geniculate brachial valve, and with double row of spines along the hinge-line.

Distinguished from L. undatus (Defrance) by its geniculate brachial valve.

Description: Dimensions of some typical specimens are—

— i T.38457. F.33455, U.W.A. 27127,
I
Length of hinge-line .. \ 19 24 14
Width .- - 23 27.5 20.5
Length .. .- .. .. 20.5 30 ; 20
Curvilinear length .. .. .. 35 57 30
Height L. . . . 9.5 . 7.5

The Western Australian representatives of this species are extremely
variable in their characteristics. The visceral cavity is large, the convexity
of the pedicle valve varying from low to moderate, particularly in the initial
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stages. The umbo is generally pointed, overhanging the hinge-line, but not
greatly incurved. The umbonal flanks vary from relatively steep and narrow
to broad and flat. The ears are flat, distinct, but continuous with the lateral
margin. The lateral flanks may be steep. Thus the shape varies from narrow,
highly eonvex, to broad triangular and only moderately convex. The hinge-line
may be equal to the greatest width, more so in swollen specimens.

Ornamentation on this valve consists of fine striae, 8-9 in 5 mm. at a
distance of 10 mm. from the umbo. These striae are sometimes flexuous; at
intervals they give rise to swollen, elongated, raised and erect spine-bases.

It is rarely that a single stria gives off more than one spine in its length. The
total number of spines varies, larger specimens showing up to 50-60. The
arrangement can be described as sub-regular or sub-quincuncial.

The concentric wrinkles are strongly developed on the ears and persist over
the visceral disc. They vary in size and strength, but this is probably an effect
of preservation.

Two rows of spines along the hinge-line can be seen only on the best
preserved specimens.

The brachial valve is as described in the diagnosis. It is never deeply
concave so that in comparison with the overall size the visceral cavity is large.

The internal features of this species have never been deseribed. The
‘Western Australian representatives show a median septum, thin and not greatly
elevated, extending for about one-half to two-thirds of the distance to the point
of geniculation. It widens posteriorly, becoming almost platform-like, to give
a small button-like blunt cardinal process which projects hardly at all behind
the hinge. From the ventral aspect it is bilobed, the lobation not marked, the
lobes separated by a narrow incision which does not continue over the posterior
surface. Each lobe is spooned-out by a shallow depression on the dorsal side,
leaving a raiszd portion between, so that from the posterior aspect the process
rather appears trilobed. The process does not appear to be demarcated from
the rest of the surface by a suleus. Moderately developed marginal ridges
run from the base of the cardinal process at a small angle to the hinge-line.
The ears are flat, and quite distinet from the rest of the viseeral dise, which,
from the intervior view, is arched, slightly convex. The wrinkles on the outside
of the valve are well-marked, also in the anterior. In particular the lateral
boundary of the ears is sharply defined by a wrinkle which continues around
the margin, less emphasized at the point of geniculation. On the antero-lateral
and anterior borders it bears numerous fine prickly pustules, which are also
found on the wrinkles over the trail. None of the specimens show the nature of
the brachial impressions, if any. The interior of the pedicle valve is unknown.

Variation within the Species: The Western Australian material shows a
wide range of variation in most characteristics. The main variable features
are—

(1) The degree and nature of the convexity of the pedicle valve. In this
feature the specimens fall into two extremes, and intergrading forms. In one
the valve exhibits a high degree of convexity from the first and is thence evenly
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curved. In the other the degree of convexity is much less, the convexity
increasing after the visceral disc. The variability in this respect then results
in two main groups, one swollen, the other moderately convex.

(ii) The size and proportions of the umbo. Variation in this feature
follows naturally upon that of the first. Specimens of higher convexity have
swollen umbonal regions, so that up to one-third of the visceral cavity lies
behind the hinge; those of the second group have more narrow, flatter umbonal
regions. There are intergrading forms,

(iii) The steepness of the flanks. Variation in this feature also may be
similarly correlated. Swollen, evenly convex, forms have steep flanks, more
or less parallel-disposed and wall-like; the less bulbous forms show more gently
sloping flanks. '

(iv) The outline of the shell varies from elongate oval (swollen forms with
steep flanks) to more quadrate (moderately convex with fairly low even
transverse curvature). '

Characteristics exhibiting more or less haphazard variation are the striae
(flexuous to varying degrees) ; the number of spines and their arrangement; the
angle at which they rise from the surface (in better preserved specimens the
spines rise at angles up to about 45 degrees; casts and poorer specimens show
only the flat-lying spine bases); and the relative abruptness of geniculation.

Young forms of this species are somewhat more globose than mature forms,
the wrinkling is very marked, and the hinge-line occupies the greatest width
of the shell.

Comparison with other Specics: Although the original deseription by
Tschernyschew was sketchy, examination of the relevant literature shows that
this species is extremely variable and our material seems to come within the
range of variability inferred by the original and later authors.

In 1918 Etheridge gave the name Productus bellus to a species from near
Mount Marmion, in the West Kimberley District. As Prendergast points out

(1935, p. 14) this form is actually L. cancriniformis, identical with the
specimens here described.

Remarks: As was inferred in the discussion upon the variation of this
species, it is possible that there may be two varieties (subspecies) here. The
intergrading specimens are few in mumber, nor is their comparative rarity
readily attributable to the exigencies of collecting. Both extremes of variation,
however, can be found in the same rock slab. Bearing such apparent cohabita-
tion in mind, and in the absence of any known isolating mechanism, it has
been thought preferable to designate the whole as L. cancriniformis. The
description has been a detailed one because of the uncertain status of the species
and because of the possibility that the Western Australian forms may prove
to be distinet if a revision of the species is undertaken.

Material: Several hundred specimens, manyv well preserved and including
casts showing external and internal features. '
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LinopropUCTUs CORA (d’Orbigny).

1842 Productus cora d’Orbigny, Voy. Amer. Merid., Paléont., 3, 55, pl. 3,
figs. 8-10.

1914—Productus cora d’Orbigny ; Kozlowski, Ann. Paléont., 9, 48, pl. 4, fig. 19;
pl. 5, fig. 5; pl. 6, figs. 1-10; text-fig. 8.

1916—Productus cora d’Orbigny; Broili, in Wanner, J., Palgont. Tumor, T,
(12), 19, pl. 115 (1), fig. 14-15; pl. 116 (2), figs. 1-3.

1997—Linoproductus cora (A’Orbigny); Chao, Palacont. sinica, Ser. B, 5 (2),
132, pl. 13, figs. 17-18; pl. 14, figs. 1-4.

1927—Productus cora d’Orbigny; Diener, Leitfossilien, Lief. 5, 24; Berlin.

1936—Productus core &’Orbigny; Licharew, Monogr. Palacont., U.S.S.R., 39,

' 29.

1948—Linoproductus cora (d’Orbigny); Prendergast, J. Roy. Soc. W. Aust.
28, 20. )

For complete synonymy see Broili (1916), Diener (1911), Licharew (1936).
Branson (1948, p. 385).

Diagnosis: Linoproductus-species extremely variable in most features
characterized especially by concentric folds on ears only. Adductor muscle
impressions dendritic. Cardinal process trilobed. Distinguished from L.
tenwistriatus (de Verneuil) by coarser ornamentation and greater convexity of
pedicle valve. :

Description: The confusion resulting from d’Orbigny’s incomplete original
description of specimens of Productus cora from Bolivia was not overcome
even by the detailed re-deseription of topotypic material by Kozlowski in 1914,

This is probably due to the reluctance of many palaeontologists to acecept a
species distinguished by a great range of variation and persistence over such
oreat areas and periods of time—features to which Kozlowski drew particular
attention in his re-description. The description to follow will only elaborate on
those features of the preceding diagnosis which need it (for a full description
see Kozlowski, 1914).

The size of the shell varies—it may often attain relatively large dimensions.
The degree of convexity in the median region of the pedicle valve varies but
is mostly strong so that the visceral cavity is large. The beak is nearly always
small, generally strongly incurved and overhanging the hinge-line. The
transverse curve of the pedicle valve is usually entire and rarely impressed by
a broad and shallow median sinus. There is never a median fold in the brachial
valve. The umbonal angle is rarely greater than 90 degrees. The flanks are
most often steep, forming a large angle with the flat plane of the ears. They
flatten anteriorly and antero-laterally so that the frontal margin tends to be
splayed-out, but this part of the shell is rarely preserved.

Ornamentation consists of fine rounded striae variable in intensity, sub-
~parallel, flexuous or irregular, sometimes showing all three arrangements in the
one specimen,
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A row of moderately thick spines is usually present along the hinge-line.
On the body of the valve the number of spines is ‘variable but never great. The
conflience of one or more stride may give rise to a spine. The concentric folds
or wrinkles on the ears rarely eross the visceral dise and if so are very faint.

The surface of the brachial valve may show faint growth lines.

The median septum runs the length of the visceral dise, the oval dendritic
adductor impressions lying either side of it. The diductor impressions form
large but narrow bands on the lateral sides of the adductor impressions. The -
rest of the interior reproduces the exterior ornmamentation, although the striae
are larger, flatter, and the interspaces narrower.

The median lobe of the cardinal process is larger than the lateral lobes
and is concave from the internal aspect. The median septum may be separated
from the base of the cardinal process by a shallow depression. The cardinal
process lies either parallel to the general surface of the viseeral dise or points
inwards, forming a small angle with it.

Kozlowski sums up thé principal variable features as—
(1) the shape of the shell;
(ii) the degree of convexity of the pedicle valve;
(iii) the incurvature of the beak;
(iv) the steepness of the flanks;
(v) the presence or absence of a median sinus;
(vi) the regularity and size of the striae;
(vii) the number of spines;
(viii) the concavity of the brachial valve.

Theése are the principal variable features only. Tt is no wonder, then, that
confusion arises in endeavouring to decide whether or not a similar form under
study comes within the limits of variability of Linoproductus cora.

Remarks: Faced with such a problem some workers seem to have decided on
narrow limits of their own choosing; some have accepted the extremely wide
limits of variation as laid down by Kozlowski and Diener (1911); but few
have accepted this species without question. There are at least two attitudes
to adopt in the endeavour to find a solution to such a problem as this. Firstly,
the palaeontologist must aceept the possible fact that there have been such
species, of great variability, widespread in area and stratigraphical range.
Most palaeontologists are reluctant to accept this notion. There is, however,
little evidence, from genetics or other neozoological study, to prohibit such rare
occurrences. The main objection seems to be that other such seemingly variable
and widespread species have eventually been “split” with apparent success
and validity—the argument from past usage and experience.

The second attitude, less common nowadays, is to plead that the ocecurrences
of what seems to be the same species in far distant places and over great strati-
graphical intervals are due to parallelism in development. Even when such a
suggestion is coupled with the proviso that this can be decided only after
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a study of the relative ontogeny of the species (see Chao, 1927, p. 130), it hardly
agrees with the latest findings of geneticists and zoologists. Indeed, the parallel
development of particular species of the same genus seems most improbable.

The most satisfactory solution to this ever-recurring problem, and one
most advocated by palaeontologists disturbed at the snowballing increase of new
names, is that if a reasonable doubt exists in the mind of the inquirer as to
the mutual identity of two forms then either infra-specific categories or, prefer-

~ably, a comparative abbreviation, can express the doubt.

Both Kozlowski (1914) and Diener (1911) included in Linoproductus
cora such forms as “ Productus ” lineatus Waagen, “ P.” neffedievi de Verneuil,
and “ P.” ovatus Hall. No opinion as to the correctness of their judgment can
e expressed here, but others have questioned such a grouping (Chao, 1927,
p- 129; Dunbar and Condra 1932, p. 243).

In Western Australia L. cora occurs only as the variety foordi (Etheridge
fil.) and is described below.

LinopropUCTUS CORA FOORDI (Htheridge fil.).
Pl. 8, figs. 10-15.

1890-—Productus tenwistriatus de Verneuil; Foord, Geol. Mag. deec. iii, 7, 151,
pl. 7, figs. 4, 4a.

1903.—P. tenuistriatus de Verneunil, var. foordi Etheridge fil., Bull. geol. Surv.
W. Aust., 10, 19, pl. 1, figs. 3, 4; pl. 3, fig. 22.

1910—P. tenuistriatus var. foords Eth. fil., Glauert, Bull. geol. Surv. W. Aust.,
36, 37. '

1931—P. tenuistriatus var. foordi Eth. fil., Hosking, J. Roy. Soc. W. Aust.,
17, 8, 22, ,

1943-—Linoproductus core var. foord: (Eth. fil.) Prendergast, J. Eoy. Soc. W.

' Aust., 28, 22, pl. 3, figs. 3-5.

Spectmens (in part): G.S.W.A, 1/4683; south bank of Wooramel River
below Callytharra Springs, Carnarvon Basin. Callytharra Formation. Aus.
Mus. F.36247, 36251-36255 incl., (Gascoyne River, near Winnemia, Carnarvon
Basin. Stratigraphic position uncertain. U.W.A. 10822; Fossil Cliff, Irwin
River, near Mingenew. Fossil Cliff Formation. U.W.A. 23438a, b, ¢; same
locality and horizon. :

Diagnosis: Similar to Linoproductus cora (d’Orbigny) but smaller, without
spines on main part of pedicle valve.

Description: The revised description of this form given by Prendergast
requires no additional remarks, and is as follows:—

“The pedicle valve has an elongated oval outline in the larger specimens.
It is gibbous in the visceral region falling rapidly at the sides to small, flat
ears, and trunecated posteriorly by a small umbo overhanging the hinge-line.
Anteriorly there is a decrease in the curvature so that the shell is elongated
rather than globular. A row of spines along the hinge, at about 10 degrees-to
the cardinal margin terminates in a group of from 4-6 spines on each ear. No
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spines occur on the rest of the shell. The longitndinal striae are fine (20-40
measured over a breadth of 20 mm. at a distance of 10 mmi. from the umbo)
and vary in irregularity. On some speeimens they may run almost parallel
for the length of the shell but more usually two or more unite and re-divide
later, having an irvegular course. The striae increase by intercalation and this
takes place in most specimens at about the same stage of growth. The amount
of increase, too, varies, onc or two striae being intercalatgd between a pair of
primaries. Folds on the ears ave not seen on the majority of specimens and
where they are present never cross the viseeral part of the shell.

«he brachial valve is concave, the ornamentation as in the pedicle valve,
but crossed by concentric wrinkles. The valve is devoid of spines.

“The sizes of the specimens (pedicle valves) are shown by the following
table :—

— 1 2 3. 4 5 8
Height .. 29.1 22.8 31.0 23.7 23.0 14.1
Maximum width 29.4 25.1 27.0 27.0 24.0 13.3
Length of hinge-line 22.9 20.2 19.8 25.0 18.6 13.3
Curvilinear length 50.0 39.3 56.0 41.1 35.5 21.8

No specimens examined have both valves in position; it is thus impossible to
estimate the thickness of the shell.

“The width of the hinge-line as shown by these figures is less than the
maximum width of the shell. The ears in these specimens are very fragile and
readily break off; the only complete specimen is a small one (No. 6).

“The internal structures are as desecribed for the species P. cora, the
muscles being inserted in definite fossae.

“ Comparison with other Forms: These speeimens have been referred for
many years to Productus tenwistriatus Verneuil, although distinguished as a
variety. HBtheridge (1903) separated them as a variety, giving as his reasons
the mueh coarser and more irregular ornamentation (in P. tenuistriatus there
are 50-60 striae in 20 mm. at a distance of 20 mm. from the umbo). They
differ from that species, too, in the width of the hinge-line, the arching of the
pedicle valve and the regular anterior elongation, P. tenuistriatus being irregu-
larly produced anteriorly. Etheridge has already said that this form belonged
to the “cora” group (1907b, p. 30). Specimens from Timor (Broili, 1916,
pl. exv, figs. 15-16; pl. exvi, figs. 1-3) probably belong to this variety of
P. cora.

“This variety is not distinet from P. corea d’Orbigny. It is a variety
within that species as can be seen by a comparison of Kozlowski’s figures (pl.
vi, figs. 7a, b) and figures accompanying this paper but a variety which has become
stabilized in this area. The limits of variation are narrower than in those
from South America. The shell shape is constant, as is the convexity of the
pedicle valve; it is not sinuated and does not carry spines on the main part of
the shell. The varietal name is retained for these specimens until the complete
range of Productus cora ’Orbigny is seen in this country.”

Remarks: Although a great many additional specimens have come to hand
since this deseription, it needs no alteration beyond mentioning that. the
specimens do not show the variation in size as deseribed by Koslowski, on the
whole being a good deal smaller, as can be seen from the table of dimensions.
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It does not therefore seem justifiable to regard this form as specifically distinet
from Lamoproductus core. As Prendergast intimates it is best regarded as a
geographic sub-species of d’Orbigny’s species. The term “ Height ” in the table
of dimensions, included in the quotation from Prendergast, is synonymous
with “ Length ” as used herein.

Material: Several hundred speecimens variously preserved, many excellently
so; brachial valves very rare. The largest store of specimens is in the C.P.C.
colleetion.

LivoprobucTUs Lyonr Prendergast revised.
Pl 8, figs. 16-22.
1943—Linoproductus cancriniformis var. lyoni Prendergast, J. Roy. Soc. .
' Aust., 28, 24, pl. 3, figs. 1-2.

Holotype: Aust. Mus. F.36530; 10 chains north-west of Gnarrea Pool near
Winning Station, Carnarvon Basin. Lyons Group (upper part?).

Important Specimens: U.W.A. 32025, 32028, Glendevon Homestead,
‘Woolaga Creek area, near Mingenew, 1rwin River Distriet. Fossil Cliff Forma-
tion. U.W.A. 32026, Trig. Station .52, half way on road between Middalya
and Williambury Stations, Carnarvon Basin. Callytharra Formation. U. W A.
32027a, b, same locality and horizon.

Topotypes: Aust. Mus. F.36533, 36535, 36537, 36538, 36540.

Diagnosis: Medium-sized Linoproductus-species, with pediele valve of com-
paratively shallow convexity, thin visceral cavity, and semicircular outline
widest at hinge. Ornamentation resembles L. cancriniformis (Tschernyschew).
Distinguished from L. cora var. farleyensis (Btheridge fil.) by its more coarsely
striate ornamentation and narrower, more elongate spine bases.

Description: Dimensions of typical specimens—

— TU.W.A. 32025. 32026. 32028.
Length of hinge-line .. .. . 46 38 52
Width . . .. .. 45 38 53
Length .. .. .. .. 35 31 58
Curvilinear letgth . . . 53 40 55
Depth .. .. .. .. 9 .. ..

The pedicle valve is semicireular in outline, the hinge-line straight, equal
to greatest width; the valve is evenly convex, not at all globose. The ears are
large, not set off from the rest of the shell, the alar angles being right angles.
An outstanding feature is that the longitudinal profile is practically identical
with the transverse. No median sinus or flattening. The whole surface is
covered with fine radial striae (18-20 in 10 mm. at a distance of 20 mm. from
the umbo) bearing swollen extremely elongated spine-bases arranged in approxi-
mate quineunx. KEach stria gives rise to one spine-base. The striae are rarely
flexuous, and increase by bifurcation and, more rarely, intercalation. Concen-
tric wrinkles are particularly pronounced on the ears and lateral flanks but
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often are also quite marked on the body of the shell. A row of coarse spines
diminishing in size towards the umbo is sometimes found on the hinge-line,
depending on the preservation. They are long and flexuous and point
posteriorly.

The brachial valve is slightly concave and geniculated to form a trail.
The largest trail measured was 15 mm, long. The brachial valve is sometimes
distingnished by a narrow zone of reverse curvature around the edge of the
visceral dise just before geniculation. It is not pronounced and does not form
a definite ridge. The ornamentation mirrors that of the pedicle valve, the
spine-bases being represented by similarly shaped depressions. It is not
certain whether or not there were fine spines as well on this valve.

Immature specimens resemble closely the larger mature form, but the con-
vexity is possibly less marked.

One specimen, U.W.A. 32025, shows something of the internal features,
unfortunately mot clearly enough for good photographic reproduction. The
median septum is high and narrow, arising just anterior to the base of the
cardinal process but not contributing to it, and persisting half-way across the
visceral dise. The cardinal process is short, wide, barely projecting behind
the hinge. It is trilobed, the median lobe the largest, the lateral lobes knob-like,
projecting out from the median lobe. A pair of short but well defined marginal ’
ridges run off along the hinge, from the base of the process, one each side. They
persist only half way to the alar extremities. Nature of muscle impressions
and brachial impressions (if present) is unknown.

Variation within the Species: Members of this species are rather stable in
their characteristics. As shown in the estimate above the mumber of striae
and, therefore, the number of spine bases vary within narrow limits. 'This
seems to be the only worthy variation.

Comparison with other Species: Representatives of this species do not come
within the apparent limits of variation of L. cencrimiformis. The only
important feature the two possess in common is the type of ornamentation. Even
in this respect, L. lyom differs from L. cancrintformis in that the spines of the
former are finer and less erect.

Productus Lommnckianus de Vern. (Chao, 1928, p. 63, pl. 5, figs. 4-7) has
some features in common with this species. It is, however, much smaller, more
inflated and the striae are finer. The shape is different and the umbo more
inflated and incurved. Productus tumidus Waagen (1884, p. 708, pl. 80, figs.
1.3) is also more inflated and bears more erect and swollen pustular spines.

Productus (Linoproductus) janischewskianus Stepanov (1934, p. 39, pl. 3,
fig. 23) is also similar to our species but is much more inflated and less spinose.

Linoproductus cora var. farleyensis Etheridge fil. (Etheridge and Dun,
1909) from the Liower Marine of the Permian of New South Wales, is a very
similar species. It is rather more globose than L. lyon: and, in particular, the
radiating striae are finer, more flexuous, two or more coalescing to give larger,
more nodular spine-bases.
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Remarks: The form was first described by Prendergast on pedicle valves
alone as “temporarily ” a variety of L. camcriniformis, but the collection of
much more material shows that it is specifically distinet. In contrast to L.
cancriniformis it shows little variation, and even immature forms need never
be confused with any variants of L. cancriniformais.

The specific name was originally given as a variety name of the species
L. cancriniformis (Tschernyschew) by Prendergast (1943).

Material: About 20 specimens, immature and mature; preservation fair
to good.

Genus MAraINIFERA Waagen emend. Licharew.

1884—Waagen, Palacont. indice, Ser. 13, Salt Range Fossils, 1 (4), 713.
1936—Licharew, Monogr. Palaeont. U.S.8.R., 39, 100 (English translation).

Type Species: Margimifera typice Waagen, Palacont. indica, Ser. 13, Salt
Range Fossils, 1 (4), 717, pl. 76, figs. 4-7; pl. 78, fig. 1.

Definition: Small thin-shelled productids exiernally resembling Dictyo-
clostus but mueh smaller, with reticulate umbonal area. Characterized by an
internal flange-like ridge around the visceral disc of the pedicle valve, arising
" from the posterior margin and generally persisting across the anterior margin.
A similar ridge tends also to develop on the interior of the brachial valve,
particularly on the postero-lateral borders. The adductor musecle scars in the
brachial valve are non-dendritic, possibly represented by two pairs, the inner
pair most prominent. The cardinal process is generally blunt and thick. Orna-
mentaticn is of costae and rugae, the latter present over the initial portion of
the shell. The pedicle valve bears erect spines over the reticulated and the
anterior costate portions. The ears are sharply demarcated from both dorsal
and ventral aspects.

Remarks: In degree of development, the marginal ridge, the principal
diagnostic feature in the original diagnosis, varies considerably among the
species of this genus, and for this reason many palaeontologists were disinelined
to recognize it. ILicharew, however, drew attention to the fact that members
of many species conceivably belonging to Marginifera on the basis of possessing
marginal ridges also possessed a more reliable and consistent feature in
common, namely, non-dendritic adductor musecle scars possibly in twin pairs
(Licharew, 1936, p. 100, English translation). Review of the descriptions of
such species supports Licharew’s proposition, in particular as regards the non-
dendritic nature of the scars, and probably also with the occurrence of each
musele impression as a pair, the inner portion raised and prominent, the outer
less obvious and tending to merge into the general surface of the valve.

In the same reference and following immediately his observation on the
nature of the muscle impressions in Marginifera, Licharew also comments on
the similarity in this feature and in ornamentation between certain so-called
Marginifera species and those of Awvonie. He concludes that Marginifera
“remains a very wide, probably polyphyletic genus ', whieh again is
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possibly correct; but nevertheless it is not considered that there is any room
for reasonable confusion between species of Avomic and those of Margimifera
characterized by the type-species.

Kozlowskia Fredericks 1933, with type-species Productus capact d’Orbigny,
has been adopted by Stehli (1954) and discussed fully by him. The only
Marginifera-like species here deseribed has features, all somewhat variable in
degree of development, in common with both Marginifera as usually understood,
and Kozlowskia is understood by Stehli. It has been retained as Marginifera.

MARGINIFERA GRATIODENTALIS (Grabau).
Pl 9, figs. 1-14.

1892—Productus gratiosus var. occidentalis Schellwien, Palaeontographica, Bd.
32, 24, pl. 3, figs. 6-9; pl. 8, fig. 25.

1927——Productus gratiosus var. occidentalis Schellwien; Chao, Palaeont. sinica,
Ser. B., 2, (2), 47-50, pl. 4, figs. 11-16.

1930-—Productus gratiosus var. occidentalis Schellwien ; King, Univ. Texas Bull.
3042, 71, pl. 14, fig. 1.

1934—Productus gratiodentales Grabau, Palaeont. sinica, Ser. B., 8 (3), 36,
pl. 10, figs. 7-8.

1943—Dictyoclostus gratiosus (Waagen); Prendergast, J. Eoy. Soc. W. Aust.,
28, 17-18, pl. 2, figs. 5-7.

1944—Margwnifera gratiodentalis (Grabau); Reed, Palacont. tndica, N.S., 23,
Mem. 2, 98.

Materiel (in part) : Aust. Mus. F.837567; quarter mile east of shale out-
crop, Minilya River. Wandagee Formation? ¥.37569-37571; bank of Minilya
River, same locality and horizon. U.W.A. 27185b, ¢, d, e, 28183a; north-east
side of syncline, north bank of Minilya River, west of Coolkilyva Pool, Wan-
dagee area. Cundlego Formation. 28453a, b; 350 yards west of a place on
fence between Barabiddy and Weer Paddocks, 2,220 yards south of gate in that
fence near Barabiddy Creek, south of Wandagee Station. Cundlego Formation.
27227a, b; Wandagee area. Possibly Wandagee Formation. 34443; just east
of Wandagee Hill. Coolkilya Greywacke or Baker ¥ormation. All above
localities in Carnarvon Basin.

Diagnosis: Small Marginifera-species externally like Dictyoclosius. Ears
distinet, demarcated from body of shell, with cardinal spines present; in these
features differing from M. gratiosus (Waagen). Adductor muscle impressions
oval, elevated, non-dendritic.

Description: The following dimensions are typical of the species:—

— ’ 27185b. | F.87569. | 27227b. 34443.
Length of hinge-line .. . 23 26 29 22
Length .. .. .. 15 16 19 16
Curvilinear Tength . . 28 32 38 28
Depth .. .. .. 6 5 6 5
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The description of the external features of this species, given by
Prendergast, is as follows:— ’ '

“The shells are small to moderate in size as may be seen from the table
of dimensions. They have an irregularly hexagonal outline when viewed from
the pedicle side, with the hinge-line the greatest width of the shell.

“The pedicle valve has a flattish visceral dise, which, following the genicu-
lation of the shell, passes into a regularly curved trail. Transversely the shell
arch is high, indented medially by a strong median sinus and falling gradually
to the lateral margins in a slightly convex slope.” The umbo is small, pointed
and slightly overhanging the hinge-line. The ears are small and pointed, they
Lave a convex profile in longitudinal section. The ornamentation is reticulate
on the viseceral dise, the reticulation sometimes irregular due to the enlarged
rugae on some specimens. The rugae do not develop anterior to the genicula-
tion, the trail carrying costae and scattered spine-bases. The latter are rarely
numerous, not more than four or. five being present. The costae converge
slightly towards the sinus giving a very distinet and charaeteristic appearance
to the shell.

“The brachial valve is trapezoidal in outline, the long straight hinge-line
and the anterior margin being the parallel sides. It is regularly concave with
a median fold which expands towards the anterior margin. The ears are
excavated to fit tightly with those of the pedicle valve. The ornamentation
is reticulate over the posterior third of the shell, the rugae then develop irregu-
larly and the ormamentation of the rest of the shell may be described as costate.
The costae radiate from the umbo, those in the central part of the shell con-
verging towards and finally coalescing on the median fold.”

With a great many more specimens to hand the following external features
have also been noted: the ears are rather large considering the size of the shell,
and are each demarcated from the body of the pedicle valve by a ridge, along
the visceral side of which are coarse spines, rarely more than two in number;
this ridge is reflected on the brachial valve and sets off the platform-like nature
of each ear, which often bears a single spine. If the preservation is good, the
pedicle valve shows a few spines along the cardinal margin. The rugae extend
for about 12 mm. over the curve of the pedicle valve, the costae at this point
numbering 10-12 over 10 mm.

The internal features are as follows. In the pedicle valve the ears are
smooth and reflexed, and separated from the visceral cavity by a sharp change
in curvature. Just below this abrupt line of division between the ears and
the rest of the shell there is a further demarcatory line of sharp, small incisions.
This line, in diminished intensity, runs all round the lateral and anterior
margins, and immediately posterior to it there is a pronounced groove. The
shell is much reduced in thickness thereafter, so that many specimens break off
around this groove, the trail appearing shorter than it really is. The incisions
continue as faint lines into the body of the valve for a distance of about
3 or 4 mm. There does not seem to be any definite marginal ridge on the
interior of the brachial valve which would fit into this groove. The adduector
muscle impressions are situated close under the umbo. They are elevated,
non-dendritic, and for the most part lie immediately either side of the ventral
sinus, or fold, as it appears internally. There appears to be only one pair.
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The diductor muscle impressions do not encroach on the median sinus but
are restricted to the deepest parts of the visceral cavity. The rest of the surface
is eovered with minute pits, resulting in a densely stippled appearance.

In the brachial valve the cardinal process is blunt and thick, showing no
lobation, projecting only a short distance behind the hinge. The median septum
appears as only a line initially; half way it becomes more pronounced and
ends as a blunt apophyse jutting out under the ventral fold, at about two-thirds
of the distance from the hinge-line to the anterior edge of the visceral dise.
"The adductor muscle impressions are small, smooth, elevated, non-dendritic,
sitnated just anterior to the cardinal process, one either side of the line of the
median septum. DBrachial impressions are distinet, arising just anterior to the
adductor impressions, diverging away from the hinge at about 40 degrees to the
edge of the visceral disc, recurving in hook-like fashion, returning sub-parallel to
the initial limb, almost to the starting point. The marginal ridge is not distinet
except at the boundary of the ears and the visceral dise. Around the anterior
margin of the visceral dise it takes the form of short, ridge-like pustules,
elongated antero-posteriorly. The rest of the surface is smooth.

Variation within the Species: M. gratiodentalis is vemarkably stable and
specimens from different localities vary only slightly. The only features
showing some variation are the ventral sinus (and correspondingly the dorsal
median fold) which varies in depth, and the amount of geniculation of the
brachial valve; but variation in the latter may be due to varying degree of
deformation during preservation.

Comparison with other Species: M. gratiodentalis is distinet externally
from other Western Australian semireticulate productinids by its small size.
Internaﬂyv it is, of course, radically different.

The more transverse outline, 1.arger‘ ears, smaller number of spines over
the trail, and spines along the cardinal margin are features distinguishing
this species from Marginifera gratiosus (Waagen). The chief distinguishing
feature according to Schellwien (1892)—the lateral ridge demarcating the ears
from the body of the shell—is not as well developed in the local specimens as
it is in the original species first described by Schellwien and redefined by
Grabau, being more a “step” than a ridge. The difference however appears
to be insignificant and more of degree than of kind.

The form described as “ Productus gratiosus” Waagen by Broili (1916,
p. 12, pl. 116, figs. 4, 5, 7-B) is very similar to M. gratiodentalis and may be
identical with it.

Remarks: In her description of the Western Australian forms of this
species Prendergast mentioned that the generic placement was insecure since
the internal structures were unknown. Preparation of species 'yielded the
internal characters just described, which place this species in the genus Mar-
ginifera Waagen, of the group of Marginifera splendens (Norwood & Pratten)
(Waagen, 1884, p. 715).

Material: About 50 specimens, half of them in fair to excellent preserva-
tion, six showing internal features.
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Genus WaageNocoNcHEA Chao.
1927—Cha0 Y 'I‘ Palaeont., stnica, ser. B., 5 (2), 85.

Type-Species: Productus humboldti d’Orbigny, 1842, Voy. Amer. Merid.,
Paleont., 3 (4), 54, figs. 4-7.

Diagnosis: Features essentially those of Pustule Thomas, with sinuate
pedicle valve, and surface marked by quineuncially arranged tubercular spines
in the young and adult stages, becoming smaller and more eclosely packed
together in old age. No pronounced coneentric ornamentation.

Remarks: Although Chao himself did not regard Weaegenoconcha as being
any more than a subgenus of Pustule Thomas, most subsequent authors have
treated it as a full genus—usually without comment. Speaking of the genera
Echinoconchus Weller Waagenoconcha Chao, and Juresania Fredericks, Chao
stated: “ Whether each of the latter three series is to be regarded only as a
particular group within the genus Pustula or is to be separated under a sub-
generie designation seems to depend mainly upon the value placed on these
characters by different authors”. In the case of W aggenoconcha the “ charac-
ters ”, in essence, may be narrowed down to the definite quincuncial arrange-
ment of the tubercular spines, the lack of any definite concentric ornamentation
and, finally, the fact that in old age the spines become finer and more numerous,
the transition usually being fairly abrupt. Placing the emphasis on this last
feature, Chao admitted that he adopted a narrow limitation in conferring
subgeneric rank upon his form. If all three features are taken in combination,
however, it is probable that Waagenoconcha is worthy of generic rank.

‘WAAGENOCONCHA IMPERFECTA Prendergast.
PI1. 10, figs. 8-14; pl. 11, figs. 1-6.
1916—Productus waageni Rothpletz; Broili in Wanner J., Paliont Timor, 7
(12), 14, pl. 118, figs. 1-5.
1924—Productus swbquadratus Morris, Chapman, Ann. Rep. geol. Surv. W.
Aust., 1923, 36.
1935—Waagenoconcha wmperfecta Prendergast, J. Roy. Soc. W. Aust., 21, 15,
pl. 4, figs. 1-3.
1943—Waagenoconcha imperfecta Prendergast, J. Roy. Soc. W. Aust., 28, 25,
pl. 3, figs. 7-9. :
1943—Waagenoconcha vagans Reed ; Prendergast, Ibid., 28, 26, pl. 3, fig. 6.
Holotype: U.W.A. 3044, Luluigui Station, West Kimberley District.
Liveringa Formation, Hardman Member. _
Allotypes (fide Prendergast, 1943) : U.W.A. 2768, 2775, same locality and
horizon. o
Homeotypes: U.W.A. 27457, limestone at base of Mount Hardman, West
Kimberley Distriet. Liveringa Formation, Hardman Member. 20454, north
flank of Mount Cedric,, West Kimberley Distriet. Liveringa Formation,
Hardman Member.



Diagnosis: Waagenoconcha-speeies distinguished principally by the overall
fineness of the spinose ornamentation, and by the frequent presence of strongly
developed lines of growth.

Descrmiption: Dimensions of some typical specimens are—

| ! i
— 3044. 20454. 28016a. 29016¢.
Length of hinge-line .. .. 37 42 30 28
‘Width .. - 44 54 45 42
Length .. .. .. 42 49 52 47
Carvilinear length .. .. 68 78 95 86
Height .. .. .. 14.5 20 26 20

The pedicle valve is moderately convex with the point of greatest convexity
just behind the middle, the umbonal region being swollen, thereafter flattening
out slightly. Transversely the valve is highly arched, the lateral slopes rather
steep, the median portion flattened and indented by a broad, shallow sinus
which begins a short distance from the umbo and becomes broader and shallower
anteriorly; but always the margin is indented to varying degrees. Kars are
absent or very small. The umbo is strongly developed, protruding well behind
the hinge, the tip just overhanging the hinge and incurved. Umbonal angle
approximately 70 degrees. The brachial valve is flat but may be slightly concave
anteriorly with a slight median fold and with upturned margins. The hinge-
line is straight, less than the greatest width.

The ornamentation is distinetive. Anteriorly the pedicle valve may be
marked by accentuated concentric wrinkles or “bands”, generally absent in
the umbonal region, sloped sharply anteriorly, but gently to the preceding
band. More widely spaced in the middle portion, they become more numerous
and closely spaced, the transition often being abrupt, over the anterior third.
The bands are not as numerous nor as prominent as is usual with species of
Echinoconchus Weller. The unbanded posterior half of the valve is covered
with very numerous fine spine-bases arranged in regular radiating quincunces.
-With the eoming in of the bands the spine-bases become much finer and more
numerous, the arrangement lapses to subquincuncial, and the spine-bases are
in irregular rows. There does not seem to be any differential arrangement in
size. The spines on the alar extremities are of no special size or arrangement.
The brachial valve is ornamented similarly to the other valve, but the bands
are less prominent.

The internal characters are also distinctive. The brachial valve shows a
prominent median septum, half the length of the valve, becoming higher
posteriorly and joining a pair of strongly developed marginal ridges which
run along the hinge-line. The junction gives rise to the cardinal process. This
is arched and swollen immediately over the junetion and has a slight antero-
posterior suleus. It then becomes less bulbous, tilting dorsally, and pro-
truding above the hinge-line, thus fitting snugly into the umbo. At a point
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in the same plane as the brachial valve it divides into three lobes, the laterals
slightly larger than the central one. The sulei between them are deeply
impressed. All lobes point dorsally.

Adductor muscle scars are situated midway along, and apart from, the
median septum. They are very finely dendritic, and are not raised. No brachial
impressions could be seen. The anterior and lateral surfaces are covered with
fine papillae corresponding to the external spine-bases. At the anterior and
antero-lateral margins there may be several concentric rows of spikey pustules.

The pedicle valve shows a pair of very elongated adductor Impressions
close together. In many specimens they reach a length of 2 em., but are only
a few millimetres wide. The striate diductor muscle scars occupy a large area
on either side of the adductors.

Varation in the Species: Specimens of this species vary most in outline.
The figures for width given in the table of dimensions are typical, but some
specimens may be proportionately wider. Such variation is shown in the figures
illustrating this species. With greater width the flanks become correspondingly
less steep. The transition from relatively coarse to finer spine-bases may be
abrupt (the usual condition) or take place over the space between several
wrinkles or bands. It may take place at any point from one-third to two-thirds
of the curvilinear length of the pedicle valve.

Comparison with other Species: W. imperfecta is similar in general shape
to the following species, but differs from them in the fineness of ornamentation
and the presence of accentuated concentric wrinkles —Productus (Waageno-
concha) cylindricus Waagen ‘var. discreta Reed (1944), Waagenoconcha
silveana (Stuckenburg, 1898) W. abichi (Waagen, 1884), W. humboldts
(@’Orb.) as described by Waagen, 1884. Tt is almost certainly identical with
the species described as P. waageni Rothpletz, by Broili (1916, p. 118, figs. 1-5).
It is doubtful, however, if Broili's specimens are actually P. waagent.
Prendergast’s argument on this point seems fairly comclusive (Prendergast,
1943, p. 26).

Eemarks: The banding, the cardinal process (see Sutton and Summerson,
1943, p. 327), and the highly inflated pedicle valve are features strongly
reminiscent of the genus Echinoconchus Weller. The banding, however, is not
as prominent as is usual in species of this group, perhaps because the Western
Australian specimens are abraded. Also the single vow of strong spines
together with rows of finer ones, which is also considered typical of Echino-
conchus, 1s absent.

Dunbar and Condra (1932, p. 204) stipulate that the row of large spine-
bases lies on the posterior edge of each band, but Weller describes E. alter-
natus (Norwood and Pratten) in which they are on the anterior edge. The
question is whether or not this differential arrangement is a necessary charac-
teristic of the genus. The original describer of Productus punctatus Martin
(see Davidson, 1862, p. 173) referred to the “thousands of small spines ” cover-
g the surface, and Weller (1915) in his generic diagnosis of Echinoconchus
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did not stipulate any definite arrangement of the spine-bases. Ilis specific
descriptions immediately following, however, indicate that some differential
arrangement of spines of different sizes is usual.

The species also has important features in common with Waeagenoconcha-
species, in particular the regular quinecuncial arrangement of spine-bases and
the transition from coarser to finer spine-bases (not, however, a feature of old
age in this species). Tt contains, therefore, features characteristic of both
Waagenoconcha and Echinoconchus. Were the diagnosis of Waagenoconcha
emended to inelude forms with definite concentric ornamentation (not so
prominent as in Echinoconchus) this species could be referred to that genus
with less hesitation. Chao himself included “ Productus” purdoni Davidson
within Waagenoconcha, although this species has quite definite growth-lines.
Balancing points for and against, it seems that this speecies has rather more
essential features in common with Waagenoconcha than with Echinoconchus.

The specimen recorded by Prendergast (1943, p. 26) as W. vagans Reed
really belongs to W. imperfecta. Tt is an impression of a brachial valve rela-
tively wider than is typical for W. vagans and with finer ornamentation. Its
margins, however, are upturned, although not strongly so, a fact which led
Prendergast to place it with W. vagans. At the time this was the only real
point of difference between it and specimens of W. smperfecta. This difference
cannot be maintained, for additional specimens, typically W. imperfecta, also
show ocecasional upturning of the margins of the brachial valve, to the same
moderate degree as the specimen which Prendergast assigned to W. vagans.

Material: Over 50 specimens, variously preserved, many of them in the
Commonwealth Palaeontological Collection, Canberra. '

Genus TAENIOTHAERUS Whitehouse.

1928—Whitehouse, Rep. Aust. Ass. Adv. Seci., 18, 281-283.

Type 8Species: Productus subguadratus Morris. Morris (1845) in
Strzelecki, “Physical Descriptions of New South Wales and Van Diemen’s
Land ”, p. 284 ; London.

Diagnosis: Morris’s original description of the type species from Tasmania
was as follows:—
“Somewhat quadrate, gibbose, surface marked with irregular, coarse

longitudinal ribs, bearing bluntish spines; sides flattened; front produced;
mesial furrow broad and distinet; hinge-line as wide as the shell.

“Width three inches, height two and one half inches. This shell somewhat
resembles P. antiguatis but the mesial furrow is very defined and there are no
traces of the concentric undulations which cover the rostral portion of that
species.

“Tiocation: Mount Dromedary and Mount Wellington.”

Morris did not figure his species.
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After a study of additional material Prendergast (1943) gave the following
diagnosis :—

“ Adult shell large, general outline subquadrate to elongate oval; pedicle
valve evenly convex with median sinus; brachial valve slightly convex to flat
with upturned margins. - Pedicle valve sometimes with triangular concave
area; delthyrium, where present, partially filled by triangular extension of
cardinal margin of brachial valve.

“ Ornamentation of coarse elongated spine bases possibly giving rise to
long spines; spine bases not continuous inte costae. Irregular concentric
wrinkles or lamellae widely spaced over the whole shell.

“Muscle impressions as in Aulosteges and Productus. Brachial valve with
median septum. Cardinal process large, varying angle of inclination to cardinal
margin.”

Remarks: In 1928 Whitehouse proposed a new genus, T'aeniothaerus, with
Productus subguadratus Morris as type species. Although no deseription or
definition of the new genus accompanied this proposal, the genus was validly
erected,-since under Article 25 of the Rules of Nomenclature, citation of a type
species is sufficient for the erection of a genus. The type species was originally
desceribed on the basis of a specimen, or specimens, of which only one remains,
that selected by Prendergast in 1943. This specimen is very poorly preserved.
Morris’ description, though it may have been based on more than this specimen,
does not give any real conception of the species. Naturally enough, since the
type species was of uncertain status so also was the genus.

In 1943 Prendergast attempted the re-study of the type species. The
complications involved in such a study are, first, the existence of only the one
original speecimen, this so poorly preserved that comparison between it and
supposedly * conspecific additional specimens is quite uncertain; second, the
vagueness of the original locality, which makes it uncertain whether or not
additional material is topotypic; and third, the fact that a traditional conception
of the speecies has been created on the basis of deseriptions, by later authors, of
material from Queensland and New South Wales supposed by them to be the
species subquadratus.

Prendergast was able to procure additional material from the general
locality given for the original specimens. On the basis of this she completed
her study and gave the diagnosis given above. Most unfortunately the manu-
seript containing the results of this work was lost at sea during the last world
war, while in transit to the Royal Society of Tasmania. She had, however,
incorporated the diagnosis of Taeniothaerus in another paper (Prendergast,
1943). Through the courtesy of the Director of the Tasmanian Museum I have
been able to study a rough draft of the lost paper, which confirms the diagnosis
given. Because this draft may not have been the final expression of opinion,
I do not feel at liberty to pass on any other results of her work, except to sav
that it does confirm the difficulty involved in the re-study of the type species,
caused by the above complications.

Despite her very thorough study, Prendergast’s new diagnosis was so
generalized that any real difference between Aulosteges (semsu lato) and
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Taeniothaerus, as diagnosed, is hard to see. 1t narrows down to this,” that
whereas the pedicle valve of Taeniothaerus very offen has an area, Aulosteges
always has one. Hill (1950) gave expression to this subtlety of differénce by
making Taeniothaerus a sub-genus of Aulosteges.

During the last few years the original locality has been narrowed down
to a locality situated in a quarry near the Upper ‘Glenorchy reservoir, near
Hobart (Hill, 1950, p. 7; personal communication dated 4th November, 1949,
from Professor S. Warren Carey, Professor of Geology, University of Tas-
mania). I have been fortunate in obtaining a specimen from this locality and
also a few other specimens from the same formation (Pl. 15, figs. 1-7). These
specimens appear to be conspecific with the lectotype and show that the
arrangement of spines approaches the quincuncial and that the umbonal region
varies in degree of globosity.

Certain Western Australian species ecome well within the traditional con-
ception of the genus. They show most resemblance to the Indian and Queens-
land species (these species are compared under the descriptions of the Western
Australian species). Hill (1950), after study of Tasmanian material, has
described the Queensland species as T. subquadratus or as varieties of it.

There seems little doubt that the Western Australian forms belong to
Taeniothaerus as now understood. This being so, they add something to the
conception of the genus. In the first place they vary greatly, particularly in
the umbonal and hinge-line features, as does the Queensland material and also,
it seems, the Tasmanian material. - The ornamentation of the local forms is
also distinctive. It is finrer than that of T. subquedratus, although it can still
be described as “ coarse”. The arrangement of spine-bases is quineuncial or
subquincuncial and there is a transition in size of spine-bases from coarse to
fine towards the margins. Details of such features are eontained in the specific
descriptions following.

Taentothaerus is then a genus which shares features, external and internal,
diagnostic to Aulosteges (s.l.) and Waagenoconcha Chao. In the local specimens
there are some with a negligible area which closely approach Waagenoconcha,
although the arrangement of spines is not so preeisely quincuncial as in that
genus. On the other hand the inclination of the cardinal process to the plane
of the brachial valve and the size of the area are never so great as in the typical
Aulosteges (sensu strictu). The combination of features exhibited by species
of Taeniothaerus inclines one towards the suspicion that Awlosteges, as con-
sidered at present, is polyphyletic. Especially significant in this regard is the
fact that the area even within the range of any one species of Taeniothaerus
often varies considerably in size. By and large, however, it seems to have
closest affinities with Awlosteges, although it is certainly far removed from the
sort of Aulosteges typified by the A. wangenheims group.

The Western Australian species definitely link Taeniothaerus with certain
Russian species, mostly from the Kazanian, which belong to Aulosteges in its
widest sense. These species, and their varieties, are: A. horrescens {(de
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Verneuil) (see Netschajew, 1911, p. 145, pl. 4, figs. 4-8, 10, 11; pl. 5, figs. 1-4) ;-
A. fragilis (Netschajew, 1894, p. 152, pl. 3, fig. 4; and 1911, p. 145, pl. 4, fig. 9,
pl. 5, figs. 5, 8, and pl. 6, figs. 1, 2, 3, 5) ; the species described as Strophalosia
sp. ind. No. 1 and figured by Netschajew (1911, p. 145, pl. 6, fig. T) ; and S. spp.
ind. Nos. 3, 4, 5 in Netschajew (1911, pl. 7, figs. 4, 3 and 1 respectively); and
possibly A. longa (Netschajew, 1900, p. 34, pl. 2, fig. 6). '

These species would be included in a possible sub-genus of Awulosteges antiei-
pated by Hill (1950, p. 5). Were this sub-genus to be erected it would he
extremely difficult to decide into what group certain specimens of one of the
local species should be placed—the new sub-genus or Taeniothaerus. It could
be argued then that these Russian species properly beiong to Taemothaerus.
The effect of such inclusion would be to widen the comprehension of 7Taenio-
lhaerus so that the diagnosis included shells smaller than is now the case, and a
wider range of ormamentary detail.

As things stand the status of this genus remains somewhat unsatisfactory.
An adequate conception of the genus can only be gained by study of the species
at present assigned to it, the present diagnosis being insufficient. Most needed
is that the precise characteristics of the type species be established, including
the range of variation. As at present understood, it may be distinguished from
Aulosteges (semsu striciu) by the average larger size of its species, by its
smaller area, not persistently present, by the usual lack of much deformation
of the pedicle valve, the lesser inclination of the cardinal process to the plane
of the brachial valve, and the strong tendency of the spine-bases to be quin-
cuncially arranged, often verging on Waagenoconcha-type ornamentation.

The case for and against the inclusion of Taeniothaerus as a sub-genus of
Aulosteges is almost impossible to resolve. It could be said that the retention
of Taeniothaerus as a sub-genus confirms a tendency to place any productid
with an area into Awulosteges. Already this tendency has greatly increased the
scope of that genus and the suspicion of its polyphyly has grown almost to the
point of certainty. In this work I have treated Taeniothaerus as a genus.

In terms of individuals and species, Taentothaerus in the West Australian
Permian was a most successful genus. Its study leads one to the suspicion that
some of the species here deseribed are stratigraphically defined stages in a
ereat Taentothaerus “plexus”, somewhat similar perhaps to the successional
speciation in an oyster stock described by Stenzel (1949), or, in a lesser way,
to the local Calceolispongia stock described by Teichert (1949). These speeies
of Taeniothaerus are certainly the minimum record. Stratigraphical refinement
in the West Australian Permian quite possibly will enable more detailed
description of this plexus and the erection of further species. In view of the
nature of the variation displayed by Taemiothaerus-species, these probably will
be “community ” species (see Iieach, 1947), with considerable overlap, indi-
vidual specimens of which will be difficult to identify. This is indicated by the
species already described.

38



TAENIOTHAERUS COOLKILIENSIS Sp. nOV.
Pl. 11, figs. 7-12.

Holotype: UW.A. 27444, north-east side of syncline north of Minilya
River, west of Coolkilya Pool, Carnarvon Basin. Wandagee Formation.

Paratypes: UW.A. 32042, 32043, 34429; Glendevon Homestead, Woolaga
Creek area, Mingenew. Tossil Cliff Formation. U.W.A. 34430, same locality
and horizon as holotype.

Diagnosis: Species of medium size, characterized particularly by pointed,
attenuated umbo, projecting above plane of brachial valve, not incurved, usually
twisted, with high triangular suberect area. Distinguished from T'. miniliensis
sp. nov. by a smaller less convex but more frequently distorted pedicle valve,
and by its pointed projecting umbo.

Description: The size of the type specimens is shown by the following
dimensions :—

— 27444, 32042, 32043.
Length of hinge-line .. . .. 54 46 28
Width . .. .. .. 56 61 48
Length .. .. .. .. 70 74 55
Curvilinear length .. .. .. 110 112 75
Depth .. .. .. .. 25 30 20.5
Trail .. .. .. .. .. 5 .

The shell is subgquadrzngular to roughly oval in outline, with the greatest
width over the median portion. The hinge is nearly as long as the greatest
width. The alar angles are squarish, with the ears only slightly developed.

The pedicle valve, often misshapen, is of moderate convexity, most highly
so medially. The transverse curve of the valve is a low arch, steep-sided, flattened
over the middle portion and indented by a shallow sinus which starts just in
front of the umbo and becomes gradually more accentuated, resulting in an
indented frontal margin. The wmbonal region is not swollen, the numbo being
rather attenuated, pointed, and extending well behind the hinge, and projecting
a small but variable distance above the plane of the brachial valve, but only
within narrow limits. It is most often distorted and twisted. The tip is not
incurved and is separated from the hinge by a high triangular area, distorted,
slightly coneave, suberect and extending over half the width of the hinge. The
area is penetrated to about half its height by a triangular gap filled by a
corresponding extension of the brachial valve. A short, narrow, ineonspicuous
pseudodeltidium extends from the gap to the apex of the umbo.

The visceral dise, except the posterior part of the beak, iz covered with
pustular spine-bases, somewhat elongated, bearing erect spines of medium size.
The marginal portions bear finer, more numerous spine-bases. Growth wrinkles
are fairly pronounced, particularly over the later growth-stages of mature
specimens. The alar extensions bear spines rather more coarse than on the rest
of the valve.
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The brachial valve is flat or slightly concave except immediately anterior
to the hinge, where it is slightly convex, with margins gently but definitely
upturned. It bears pits corresponding to the spine-bases on the other valve.
It may or may not have spines as well.

The adductor muscle impressions in the pedicle valve are dendritie, elon-
gated, raised, separated by a suleus, and occupy areas in the posterior third of
the shell. On either side lie the striated diductor muscle impressions, occupying
large areas reaching almost to the lateral margins.

In the brachial valve the dendritic adductor impressions are enclosed in
oval areas each separated by the median septum, and they are slightly raised.
The median septum begins within 1 em. of the hinge-line and extends across
two-thirds of the length of the valve. At its posterior end two heavy ridges
arise, one either side. They project well into the umbonal cavity behind the
hinge, at about 30-40 degrees to the plane of the brachial valve. At first
separated by a deep lozenge-shaped sulcus, they then join to form: the spike-like
posterior termination of the cardinal process which is tilted in a ventral
direction.

The latex moulds of internal casts, from which this deseription of the
cardinal process was drawn, do not show the exact nature of the lobation. The
process seems, however, to have been trilobed, each lobe being very small and
hardly separated.

The brachial ridges are not shown on any of the specimens.

Immature specimens differ from mature ones mainly in the greater reclina-
tion of the umbo and hence of the area, and also in the absence of upturned
margins.

Variation within the Species: The area varies in size and in the amount
of reclination. The width is usually about half the width of the hinge (mature
forms), but it may extend almost the full width of the hinge (younger
specimens). The height is fairly constant. The amount of reclination varies
according to the projection of the tip of the umbo. This varies from almost
level with the plane of the brachial valve to mearly a centimetre above it, but
i1s never incurved.

The distortion of the beak and hence of the area varies a little. It is never
severely twisted, but neither is it completely undeformed.

The brachial valve may be flat or slightly concave over the outer part of
the visceral disc. The marging are smoothly upturned, but not geniculate.

Comparison with other Species: Specimens of Taeniothaerus miniliensis
sp. nov. are distinguished from those of T. coolkiliensis by possessing a smaller
area, less projecting umbo, more clearly defined median sinus, more swollen
umbonal region and a more regular, less distorted pedicle valve.

Aulosteges ingens Hosking differs in being proportionately wider, more
globose, the ornamentation less regular, and the area persisting over the whole
of the hinge in contrast to that of the present species.
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Of foreign species A. cf. gigas Netsehajew as deseribed by Diener (1903,
p. 182, pl. 8, figs. 13a-c) is rather similar to T. coolkiliensis, but is made distinct
by its broader, undistorted area, more swollen umbonal region and less
attenuated, less projecting umbo.

Remarks: The specific name is derived from the name of a prominent
locality in the Minilya River—Coolkilya Pool—which is near the holotype
locality.

Material: Eight specimens, six as limonitic casts, showing both internal and
external features, and two with the shell and ornamentation preserved.

TAENIOTHAERUS( ?) FLETCHERI Sp. NOV.
Pl. 9, figs. 15-19; pl. 10, figs. 1-7.
Holotype: C.P.C. 1950, south side of Mt Hardman, 120 feet strati-
graphically below top; uppermost beds of Liveringa Formation.
Paratypes: U.W.A. 29427 Db, 34444, Bell’s Homestead, Ellendale area;
Liveringa Formation. 29438, 29440, Tutu Windmill, Nerrima Creek, Noon-
kanhah area; Liveringa Formation, Hardman Member. C.P.C. 1951, same

locality as holotype above. All above specimens are from same general locality,
the West Kimberley District.

Diagnosis: Species similar to those of Taeniothaerus, with low wide area,
swollen incurved umbo and ornamentation of numerous coarse reclined spines
from elongated spine-bases, often with a row, or rows, of interspersed fine spines
toward anterior margin of mature pedicle valves. Distinguished from Taenio-
thaerus sp. aff. miniliensis by more swollen umbonal region and fine spines in
isolated rows only.

Description: Dimensions of some of the specimens are:

-_ 1950. 29427b. 29438. 29440.
Length of hinge-line .. .. 25 27 34 34
Width .. . .. 52 50 48 42
Length . .. .. 45 60 44 38
Curvilinear lengt .. .. 65 92 80 60
Depth . .. .. 15 25 .. ..

The shell is ovate in outline, tending to be wider than long, with hinge
straight and less than the greatest width. Alar angles are obtuse with no ears.

The pedicle valve is undistorted, most strongly convex over the initial two-
thirds. Transversely it is of low convexity, flattened medially but indented over
the anterior by a broad swollen sinus. The umbonal region is wide, umbonal
angle 110 degrees, with a broad swollen umbo, which is incurved, tending to
overhang the cardinal area. This is triangular, low, extending over nearly
all the hinge, more or less co-planar with the brachial valve. It is split medially
by a triangular gap filled by an extension of the brachial cardinal margin. The
pseudodeltidium is short, low, ridge-like, inconspicuous.
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On the alar extremities spines are fine and very numerous; elsewhere the
pedicle valve is ornamented with coarse (1 to 1.5 mm. in diameter) elongate
spine-bases bearing suberect spines, 8-10 over a square centimetre of the median
portion. The arrangement is subquincuncial. Anteriorly a concentrically
arranged row of finer spines is usually inserted, sometimes two spines over the
width of the row. This may be repeated again anteriorly. A row of coarse
spines borders the visceral side of the cardinal area. On the alar extremities
the fine spines have a tuft-like appearance. Growth wrinkles are rare.

The brachial valve is flat, with upturned margins in most mature specimens.
It bears fine spines with interspersed shallow elongated depressions correspond-
ing to spines on the pedicle valve.

In the pedicle valve the adductor muscle impressions are semi-clendritie,
slightly raised, elongated antero-posteriorly, and are situated at the front edge
of the posterior third of the valve. Diductor muscle impressions are striated,
occupying broad swathes outside the adductor impressions.

In the brachial valve the dendritic adductor impressions are oval, one
immediately each side of the median septum, separated from it by a narrow sulcus.
They lie just in front of the beginnings of the cardinal process. The median
septum is somewhat flexuous, raised, narrow, extending over two-thirds of the
viseeral dise, not contributing to the cardinal process. This begins as ‘two
narrow ridges at the posterior termination of the septum (6-10 mm. from hinge)
at first separated by a depression, then joining over the hinge, and terminating
as a trilobed narrow process. In younger specimens trilobation is not marked.
In older specimens the lobes are small and sub-parallel. The angle of ineclina-
tion to the plane of the viseeral disc ranges from 10 to 30 degrees. Brachial
ridges were not seen. _

Immature specimens differ from mature ones in lacking upturned margins
and in the lesser amount of development of internal features.

Variation in the Species: The plan outline, as with many Taeniothaerus-
and Awlosteges-species, ranges from transverse to slightly elongate-oval. The
umbo always rises a little above the hinge, the degree of incurvature varying.
The development of fine spines over the anterior portion of the pedicle valve
varies. There is usually at least one row, but there may be two or three. The
concentric arrangement may be marked or hardly apparvent. The varying angle
of inclination of the cardinal process has been mentioned.

Comparison with other Species: Taeniothaerus sp. aff. memiliensis sp. nov.
and Awulosteges ingens are closest to this species. The first species is compared
in the diagnosis above. A. ingens differs im its more quadrate outline, its larger,
usually distorted area, more reclined umbo, and absence of concentrically
arranged fine spines.

The species described as Productus abichi new variety aukitokazo by Astre
(1934, pp. 68-70) from the Permian of Madagascar resembles this species, but not
closely enough for detailed comparison. Astre’s species is certainly not
Productus (i.e. Waagenoconcha) abichi, but an Aulosteges  (s1.)  or
Taenrothaerus.
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Remarks: This species is provisionally assigned to Taeniothaerus. It might
well be an aulostegid—one of the as yet unfounded or obsecurely constituted
subgenera of Aulosteges, e.g. Wyatkina Fredericks, 1931. The name honours
H. O. Fletcher, Palacontologist to the Australian Museum.

Material: Twenty specimens, most of them casts, but two very well
preserved,

TAENIOTHAERUS IRWINENSIS SP. NOV.
PL 11, figs. 13, 14; pl. 12, figs. 1-6.
1943—Taeniothaerus subgquadratus (Morris) ; Prendergast, J. Roy. Soc. W.
Aust., 28, 27, pl. 4, figs. 1-6.

Holotype: U.W.A. 32044, Fossil Cliff, Irwin River area, near Mingenew.
Fossil Cliff Formation.

Paratypes: UW.A. 10932, 23437, 4786, 12396 (2 specs.) ; same locality and
formation as for holotype. U.W.A. 32375, few yards west of Glendevon Home-
stead, Woolaga Creek, near Mingenew. Fossil Cliff Formation.

Diagnosis: Tueniothaerus-species of medium size and moderate convexity,
with very small ventral ecardinal area, and with ornamentation of fine subquin-
cuncially arranged suberect and erect spines, no coarse spines on alar extremities.
In these last two features it differs from 7. miniliensis sp. nov.

Description: Specimens of this species are mostly broken or distorted. Only
two are sufficiently well preserved to yield accurate measurement of dimensions.
These are—

—_ 32044, 32375.
Length of hinge-line .. .. .. .. .. 37 36
Width . .. .. .. .. .. 66 62
Length .. .. .. .. .. .. 64 62
Curvilinear lengt} .. .. .. .. .. 105 08

The shell is medium to large, subquadrate, widest anterior to the
middle, with the straight hinge-line a little more than half the width, and length
approximately equal to width. Specimens are usually very thin-shelled, but this
is probably an ecophenotypic feature. The pedicle valve is of moderate con-
vexity, the greatest convexity over the posterior third, flattening gradually to the
margins. The flanks are steep-sided. A broad median sinus of moderate depth
arises at the umbonal region, is most pronounced over the central part of the
shell, then gradually dies out leaving the margin almost entire. Ears are poorly
developed, represented only by a recurvature of the alar flanks and not flattened
or separated from the rest of the shell. The umbonal region is well developed,
but the umbo is comparatively small, pointed, incurved, and just overhanging the
hinge-line. In the holotype the tip is a little distorted and bears what seems
to be a small cicatrix of attachment. It does not project more than 4 or 5 milli-
metres above the plane of the brachial valve. The holotype also shows a very
small area, about a centimetre wide and a millimetre high.
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Except for the tip of the umbo, the valve is covered with spine-bases,
somewhat elongated, of moderate size, arranged subquincuncially, and bearing
rather fine erect spines. Interspersed irregularly among them are nodular spine-
bases, not elongated, bearing coarser, very erect spines. These are more numerous
on the marginal areas. The size of the spine-bases and spines slightly decreases
anteriorly. Numerous faint growth-wrinkles are also discernible.

The brachial valve is subquadrate, transversely oval. The visceral disc
is flat with a slight median fold. The margins are upturned, smoothly geniculated
to the front; but the trail would be small. Over the visceral dise, the valve is
covered with faint elongate pits, in a radiating quincuncial fashion corresponding
to the spine-bases on the other valve, with fine ereet spines interspersed between
them. The margins bear crowded fine erect spines, irregularly arranged. There
are a great many faint growth-wrinkles. The straight hinge-line bears a central
triangular extension which fits into a corresponding notch in the other valve.

The holotype, an extremely well preserved pedicle valve, shows no internal
features. These, now described, are based on other specimens which, so far
as pedicle valves are concerned, are considered of the same species beyond
reasonable doubt. This statement would apply with less certainty to brachial
valves since none was found conjoined to the pedicle valve. The brachial valves
from which the following description of the internal features has been drawn were,
however, found in intimate conjunction with the pediele valves and could not
belong to the pedicle valve of any other species found in the same formation.
For this reason it is felt that the deseription is a true one for this species.

In the brachial valve the adductor musecle impressions are coarsely dendritie,
elevated, and occupy large lozenge-shaped areas in the posterior third of the
valve. Kach area is separated by the narrow, erect, median septum which arises
a short distanee from the hinge-line and gradually becomes less accentuated,
terminating at the point of upturning of the anterior margin.

The brachial impressions arise at the anterior end of the adductor
impressions, and run parallel to the hinge-line almost to the edge of the viseeral
dise, then curve smoothly towards the front, following the edge of the visceral
dise for about 7 or 8 millimetres, then recurving to form, in all, two-thirds of a
circle, terminating abruptly.

The anterior and antero-lateral upturned margins are covered with nurerous
forward-projecting pustular spines closely crowded. The areas either side of
the adductor musecle impressions bear numerous fine pits.

The hinge-line is thickened and shows a narrow area, completely internal.
The cardinal process is extremely variable in shape. At one extreme of varia-
tion it is somewhat reminiscent of the process of Dictyoclostus (see Sutton and
Summerson, 1943, pl. 54, figs. 2-8). At the other, it is closer to the Taenio-
thaerus-type. In the first examples, of the Dictyoclostus-type, its base is
essentially a thickened truncated triangular plate, the sides of which go off
parallel to the hinge-line as marginal ridges which soon become broad and
ill-defined. Its base merges into the general surface of the valve, the median
septum not contributing to the formation of the proeess. The termination is
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trilobed ; from dorsal and ventral aspects the central lobe is slightly larger than
the laterals, which are at right angles to it. On the ventral side the lateral lobes
continue anteriorly as short nodes or ridges a few millimetres in length, running
parallel to the median septum and separated by a deep suleus. The lobes are
smooth in ventral aspect, but their dorsal sides show strongly marked growth
lamellae. The whole process projects in the same plane as the brachial valve.

In examples of the ZTaeniothaerus-type the process projects further
posteriorly (but still in the plane of the brachial valve) than does that of the
Dictyoclostus-type; the ridges giving rise to the lateral lobes are more accen-
tuated with a deeper suleus between, but hardly extend on to the main body of
the brachial valve; and the lateral lobes are smaller and parallel to the median
lobe rather than diverging from it. There are gradations in shape between these
two extremes.

In the pedicle valve adductor impressions are situated in the middle of the
shell. They are extremely elongated, widening towards the front, oval, dendritic,
converging slowly anteriorly, raised, and separated by a short depression. The
diductor impressions are linear, striate, occupying a broad band either side of
the adductors, and do not extend laterally to the margins. The rest of the
interior is smooth.

Variation within the Species: The general shape and ornamentation seem
fairly constant features in this species. The variation in the cardinal process
has already been described. The area, though always small, ranges from prac-
tically indiscernible to about 2 millimetres in height, extending across half the
width of the hinge. The cicatrix of attachment is only rarely seen.

Comparison with other Species: Aulosteges baracoodensis Etheridge fil. has
a close superficial similarity to this species, chiefly in outline and ornamentation.
1t is, however, much less convex in profile, the visceral cavity much thinner, and
the spines more erowded and elongated. More obvious points of difference are
the much larger area and the very differently shaped cardinal process of A.
baracoodensts.

T. srwinensis differs from T. miniliensis sp. nov. in being proportionately
wider, with a shorter hinge-line, more regular median sinus, an area smaller in
the average, and finer ornamentation of suberect to erect spines. The cardinal
process of T'. miniliensis, although variable, never approaches a shape reminiscent
of the Dictyoclostus-type, as it does in T'. trwinensis.

T. sp. ef. subquadratus (Morris) is larger and more convex than this species,
has steeper lateral flanks, and has the swollen umbonal shoulders absent in this
species. The ornamentation of 7. sp. cf. subguadratus also seems to be coarser.
T. subquadratus (Morris) differs in the same features.

No species from other areas appear to merit close comparison with 7.
wrwinensts. Krotovia meeks Dunbar and Condra (1932, pl. 21, figs. 7-8) has a
rather similar type of ornamentation of numerous, fine irregularly distributed
spines, but differs in most other characters, as does also the form described as
Productus tenurtuberculatus Barbot by Netschajew (1911, pl. 3, fig. 6).
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The muscle scars in the pedicle valve are reminisecent of Strophalosia
horrescens var lata Netseh. (1911, pl. 5, fig. 42).

Remarks: Because the cardinal process approaches closely that of Taenio-
thaerus, because of the presence of a small area, and because the ornamentation
differs only in degree from that typical of T'aeniothaerus, this species has been
assigned to Taemtothaerus. Nevertheless, it has close morphological afiinities
with Pustule. The specific name derives from the Irwin River, on which the
holotype locality is situated.

Material: Twelve specimens, including two casts, most of them distorted
but well preserved. :

TAENIOTHAERUS MINILIENSIS Sp. NOV.
Pl. 12, figs. 7-11; pl. 13, figs. 1-9; pl. 14, figs. 1-8.

Holotype: U.W.A. 34445, west side of syneline, south bank of Minilya River,
west of Coolkilya Pool, Carnarvon Basin. Lower part of Wandagee Formation.

Paratypes: U W.A. specimens Nos. 27116, 27134, 27384, 27406, 27406a,
27408, 27454 ; north-east side of syncline, north bank of Minilya River, west of
Coolkilya Pool. 27254a, 27328, 27358, 27545, 33,023 ; west side of syncline, south
bank of Minilya River, west of Coolkilya Pool. Lower part of Wandagee
Formation. 27600, east side of syncline, south bank of Minilya River, west. of
Coolkilya Pool. 22712, 33001; from same syncline as above specimens, but exact
locality doubtful. All the above paratypes occur in the lower part of the
Wandagee Formation and their general locality is the Carnarvon Basin.

Diggnosis: Taeniothaerus-speeies of large size, variable in size of area.
Ornamentation of medium to fine spines, essentially quincuncial in arrangement,
tending to become finer towards the margins. " Large spines on alar extremities.
Cardinal process very large, trilobed, inclined to plane of brachial valve. A
speeies exhibiting great variation in its features. Distinguished from 7. sub-
quadratus (Morris) by finer ornamentation, larger area, less swollen umbonal
shoulders.

Description: Dimensions of some of the type specimens are—

— 34445, 27116. 27384. 27358, 27406. 27254a.
Length of hinge-line .. . .. 66 63 54 58 27 51
Width . .- .. .. 74 91 78 76 64 70
Length . . .. .. 74 91 83 83 68 73
Curvilinear length . .. .. 132 139 138 137 108 110
Depth . .. . .. 35 37 38 41 27 34
Trail .. . o .. 13 21 17 - 6 20

This species is exceedingly variable in its characteristies, so much so that
it is diffieult to make positive, clear-cut definition of many features. The discus-
sion on the variation in the species is therefore an important part of this
description.
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Specimens are mostly very large, massive, subquadrangular to a little
elongated in outline, with thick shell wall. The pedicle valve varies from
moderately convex to globose, usually most convex over the posterior portion,
anteriorly tending to flatten out. Transversely, the valve is highly arched,
flattened medially, the flanks usually steep, the margins tending to be splayed
out. A median sinus is usually present in most specimens. It is usually broad
and weak, most accentuated over the middle, leaving the anterior margin slightly
indented. The lateral and antero-lateral margins are irregular owing to the
presence of radial corrugations, which are reflected internally. The straight
hinge averages about three-quarters of the greatest width, which oceurs across
the middle. The ears are sometimes prominent but not sharply delimited from
the rest of the shell. The alar angles are approximately right-angles.

The umbo is prominent but varies considerably in shape. It may be
slightly incurved, but not deformed, barely projecting above the plane of the
brachial valve; or it may be very large, distorted, projecting high above the
hinge. Most specimens have an area generally slightly concave and extending
three-quarters to the whole width of the hinge. - Its height and size vary with
the nature of the umbo. If the umbo is not distorted the area is low, undeformed
and triangular in shape. If the umbo is high and deformed, the area over the
central part of the hinge is also high and deformed along with the umbo, but
the lateral extremities remain low and narrow. When well preserved it is marked
with cross-hatched striations and has a ridge-like pseudodeltidium extending
from the tip of the umbo to the apex of a triangular-shaped notch, into which
fits a corresponding extension of the brachial valve. The shape and size of the
pseudodeltidium and noteh vary with the nature of the umbo.

The brachial valve is flat over the main portion of the visceral region with
a slight median fold commencing midway over the visceral dise and increasing
slightly towards the anterior margin. It is never very prominent. The valve
is geniculate, lateral margins also being upturned. The abruptness of genicula-
tion varies; in most specimens the geniculation is pronounced but gradual,
though in a few it may be almost a right-angle. The trail is well developed,
sometimes measuring over 3 centimetres long. The ouiline of the brachial
valve varies with that of the pedicle valve, being more elongated in some
specimens than in others.

The pedicle valve is ornamented by spines, growth-wrinkles, and the radial
corrugations already mentioned. The spine-bases over the posterior third of the
valve are of medium size, a little less than a millimetre in diameter, slightly
elongated, between 20 and 30 occupying an area of a centimetre square. Towards
the anterior, and particularly over the extreme marginal areas, the spine-bases
become finer and more numerous. This transition may be sharp or gradual,
usually taking place just before the edge of the visceral dise. The spines given
off are suberect to reclined. The arrangement is fairly regularly quincuncial.
The alar extremities bear numerous coarse undulating spines, which in some
specimens are over 3 cm. long. In life they would have been longer. They
curve backwards in a postero-lateral direction and are occasionally ventrally
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inclined. The area immediately around the tip of the umbo is free of spines.
Growth wrinkles are usually only faintly defined, becoming closer packed in
old age. The radial corrugations are present on the lateral flanks, rarely more
than four to each flank.

The brachial valve bears numerous pits corresponding to the spines on the
pedicle valve, resulting in a “machined ” appearance, the result of the quin-
cuncial arrangement of the pits. From the middle of the visceral disc outwards,
spine-bases are interspersed between the pits, rather smaller than those of the
pedicle valve. Growth wrinkles and the reflection of the radial corrugations
correspond to those of the pedicle valve.

In the brachial valve a prominent median septum extends from the base
of the cardinal process almost to the point of geniculation. It is high and
narrow. The adductor muscle impressions lie one on each side of the median
septum, the posterior border being about 1 em. from the base of the cardinal
process. They are oval to triangular in shape and tend to be depressed anteriorly.
In some specimens they are more deeply incised than in others. From the
anterior margins of the impressions the brachial impressions arise. They
are hook-shaped and at first run parallel or at a slight angle to the hinge,
almost to the edge of the visceral dise, then curve parallel to the edge in an
anterior direction, and finally swing back towards their starting point, terminat-
ing about 1 em. away, to give the hook-shaped termination,

The shell is thickened a few millimetres in from the hinge-line, leaving a
narrow ledge along the hinge. The thickening is accentuated over the posterior
borders of the adductor muscle impressions, resulting in the depressed appearance
of the posterior margins of the adduetor impressions already referred to. On
either side of the median septum the thickening gives rise to two pronounced
ridges, separated by a deep sulcus, to form the base of the cardinal process.
This lies about 5 mm. in front of the hinge. The ridges continue parallel in a
posterior direction, inclined to the plane of the brachial valve at a varying angle
of more than 20 degrees, but less than 40 degrees. The sulcus gradually becomes
less pronounced towards the point of lobation, which is well behind the hinge.
The lobation is complex, trilobed, tending to be quadrilobed if the median suleus
persists as a faint indentation. From the dorsal aspect it is trilobed, the striations
of growth being very plain, and is buttressed by the triangular extension of the
hinge of the brachial valve. Lateral lobes are well separated from the median
lobe, but the amount of this separation varies. In some specimens the lobes
are somewhat crenellated. The proeess may be up to 18 mm. long overall, up to
5 mm. wide across the middle, and more than 7 mm. wide across the lateral
lobes. The details of lobation vary considerably but the structural plan is always
the same.

The anterior and antero-lateral portions of the valve, from just before the
point of upturning of the margins and over the trail, are covered with numerous
forward-projecting spiky pustules, which ave coarsest over the geniculated
area and finer towards the extreme margins. The rest of the interior is smooth.
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In the pedicle valve the adductor muscle impressions are situated in the
posterior third of the valve. They tend to be elevated and are rather more
elongated than those of the opposite valve. The radially striate diductor
impressions oceupy broad swathes, one on each side of the adductors, but extend-
ing farther towards the anterior margin by several centimetres and laterally
almost to the margins. The edges of the visceral disc and the trail have
elongated spiky pustules similar to those of the brachial valve.

Variation in the Species: The umbonal and hinge-line features show most
variation in this species, other features varying in harmony. The variation in
these features is described in terms of two groupings, largely to overcome the
difficulty of describing what is essentially a continuum. The two groups
represent two maxima (in number of specimens), but it must be emphasized
that there are many specimens which establish a gradation between them.

In the first of these groupings the umbo is high, nearly always distorted
and twisted, attenuated, blunt or pointed, projecting well above and behind
the hinge-line, rarely inclined over it. With this distortion of the umbo the
pedicle valve is also distorted, the median sinus rather narrow and often inter-
rupted, the umbonal region not swollen. The valve is most convex over the
middle portion. The middle portion of the avea is high, often deformed and
unequally developed each side of the pseundodeltidium. It is slightly concave,
often with a tendency to recurvature of the cardinal margin. The pseudodel-
tidium is narrow, rarely more than a millimetre wide, parallel-sided, and often
twisted. The triangular noteh is usually high and narrow, 2-3 mm. wide and
2-5 mm. high. Young specimens have the same features less developed.

In the second group, the umbo, while still prominent, is much less out-
standing than in the first group. Tt is generally slightly incurved, not over-
hanging the hinge-line, blunt, not twisted or distorted, projecting only a little
above the plane of the brachial valve. The umbonal region is swollen so that
the region of maximum convexity of the pedicle valve is more posterior than
in the first group. The pedicle valve is not distorted, but tends to be more
elongated, as coes the outline of the brachial valve. The area is small, concave,
triangular, extending from three-quarters to the full length of the hinge, and
is rarely more than one-eighth high as wide. The ridge-like pseudodeltidium
is short and narrow, the triangular notch wider in comparison with that of the
other group.

Very many specimens have a cicatrix of attachment still preserved. This
is always strongest on those specimens of the first group which have high dis-
torted umbos and distorted shells. The wide range of variation in umbonal
and allied features can probably be explained in terms of the natuve and length
of time of attachment of the young shell.

Other features, common to the whole range of specimens, show fairly wide
variation. The size at maturity varies markedly, the largest having dimensions
one-third as great again as the smallest. This variation is not exeeptional, but,
in this species, strikes the eye. The ornamentation is essentially the same.
Some specimens have a more regular quincuncial arrangement of spine-bases
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than others. The most outstanding variation in ornamental features, however,
is that of the transition between relatively coarse spine-bases over the major
portion of the visceral disc and the finer spines on the margins. In some
specimens the transition is abrupt and the difference in size marked. In others
the transition is very gradual. Others are intermediate in this respect.

Internally the two features showing most variation are the cardinal process
and the adductor muscle impressions. The cardinal process is always essen-
tially trilobed, tending more in some specimens than in others to become quadri-
lobed. It varies in size, some examples being rather squat and massive, others
long and attennated, and also in the complexity of folding of the lobes. In
the more massive type the lobes tend to be more divergent from the median
lobe and more crenellated than in the longer type. Variation in the adductor
muscle impressions seems to be quite haphazard. As already mentioned, the
shape may vary from oval to triangular, and in some specimens the impressions
may be more deeply incised than in others.

Comparison with other Species: This species differs from the type species,
Taeniothaerus subquadratus (Morris), and from its varieties (Il 1950),
which oceur commonly in the Permian of Eastern Australia, insofar as the
ornamentation is finer, the spines more numerous, and the area larger and
more persistently present.

0dd specimens of A. ingens Hosking may resemble 7'. minsliensis, but can
be distinguished by their smaller size, relatively larger area, more frequent
distortion, and coarser ornamentation, the spine-bases also being less regularly
arranged than in 7. minsliensis.

From both 7. permiztus Reed-and T. drenensis Reed (1982, p. 12, pl. 1,
figs. 1-4; pl. 2, figs. 1-3; pl, 4, fig. 1; and p. 14, pl. 3, figs. 1-3 respectively) it
is distinguished by its much' finer ornamentation. The same criterion dis-
tinguishes 7. notabilis Reed and 7. cotter: Reed (1944, p. 75, pl. 16, fig. 1;
and p. 75, pl. 15, figs. 8, 4, 7) from 7. miniliensis. None of the above Indian
species shows the prominent transition in size of spine-base so characteristic
of the local species.

It can also be compared with the form described by Netschajew (1911,
German summary, p. 147, pl. 7, fig. 1) as Strophalosia sp. ind. No. 5. This is
a brachial valve which shows the same essential features, except that the cardinal
process (which has apparently suffered in preservation) is of a rather different
shape. Without the pedicle valve it is Impossible to make an adequate
comparison, but the brachial valve is very similar to that of 7'. miniliensis.

Some of the figures used by Netschajew to illustrate the species Strophalosia
fragies (actually an Awulosteges sl.) under the variety mames “longa” and
“lata”, and also the species S. longa are very similar in shape and outline to
T. maniliensis, differing mainly in details of ornamentation (see Netschajew,
1911, pl. 4, fig. 9; pl. 5, figs. 7, 10; pl. 6, figs. 1-3). The range of variation
shown by the figures of 8. fragilis is strikingly similay to that of 7. minsliensis.
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Remarks: The great range of variation exhibited by this species cannot be
over-emphasized. Without the full range of specimens (over 500) it would be
quite excusable to consider that there were two or three distinet species present,
each represented by a number of odd variant specimens.

It has already been mentioned that the collection can be divided roughly
into two groups, each representing a more or less distinet variational trend.
Tt was also mentioned that intergrading specimens linked these apparent trends
in variation. Detailed stratigraphieal collecting may show that the groups are
a real expression of a split in variation—of the formation of an incipient sub-
species from the old population. The only objective evidenee in support of this
hypothesis is that formations higher in the sequence than the Wandagee
Formation (from which the bulk of the collection ecame) vield mostly specimens
of the first group—that with large distorted umbo, large high area, and of a
larger size than those specimens of the other group.

Pending the detailed stratigraphical analysis of this population the
hypothesis cannot be seriously discussed. Against it are the faets that variant
specimens representing all extremes of variation can be collected together in
many localities of the Wandagee Formation; that there are intergrading
specimens between the two obvious extremes of variation; and finally that the
nature of the isolating mechanism, necessary to confirm such a trend in variation
as a subspecies, cannot be ascertained. The collection has been described, then,
as representing the one species.

The specific name is derived from the name of the prominent physiographic
feature, the Minilya River, near which the type-locality is situated.

Material: Over 500 specimens, many excellently preserved, showing full
details of internal and external features.

TAENIOTHAERUS sp. aff. MINILIENSIS sp. nov.
Pl. 14, figs. 9-11.

Material: One specimen, U.W.A. 34446, from top of Zone of Calceolispongia
abundans, east limb of Minilya syncline, Minilya River, Carnarvon Basin.
Wandagee Formation. Possibly U -W.A. 27406¢, north-east side of same syncline,

north of Minilya River, west of Coolkilya Pool. Same general area and
formation.

Description: Dimensions of the two specimens are—

— 34446, 27406¢.
Length of hinge-line .. .. N, .- . 49 47
Width . .- 57 59
Length .. .. .. .. .. .. 58 60
Curvilinear length . .. i .. . 93 92
Depth .. .. .. .. .. .. .. 28

Trail .
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The specimens are similar in shape and form to Taeniothaerus maniliensis,
but differ from it in several rather important details. Thus, the median sinus is
mueh more pronounced than in that species, increasing in depth towards the
margin so that the shell takes on a bilobed appearance. Corfespondingly the’
median swelling on the brachial valve is more pronounced. The umbo is more
attenuated, erect, with the tip a little overturned and showing traces of a
cicatrix of attachment. The area is ouly a little concave, less than that in
T. miniliensis, and does not extend the width of the hinge-line. TIts height is
one-quarter the width. The pseudodeltidium is narrow, and an inverted V in
cross section.

On the pedicle valve the ornamentation of spine-bases and growth wrinkles
follows essentially the same plan as does that of 7. minaliensis, but the spine-
bases are more sparse and much more elongated, bearing semi-erect spines. The
spine-bases are rather coarse, about fifteen to the square centimetre over the
middle part of the pedicle valve. The arrangement is radiating quincunecial,
coarser spine-bases giving way to fine spine-bases over the latest growth stages.
The growth wrinkles are more accentuated than is usual in specimens of
T. mimiliensis. The ears are not so well developed as in that species, but this is
probably due to a difference in relative maturity. They bear coarse crowded
spines which persist farther along the hinge towards the umbonal flanks than
is the case with T'. miniliensis. The brachial valve is ornamented with elongated
pits, corresponding to the spine-bases on the pedicle valve, and with fine
clongated spines interspersed between. There are growth wrinkles as on the
pedicle valve.

Remarks: Although the differences between this species and I'. miniliensis
are pronounced, they are not so pronounced as to exclude the remote possibility
that further specimens of the latter species may extend its range of variation
to embrace the present form. For this reason, and also because there are only
the two specimens, no new name has been proposed,

TAENIOTHARRUS sp. ef. SUBQUADRATUS (Morris).
PI. 15, figs. 8-12.

Material: Includes U.W.A. 32316a, 34450, 34451, 34452, 34453 ; about 100
feet west of Glendevon Homestead, near Woolaga Creek, east of Mingenew
township. Fossil Cliff Formation. ‘

Description: The shell is large and massive, the pedicle valve being highly
convex, the brachial valve flat, or slightly convex initially over the visceral
region, with geniculated margins, forming a large trail. Dimensions of typical
specimens, including the trail, are—

_ -
— 34450. 32316a. 34451,

Length of hinge-line .. .. .. 50 48 48
Width .. .. .. 63 72 65
Length .. .. .. .. 71 78 71
Curvilinear length .. .. .. 135 (approx.) 140 130
Height .. .. . .. 36 .. ..
. _— —
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The pedicle valve is most convex over the posterior third, particularly over
the umbonal shoulders, thereafter flattening out. Transversely it is a high arch,
flattened medially, with very steep wall-like flanks. The flattened median
portion persists over the anterior two-thirds of the valve and is indented by a
prominent median sinus which begins just after the umbo, is most pronounced
over the middle (up to 4 mm. deep), then becomes more shallow but still indents
the anterior margin slightly. The umbo is pointed, flattened, may be deformed,
and projects only slightly above the hinge. Although the umbo proper is
comparatively small, the umbonal region is very much swollen, forming
prominent umbonal shoulders, resulting in the wall-like steepness of the flanks.
The flanks remain sub-parallel over the visceral portion, then splay out
gradually over the trail, particularly on the lateral margins.

The hinge is two-thirds to three-quarters the greatest width, which lies just
anterior to the middle, and is separated from the umbo by a small concave
triangular area which extends across half to two-thirds of the hinge. It is
pierced at the centre by a triangular notch into which projects a corresponding
extension of the brachial valve. One specimen showed this notch as equilateral
in shape with the lateral edges.curved. The pseudodeltidium was not preserved.

The brachial valve is slightly convex but only over the initial portion. This
convexity passes into a median fold, not at all pronounced, which corresponds to
the median sinus in the pedicle valve. Margins are slightly upturned.

Very little of the ornamentation is shown by any specimen. From what
can be seen it seems to be very like that of T'. miniliensis, perhaps a little coarser.

The internal features shown are also similar to those of 7. miniliensis except
that the cardinal process, revealed in two specimens, seems to be less massive and
therefore more like that of Awulosteges baracoodensis.

Comparison with other species: Of all Taeniothaerus-species in Western
Australia this is the one which comes closest to the type species 7. subquadratus
(see pl. 15, figs. 1-7). The shape, particularly in the swollen highly convex
umbonal shoulder, flattened median portion as seen transversely, and the
gradually splayed out margins, is very much the same as that shown by the
lectotype. Correspondingly it is also very similar to the Queensland subquad-
ratus (see Hill, 1950), particularly to Hill’s variety cracowensis. If further
specimens show the ornamentation to be the same, then the specific identity of
this species with subquadratus wonld appear to be certain.

This species is distinguished from 1. miniliensis, the closest of the Western
Australian species, by the heavy, more globose umbonal shoulders and the dis-
tinetive median flattening of the pedicle valve.

Material: Six specimens, all limonitic easts, showing some internal features,
but with little of the ornamentation preserved.
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TAENTOTHAERUS TEICHERTI Sp. NOV.
Pl 16, figs. 1-8; pl. 17, figs. 1-5.

Holotype: C.P.C. 1008, 3 mile east of Calvary Spring (or Calvary Gap
Well), 7 miles south-east of Mooka Station Homestead, Wandagee area, Carnar-
von Basin. Lower part of Wandagee Formation.

Paratypes: C.P.C. 1009, 1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017;
U.W.A. 34447, 34448, 34449 ; same locality and horizon as holotype.

Diagnosis: Taeniothaerus-species distinguished by very large massive shell,
widest at hinge, and ventral cardinal area very small or—more usually—absent.
Brachial valve with large lateral swellings internally. A very variable species.
Distinguished from T. maniiensis sp. nov. by wider hinge, smaller arca, if
present at all, and more prominent internal swellings in brachial valve.

Description: Dimensions of typical specimens are

|

— | 1698. 1009. 1010. 1011, 1012,
Length of hinge-line .. .. oL .. 160 104 91 101 87
Width .. .. .. .. .. 88 97 84 80 76
Length .. .. .. .. .. 90 84 80 53 74
Curvilinear length .. .. .. .. 145 140 110 95 ..
Height .. .. .. e 45 30 .. ..
Trail .. .. .. .. .. 37 30

Members of this species are large, massive, the visceral cavity being plano-
convex. The outline is subquadrangular to quadrangular, widest at the hinge,
which is straight. . The pedicle valve is strongly eonvex, most strongly so just
posterior to the middle, thereafter flattening out and curving abruptly to the
lateral margins so that the flanks are steep, although not wall-like. Kars are
present and well developed, but not sharply defined from the rest of the shell.
The umbonal region is globose, so that a significant part of the visceral cavity
lies posterior to the hinge, assuming the plane of the brachial valve to be hori-
zontal. The umbo itself is rather large, pointed, incurved, slightly overhanging
the hinge-line, with the umbonal ridges rounded. A very small area is rarely
present, being obscured generally by the umbo. When present it is low, tri-
angular, concave, about 10 mm. wide and 4 mm. high. The hinge is pierced by
a large equilateral triangular notch, about 4 mm. wide at the base, and partially
filled by a corresponding extension of the brachial valve. A median sinus com-
mences just anterior to the umbo, is most accentuated over the visceral disc,
where it is about 14 mm. wide, 4 mm. deep, and tends to die out towards the
anterior margin, leaving it enly slightly indented.

The brachial valve is flat over the visceral region, often with a slight
median swelling or ridge; this arises about one-third of the distance across the
visceral dise, increasing in prominence by slight degrees to the anterior margin,
where it produces a shallow fold, corresponding to the median sinus in the
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pedicle valve. The valve is usually geniculated, the abruptness of geniculation
varying from specimen to specimen. Some are smoothly curved and some so
abrupt as to form a right angle. The upturning of the margins begins just in
front of the ears, so that from above these arve hollowed out and concave, and
correspondingly convex from below. In most specimens, even those where the
upturning of the margins is slight (younger specimens), the anterior and
antero-lateral margins are enormously thickened and lamellose, a thickness of
5-8 mm. being common., In some mature, perhaps gerontic, specimens, the
margin is recurved to give a narrow flange most pronounced at the anterior.
The appearance of one specimen suggests that the pedicle valve corresponded
with this recurvature of the margin. ‘

The ornamentation is of spines and many growth wrinkles. On the pedicle
valve the surface is covered, except for a small area around the tip of the beak,
with medium-coarse spine-bases, about 1 mm. in diameter, very elongated and
flat-lying, and fairly closely packed, between fifteen and eighteen in a square
centimetre over the middle portion of the valve. The distribution seems to be
fairly even over the main body of the valve, with finer and closer packed spine-
bases over the anterior portion, and more coarse and erect ones on the ears.
The arrangement is radiating quincuncial. The elongation of the spine-bases
continues below the surface of the shell, the roots pointing anteriorly, so that
partially decorticated specimens are striated. Growth wrinkles are prominent
and follow the usual arrangement—widely spaced initially, becoming -closer
spaced at the point of geniculation, and closely packed, lamellose, on the extreme
margins.

On the brachial valve the ornamentation is of pits, corresponding to the
spines on the pedicle valve, with a similar arrangement, giving a “ machined ”
appearance to the surface, and also spines and growth wrinkles. The spines are
smaller, on the whole, than those on the pedicle valve. They range from fine,
about 3 mm. in diameter, to minute, all variant sizes occurring indiseriminately
together. Growth wrinkles are close-packed on the margins, as with the pedicle
valve, resulting in an extremely thick margin,

The internal features of the brachial valve are shown extremely clearly by
about 30 specimens. The adductor muscle scars are dendritic and enclosed in
a roughly rhombic-shaped depression, which is deepest posteriorly and bisected
by the median septum. This is well developed, arising at the base of the
cardinal process, though not part of it, and continuing almost to the point of
upturning of the valve. From the base of the adductor impressions, near the
median septum, the brachial impressions begin, running parallel to the hinge
almost to the edge of the visceral dise, then curving parallel to the antero-
lateral margin for a short distance (between 9-12 mm.) and finally curving
once more to form, overall, a smoothly curved hook or ladle shape. The termina-
tion points posteriorly, failing to reach the starting point by about 5-7 mm.
The area nearly enclosed by the impressions is a little depressed, roughly
circular, the diameter being of the order of 12 mm,
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The cardinal process is nearly always massive, even for the size of the shell.
It begins as two ridges about 8 mm. from the hinge. These run parallel or
slightly converging, separated by a deep sulems which, just before lobation,
becomes a deep pit, then continues as before but less defined. The lobation is
most pronounced but rather variable. The dorsal aspect is always trilobed, the
growth striations visible. The lateral lobes from this aspect are generally large
and well separated {rom the median lobe. The angle of separation ranges from
a right-angle to about 45 degrees, the larger the lobes the greater being the
separation. From the ventral aspect the process presents a more varied appear-
ance. Most specimens are trilobed, tending towards quadrilobation owing to
the continuation of the median sulcus almost to the tip of the median lobe. In
a few specimens the median lobe is definitely divided in this way to give a
four-lobed process. The shape of the lobes varies: some are sharp and pointed,
others rounded and blunt. The process extends behind the hinge for 8 to 14
mm.; the angle of inclination to the plane of the-brachial valve ranges between
20 and 40 degrees. The dorsal surface is buttressed by the triangular extension
of the cardinal margin.

The median septum may continue into the base of the process but is very
often separated from it by a slight depression.

The ridges from which the process arises continue anteriorly each at an angle
of 30 to 50 degrees to the hinge, for a distance of about one centimetre. KEach
ridge then widens out to form triangular-shaped platforms; the posterior edge
of eaeh triangle is parallel to the hinge but separated from it, leaving a marginal
ledge along the hinge 3 to 8 mm. wide. The lateral side of the triangular plat-
form goes smoothly into the lateral margin, but the anterior apex sometimes con-
tinues as a marginal ridge, which in a few old specimens may even continue as
indistinet and indented ridge all round the margin of geniculation. In most
specimens it persists for only a few millimetres. The remaining diagonal side
of the platform forms the raised borders of the posterior edges of the rhomb-
shaped area containing both adductor impressions. In some specimens this raised
border may persist part way around the anterior sides of the muscle areas. In
describing this feature the word ¢ platform’ has been used, and in this sense
it applies to all specimens. In most specimens, however, it is more than a plat-
form, being rather a rounded swelling which may reach a very great size, really
the most outstanding characteristic of the species. Usually the stronger the
geniculation the more prominent are these swellings and, in turn, the more
massive is the ecardinal process. The most pronounced swelling stands 8 mm.
above the plane of the valve. It is made up of solid shell material, not being
reflected as a depression on the external surface.

From a point a few millimetres before upturning, the rest of the surface,
except the extreme margin, is covered with coarse pustular spines, projecting
anteriorly. They are most prominent along the line of sudden upturning of the
valve.

In the pedicle valve the muscle impressions are situated in the posterior
quarter of the valve. The adductor impressions are not shown, but from the posi-
tion of the diductor impressions they are probably more narrow and elongated

106



than in the brachial valve. The diductors are radially striate, occupying very
large areas; they extend laterally almost to the alar regions, anteriorly over
half the wisceral region cavity, and are separated by a narrow corridor about
one centimetre wide, in which lie the adductor impressions. The very large size
of the diductor scars is in keeping with the massive brachial valve and its eardinal
process.

Variation within the Species: The difference in development of the cardinal
process has already been outlined. The internal lateral swellings vary in size
from specimen to specimen. In a few specimens they are high and rounded, of
solid shell material up to 8 mm. thick, but in a few others they are only one or
two millimetres thick, flattened and platform-like. Most are gently rounded and
4 to 5 mm. in thickness.

As mentioned in the description proper, the margins, particularly at the
anterior, are very often thickened. This is most noticeable in the brachial valve.
Measured at the anterior the thinnest valve was 3 mm. and the thickest 9 mm.
Where the valve is thicker at the margin there is a tendency for it to be very
thin over the area covered by the brachial impressions and that between them.

These three features vary in harmony, as might be expected. Where there
Is a very massive cardinal process the swellings are large and the margin
thickened, and the converse is largely true. Variation in these features may
possibly be influenced by some local ecological factor, in which the amount of
easily obtainable ealeium carbonate would play a part. However, the ability to
use and position this calecium carbonate cannot be regarded as altogether a
localized ecophenotypic phenomenon.

The hinge-line of the specimens, and hence the plan outline, vary in length.
Only one or two specimens show a hinge-line a few millimetres less than the
median width. In the rest it is wider, and in some specimens, notably C.P.C. 1011,
1t is one-quarter again as wide as the median width. The average is one-eighth
as wide again. Variation in this feature seems to be independent.

Comparison with other Species: T. teicherti is a highly individual species
not likely to be confused with any other of the local species. T. miniliensis sp.
nov. probably comes closest, but differs in its consistently shorter hinge-line, larger
cardinal area, and usual absence of the internal lateral swellings. On the average,
T. mimiliensis has a less massive eardinal process and is smaller in size. With
respect to the internal swellings the brachial valve described as Strophalosia sp.
ind. No. 4, by Netschajew (1911, p. 147, pl. 7, fie. 3) may be compared with
T. teicherts.

Remarks: Specimens of this species are very thick-shelled and conjoined
valves are rare. The matrix inside and adhering to the specimens is generally
gritty, unsorted, and often contains quantities of macerated shell material. The
combination of these features indicates that this species might very well have
lived under turbulent near-shore conditions. The very wide hinge-line, ensuring
greater stability, and the variation in features easily affected by the supply of
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available caleium carbonate, one of the many ecological factors which often show
pronounced loeal change in the near-shore environment, further contribute to
this opinion. '

The name is given to honour Dr. C. Teichert, of the United States Geological
Survey, an authority on the Western Australian Permian, who was responsible
for making available the material upon which the above description was based.

Subfamily StroPTHALOSIINAE Schuchert, 1913.

Genus ETHERIDGINA Oehlert emend. Prendergast, 1943.
1887—Oehlert, in Fischer’s Manuel de Conchyliologie, p. 1728,

Type Species: Productus complectens Etheridge fil., 1876, Quart. J. geol. Soc.
‘ Lond., 32, 454, pls. 24, 25.

Diagnosis (after Prendergast, 1943) : Small strophalosiinids characterised
by an adnate attachment to other shells by cementation of a large portion of the
pedicle valve together with adherent or embracing spines. Shape concavo-convex
to plano-convex dorso-ventrally, outline oval, often broader than long, with hinge
less than greatest width. A small triangular area is present on the pedicle valve,
with a narrow pseudodeltidium. A smaller area may also be present on the
brachial valve. There are small teeth and dental sockets. The muscle scars are
non-dendritic. On the brachial valve the ornamentation consists solely of con-
centric undulatory wrinkles. Omn the pedicle valve the spines are coarse and
tenuous, present only on the upturned margins.

Remarks: Species of this genus oceur in the Carboniferous of Scotland and
North Amerieca, and possibly in the Permian of Western Australia, being first
recorded there by Prendergast in 1943. The shell is always small, and although
varying in its mode of attachment, has a distinetive and characteristic appearance.
In Scotland crinoid stems are usually the host, the spines very elongated and
embracing the stem. More usually, they are cemented by most of the pedicle
valve to the flat surface of other shells (in Western Australia on the brachial
valves of Taeniothaerus miniliensis most commonly), the spines on the margins
being adherent to the host shell. '

The presence of teeth and cardinal areas as characters of the type species
was not fully realized until Prendergast made a close study of the type specimens
(Prendergast, 1943, pp. 52-54). Earlier Dunbar and Condra (1932, pp. 260-262)
proposed a new genus, Leptalosia, which might be regarded as synonymous with
Etheridgina, since it possesses the same essential characteristics as given by
Prendergast in her emended diagnosis of Etheridgina.

Prendergast felt no doubt that the two genera were identical. Although
she had not examined the type species of Leptalosia her argument is convineing,
so that Leptalosia is regarded herein as tentatively synonymous with Etheridgina.

Etheridgina is considered to be related to the Strophalosie-group. Oehlert,
the founder of Etheridgina, referred it to Productus, under the mistaken impres-
sion that it had no area or teeth, and that it was not attached by cementation,
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with accompanying distortion. In 1920 Gregor (p. 535) referred several North
American species of Strophalosia, all small and adnate, to this genus, but by
inference regarded it as a productinid. The presence of areas on both valves,
cardinal teeth, and non-dendritic musele iimpressions are, however, features which
clearly show its relationship to Strophalosia (s. 1) As its species are distinet
and form a morphologically similar group, it is treated here as a full genus,
despite the remote possibility that the main taxonomic feature, the adnate con-
dition, might be an ecophenotypic one. This possibility is usually framed as the
proposition that Etheridgine (or Leptalosia) is really the spats of Strophalosia
or Aulosteges or such forms with attached early growth stages. Only detailed
examination and comparison of Etheridging and Leptalosic species can resolve
this proposition.

So far as the West Australian adnate specimens are concerned, some (but
not all) definitely do not represent the early growth stages of known species of
other genera. These, here deseribed as E. (%) muirwoodae Prendergast, are
attached by so large a part of the shell that detachment must certainly have
resulted in mortal injury. Also, the curvature of the upturned margins is often
very marked and cannot be compared with the initial curvature of any known
local species. Again, the internal features are well developed and characteristiec.
Finally, in no specimen of local species does the cicatrix of attachment lead one to
associate this feature with any of the specimens described here as E. (?)
musrwoodae.

ErarrIDGINA (?) MUIRWOODAE Prendergast.
Pl 17, figs. 6-11.

1914—~Strophalosia sp., Etheridge fil., Bull. geol. Surv. W. Aust., 58, 34, pl. 5, -
figs. 16-18.

1918-—" Strophalosta complecteus”, Bth. fil., Proc. S. Aust. Br. geogr. Soc.
Awst., 18, 253, pl. 40, figs. 11, 12.

1943—Etheridgine muirwoodae Prendergast, J. Roy. Soc. W. Aust., 28, 54,
pl. 6, figs. 14, 15.

Syntypes: Aust. Mus. F.16699, three specimens; figured by Etheridge
(1918) as Strophalosia complectens (pl. 40, fig. 12). Balmaningarra, Mt.
Marmion, West Kimberley District. Noonkanbah Formation.

Lectotype (here chosen): KEntire specimen on Aust. Mus. F.16699, with
conjoined valves.

Topotype: Aust. Mus. F.16812, one pedicle valve, figured by Etheridge
(1918) as Strophalosia complectens (pl. 40, fiz. 11). Same locality and
formation as syntypes.

Other materiel includes: On U.W.A, 27469, 27115a; north-east side of
syneline north of Minilya River, just west of Coolkilya Pool, Wandagee
Station, Carnarvon Basin. Lower part of Wandagee Formation. On 27454 ;
west side of same syncline, same locality and horizon. On U W.A. 34446 ; east
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side of same syncline, same locality and horizon. On C.P.C. 1028;

of Calvary Gap Well, 7 miles south-east of Mooka Station

Carnarvon Basin.. Lower part of Wandagee Formation.

1 mile east
Homestead,

o

Diagnosis: Small adnate species adherent by most of pedicle valve and by
many coarse marginal spines, with area on both valves, cardinal teeth and non-
dendritic musele impressions. Closely resembles K. complectens (Etheridge
fil.), but with thicker shell, more developed areas and teeth. '

Description: Dimensions of some of the specimens are:

— F.16812. TF. 16699, U.W.A. 27469. U.W.A. 27454,
Length of hinge-line 7 8.5 4.5 5
Width .. 7.5 12 7.5 6.5
Length 6 9 6 6
Depth .. .. 2

Additional speeimens obtained since the original description—substantially
that given here—clearly belong to this species, but, as might be expected from
a wider range of material, necessitate a few minor additions and alterations
to the original description. The specimens are all small, the greatest dimension
rarely exceeding one centimetre, the shape sub-quadrangular to transversely
oval, wider than long. They are most often thick-shelled. The hinge-line
varies in length from one-half to seven-cighths of the greatest width. The alar
angles may be squarish, but are usually rounded. The pedicle vaive is fixed
to the underlying host shell. In all specimens obtained, this is another
brachiopod, usually a specimen of Taueniothaerus, Neospirifer, or in the one
instance, the brachial valve of Choneles cf. pratti Davidson. The whole of
the visceral disc is attached; in some instances the area affected may be over
a centimetre square. The lateral and anterior margins, however, are usually
sharply upturned and free of attachment. The attached portion follows closely
the underlying irregularities of ornamentation of the host shell. Thus i1t may
be corrugated, as seen on Neospirifer marcowr (Waagen), or nodular if on a
spinose part of a productinid. The cardinal area is large, considering the
size of the specimens, flat, extending the full width of the hinge, the height
about one-fifth to one-eighth of the width; and, if well preserved, it may show
longitudinal striations of growth. 1t has a large triangular pseudodeltidium
hardly, if at all, raised above the surface of the area. The umbo is rarely
noticeable. If the attached portion includes the umbonal region the area is
perpendienlar to the plane of attachment. If not included, the cardinal
margin is upturned, the area almost parallel to the plane of attachment.

The ornamentation on the pedicle valve is, so far as is known, restricted
to spines. These oceur sparsely along the cardinal margin, nearly all the
spines being distributed around the lateral and anterior margins. The number
seems to vary: in one specimen there are more than twenty, fairly evenly
distributed from one alar extremity anteriorly to the other; in another specimen
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there arc less than a dozen. This may not represent anything like the true
variation in this feature, because of varying preservation. In other specimens
there i a greater concentration of spines on the alar extremities, up to six
spines on each. The spines are coarse, adherent to the host shell, and may be
more than a centimetre in length.

The cardinal teeth are strong, diverging, separated by a semi-ovoid upace,
and slightly eoncave dorso-laterally. Prendergast describes the musele impres-
sions as taking “a tetrahedral form, one apex of the tetrahedron towards the
umbo, and beneath the area. The muscular apophyses are slightly concave,
they appear smooth and divided into a greater and lesser part by a narrow
ridge parallel to and near their anterior margins. The edge separating them
is a thickened ridge simulating a medium septum. The anterior face of the
tetrahedron is narrow, and has curved side edges, due to the concavity of the
apophyses. Any other markings on the inside of the shell have heen
obliterated .

Additional material shows that this deseription is essentially correct,
although in some specimens the musele impressions are not so strikingly
developed as in the specimens upon which Prendergast’s deseription was based.
In one of the new specimens the area in front of the impressions is covered
with numerous minute spikey pustules. Also, the teeth vary in size from minute
to nearly one millimetre long.

The structure of the brachial vaive is lamellose. It may be flat to concave.
In some specimens the initial portion is convex, then reeurves to become flat
or slightly concave over the visceral dise, and upturns marginally. The area
on this valve is smaller than that of the pedicle valve, the height about one-half.
The pseudochilidium is also triangular. Both areas lie in the one plane, the
line of division between them often being faint.

The surface of the brachial valve shows concentric wrinkles, Very numerous
and close-set, over the entire surface, which is undulatory, the wrinkles varying
In intensity. No spines are present on the visceral disc of the brachial valve.
Prendergast states that marginal spines were present because of numerous
marginal pustules. This may or may not be so. In one other specimen the
pustules are there, but they are merely the external reflection of irregularities
in the pedicle valve, which closely follows the spine-bases present on the host
shell.

The cardinal process is relatively large, inclined almost at right angles
to the area. Tt is trifid, blunt, the lobation not marked, the lateral lobes adher-
ing closely to the central lobe. The teeth sockets lie each side of the base of
the process, and ave each bounded to the anterior by a eurved plate arising
from the side of the cardinal process, making an angle with it of about 45
degrees. The plate quickly dies out on the surface of the valve. A very short
median septum is present, separating the musele impressions, which lie close
to the base of the process. They are non-dendritic and are not divided into
anterior and posterior elements. The brachial impressions have not been seen.
Pitting is present over some of the internal surface. Description of these
internal features is after Prendergast (1943).
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Variation in the Species: Variation in the more important features is
described above. This variation is what might be expected from an adherent
form, and is due to the precise manner of attachment. Thus the degree of
upturning of the margins is controlled directly by the size of the area of
attachment. Where this is large the margins may be only a little upturned,
if at all; where smaller, the margins will be steeply upturned so that the pedicle
valve is very highly convex.

Comparison with other Species: As Prendergast stated, it was with some
trepidation that she distinguished this form as a new species, mainly because
her principal specimens had already been referred to E. complectens (the type
of the genus) by the author of that species, Etheridge. It is agreed, however,
that the differences between the two species are sufficiently pronounced to
regard the local form as a new species. The specimens are larger and thicker-
shelled than those of E. complectens; they possess relatively large and well-
developed cardinal areas, strong teeth and characteristic muscle impressions,
in these features being distinet in degree from E. complectens.

Prendergast also considered it possible that this species is really the
adherent form of Strophalosia etheridgei Prendergast, the differences between
them being probable modifications due to the fixed habit of L. muirwoodae.
The main point of similarity (and really the only one) in support of this
possibility is the similarity externally of the brachial valve in the two species.
This is true, except that the concentric lines in the brachial valve of E. muir-
woodee seem more evident than in the other species, but it does not seem
sufficient evidence for supposing them to be habitat forms of the one species.
The procedure of reconciling the radical differences between them by reference
to difference in habitat might just as well be applied to other small species, e.g.
8. prendergastae, and in any case is hypothetical. It seems best to regard
this form as a species distinet from other local species superficially similar.

Remarks: As Prendergast noted, and as contained in the above synonymy,
her specimens were headed S. complecteus in Htheridge’s description (1918,
p. 253), but in the text and description of figures he gave S. complectens.
Almost certainly Prendergast was correct in assuming that the title name was
due to a typographical error.

Matersal: About twenty specimens, conjoined and separate valves.
Brachial valves very rare. In addition there are a great many examples showing
trace and fragmentary specimens.

Genus StropHALOSIA King 1844.
1844—King, Ann. Mag. nat. Hist., 14, 313.
Type species: At present the valid type species cannot be designated; see
Maxwell (1954), and Bryant (1955).
Definition: Shell productoid, small to medium-sized, with shell structure
essentially lamellose. Concavo-convex dorso-ventrally, the pediele valve usually
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rather evenly convex, the brachial valve with upturned margins. Well developed
areas are present on both valves, that of the pedicle valve being larger, pseudo-
deltidium and pseudochilidium being present. Umbo often deformed, with a
cicatrix of attachment, large or small.

Ornamentation of concentrie lines of lamellae, with spines. On the pedicle
valve spines usually cover the whole valve. They may be recumbent or ereet,
coarse or fine, but fairly uniform for any one species, the number varying from
species to species. The arrangement varies from irregular to subquincuncial,
to a disposition in approximate concentrie lines. Brachial valve often bears
spines similar in size, number and arrangement to those of pedicle valve.

In the pedicle valve teeth are present, fitting inte sockets in the brachial
valve. Adductor muscle impressions are vpaired, eclongate, often raised.
Diductor impressions are linearly striate.

In the brachial valve there is a median septum, nondendritic adductor
musele impressions, usually raised, paired, each pair most often further sub-
divided into posterior and anterior parts. Brachial impressions strophalosiinid
"not returning to muscle impressions. Cardinal process essentially trifid, well
developed, compact.

Remarks: Not all Strophalosia-species bear spines on the brachial valve.
The subgenus Heferalosia King 1938 has been erected to accommodate those
forms without spines on the brachial valve. The internal features described are
characteristic of the genus.

Several features show noteworthy variation from species to species within
the genus. Amongst these are the nature and position of the adductor musele
impressions, the nature of the brachial impressions and the size of the cicatrix
of attachment. Variation in all three of these features is probably interknit
and traceable to shell-shape and to the duration and mode of attachment of
members of the genus (see Prendergast, 1943, p. 38; and Maxwell, 1954).

Subgenera: There have been at least six attempts at subdivision of the
genus. These subdivisions have been given the names Bilofing Reed 1944,
Etheridgina Oehlert 1887, Heteralosia King, R.H. 1938, Leptalosia Dunbar and
Condra 1932, Strophalosiella Licharew 1935, Wyndhamia Booker 1929. Hetera-
losia is treatel here as a subgenus of Strophalosia, Etheridging as a genus.
Wyndhamia was proposed as a subgenus of Strophalosia to contain forms with
the adductor muscle impressions undifferentiated into posterior and anterior
elements, and without a cicatrix of attachment. Both Wyndhamia and Branz-
tonie Booker (1929), proposed as subgenera of “ Productus”, arve regarded by
Maxwell (1954) as synonyms of Strophalosia.

Strophalosiella, a subgenus, is deseribed as a Strophalosia with Linopro-
ductus ornamentation. It has areas on both valves and would be regarded as
well-founded were the internal features shown to be strophalosiinid. Bilotina,
erected as a subgenus, was not separately defined. Its definition depends on
the description of the type species. It is difficult to decide just what are con-
sidered to be the distinguishing chavacters. The ouly direct mention is that
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the “cicatrix'of attachment of this valve suggests the genus Strophalosia”
(Reed, 1944, p. 110). It is not certain whether or not there are cardinal areas
and the internal features are unknown. The status of this subgenus is, then,
very doubtful. Strophalosiing, also proposed as a subgenus, has as its type
species Aulosteges tibeticus and is therefore a subgenus of Aulosteges. Lep-
talosia is regarded here as probably synohymous with Etheridgina (see also
Prendergast, 1943).

STROPHALOSIA MULTISPINIFERA Prendergast revised.
Pl 18, figs. 3-14.

1943—~Strophalosia. multispinifera Prendergast, J. Roy. Soc. W. Aust. 28, 50,
pl. 5, figs. 6-8.

Holotype: U.W.A. 20458. Scarp 2 miles east of Christmas Creek Home-
stead, West Kimberley District. Noonkanbah Formation.

Other material: U.W.A. 20456 ; Hill C, south of road, Grant Range, West
Kimberley District. Noonkanbah Formation. 27454 a, b; north-east side of
syneline, north bank of Minilya River, just west of Coolkilya Pool, Wandagee
Station, Carnarvon Basin. Lower part of Wandagee Formation. 34454, 34455,
34456, 34457; 8 miles south-west of Lyons River Homestead, 5 miles west of
shearing shed on east-west fence parallelling main tributary into Binthabooka
Creek, at intersection of that fence and minor tributary. Cundlego Formation.

Diagnosis: Strophalosia-species, of large size, characterized by initial quin-
cuncial arrangement of fine spines, followed by coarse spines tending to lie in
coneentric lines, and by grouping of spines on alar extremities. Probably closest
to S. indica Waagen but larger than this species, and not of elongate outline.

Description: This is a large Strophalosia-species, as can be seen from the
following table of dimensions. Depth could not be measured.

— 20458. 20456. 27454a. 34454, 34455,
Width of hinge . .. . .. 28 28 30 22 26
Width .. .. .. .. .. 42 43 46.2 35 44
Length .. .. .. .. - 37 39 43 34 34
Curvilinear length .. .. .. .. 53 58 68 50 65

The pedicle valve is moderately convex, almost hemispherical, evenly con-
vex, except the lateral and anterior margins, which tend to be steep. A median
depression is present, not sufficiently marked to be termed a sinus. The alar
extremities are flattened, not forming true ears, the alar angles a little more
than right-angles. The hinge-line is straight, two-thirds to three-quarters the
greatest width, which lies across the middle. The outline varies from sub-
cireular to transversely oval, wider than long. The area extends along the
whole hinge, the height about one-eighth the width; it is horizontally striated
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and shows a triangular pseudodeltidium, half as wide as high, hardly raised
above the surface of the area. The umbo is not prominent, blunt, the tip
absorbed by a small cicatrix of attachment.

The ornamentation consists of spines and occasional faint concentric lines
of growth lamellae. The spines are numerous (up to 25 on the middle portion
over an area of a centimetre square), at first rather fine, elongated, suberect
and arranged quincuncially. On the alar extremities they are more numerous,
elongated. Over the anterior third of the valve the spines become much more
coarse, up to a millimetre in diameter at the base, sparser, the bases often very
elongated fo give almost a pseudocostate appearance. They tend also to be
arranged in concentric lines, each line separated by several millimetres. The
spines on the brachial valve are finer than those on the pedicle valve. The
arrangement seems to be similar.

The ornamentation as given here complements and differs from that given
by Prendergast in the original description. Prendergast’s description was
incomplete because the only specimen showing anything of the ornamentation
(the holotype) was rather badly weathered. Over much of this specimen the
spine-bases were so worn that only the punctations of the spines were left,
the true size of the spine-bases not being apparent, nor their elongation. The
new material is well preserved.

In the pedicle valve the teeth are strong, separated by less than two milli-
metres at their beginning, diverging, rounded, concave dorso-laterally. On
either side of the teeth a marginal ridge arises which is contiguous to, but
stepped-down from, the hinge. This ridge persists only a few millimetres past
the alar extremities, but sufficient to make a platform of them, so that the
alar platforms of both valves fit tightly together. Internal casts tend then to
show a more rounded outline than is really the case. The adductor muscle
impressions are elongate, non-dendritie, situated at about omne-third the curvi-
linear length of the valve from the umbo. The longitudinally striated diductor
impressions lie either side of the adductor impressions, but extend further
anteriorly. ’

The brachial valve is geniculate, the geniculated angle almost a right-
angle. The visceral disc is flattish or slightly concave. The alar extremities
are flat, the alar angle a little more than a right-angle. The area corresponds
to that of the pedicle valve, with a pseudochilidium, but is a little smaller.

The adductor musele impressions are non-dendritie, together forming a
transverse rhombohedron, split by the median septum so that each is triangular-
shaped. The anterior margin of each impression is raised, the posterior margin
level with the gemeral surface. Eaeh impression consists of an anterior and
posterior element, the anterior oval-shaped, the posterior tending to envelop
the anterior one. The brachial impressions arise at the lateral edges of the
posterior elements, run antero-laterally almost to the upturned edge, parallel-
ling this to the anterior margin, where they curve in a posterior direetion, each
forming a hook, and terminate level with the anterior end of the median
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septum, each termination having a minor hook, directed towards the middle.
The cardinal process is blunt, extending up to five millimetres behind the hinge,
co-planar with the cardinal area, but inclined at only a small angle to the plane
of the viseeral dise. It is essentially trilobed, the middle lobe xplit by a
sulcus on the ventral side, the lateral lobes not nearly so prominent, mnor
markedly separated from the middle one. It arises from the junction of the
median septum and a pair of marginal ridges. The latter run laterally at a
small angle to the hinge (about 25 degrees) leaving a platform each side of
the process immediately anterior to the hinge, and including also the alar
extremities. The ridges are flattened just anterior to the alar extremities, but
then become prominent once more and meet anteriorly, so encircling the
visceral ‘dise. The surface of the valve embraced by the marginal ridges and
the brachial impressions is sometimes raised, leaving a perimetric ledge. The
median septum is thin, not much raised, extending over two-thirds of the visceral
dise. The rest of the surface is smooth.

Variation in the Species: The number of spines ranges between 20 and 25
in a eentimetre square over the middle portion of the pedicle valve. The outline
varies in keeping with the variation of the hinge-line width. This is most
obvious for the brachial valve, in which the alar extremities may be obtusely
rounded, as is usual, or tend to be squarish to give true ears. In the brachial
valve the marginal ridge around the visceral dise, lateral and anterior, may. be
less prominent in some speeimens than others, but is always discernible. The
lateral lobes of the cardinal process may sometimes be as strongly developed
as the ceniral one. The indications are that the relative coarseness of the spines
towards the margins also varies, although the difference in size between these
and the*other spines eovering the visceral portion is always marked.

Comparison with other Spectes: Other species of the genus have similar
ornamentation to this ome, particularly S. wndica and 8. tenuispina, both
Waagen’s species (Waagen, 1884, p. 648, pl. 65, figs. 1-4; and p. 654, pl. 64,
figs, 2-7). It differs from both these in its much larger size, from §. indica
in its oval outlne and geniculated brachial valve, and from S. tenuisping in
the greater convexity of its pedicle valve, presence of spines on the brachial
valve and differences in the internal features.

Material: Twenty-three "specimens, mostly decorticated, showing some
internal features, nine showing both external and. internal features.

STROPHALOSIA PRIDERI SP. nov.
Pl 18, figs. 15, 16; pl. 19, figs. 1-19.

1943—Strophalosic jukesi Etheridge fil.; Prendergast, J. Roy. Soc. W. Aust.,
28, 47, pl. 5, figs. 18-20.

Holotype: C.P.C. 1018; from right bank of Lyndon River, 9 miles east
of Mia Mia Homestead, Carnarvon Basin. Bulgadoo Shale, near bottom.
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Paratypes: C.P.C. 1019, 1020, 1021, 1022, 1023, 1024, 1025, 1026, 1027
U.W.A. 34458, 34459, 34460, 34461, 34462. All from same locality and horizon
as holotype.

Diagnosis: Large Strophalosia-species, ountline subtrigonmal to oval, con-
vexity aceentuated towards margins, with pointed umbo and with numerous
medium to coarse spines on both valves. Similar to 8. jukesi Etheridge fil,, but -
with outline more trigoral, coarser ornamentation, and umbo more pointed and
projecting further posteriorly.

Description: Dimensions of certain of the type specimens are as follows
(measurement of depth approximate) .—

— 1018. 1019. 1020. 1021. 1022, 1023.
Length of hinge .. .. .. 24 23 25 15 18 26
Width . .. . .. 49 46 47 30 39.5 44
Length .. .. .. .| 415 44 41.5 27 36 42
Curvilinear length .. .. .. 60 60 57 34 50 65
Depth .. . . .. 7 7 7 3 5 7

This is one of the largest of the Western Australian species of Strophalosia.
The outline is variable, mostly subtrigonal, sometimes oval, the greatest width
lying anterior to the middle. The hinge-line is straight, one-half the greatest
width. Despite the fact that nearly every specimen, although otherwise excel-
lently preserved, has suffered some flattening, it is possible to give a fairly
precise estimate of the convexity of the longitudinal outline. The pedicle valve
is low to moderately convex, evenly so over the body of the valve, but with
accentunated convexity at both posterior and anterior margins. The transverse
curve is essentially similar, the lateral margins sloping steeply, almost vertically,
with a median flattening which occasionally results in a broad shallow sinus
over the anterior portion. The alar angles are often right-angles, the alar
extremities being recurved, convex from a ventrai aspect, resulting in small
ears, which are not, however, sharply delimited from the rest of the valve. In
other specimens, of oval outline, the alar angles are obtuse and there are no
_ears. The umbo is rather variable in shape. Mostly it is wedge-shaped, pointed,
with a small cicatrix of attachment, suberect, although in some specimens the
tip is bent over to become erect and even incurved. It mever overhangs the
hinge. The area is triangular, extending the whole width of the hinge, undis-
torted except for those few specimens where the umbo is distorted and hori-
zontally striated. The height varies. In young specimens it may be as
much as one-third the width. In mature specimens it is less, varying
between one-quarter and one-eighth the width, the average being about one-
sixth. TFor the most part the area is flat, but in specimens with some incurvature
of the umbo it may be slightly econcave, particularly at the apex. The pseudo-
deltidium is narrow, ridge-like, raised, subtriangular in shape. It is rarely
more than a millimetre wide at the base. ‘
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The brachial valve is moderately concave, curving in sharply just under
the hinge, with smoothly upturned margins.  The area is smaller than that of
the other valve, only half as high, with a pseudochilidium corresponding to
the psendodeltidium. Where present the ears are excavated concave, corres-
ponding with the convex ventral aspect. In outline this valve follows that of
the pedicle valve, the margins a little crimped and uneven.

The ornamentation comsists of spines and concentric lines of lamellae,
reflecting the lamellose structure of the shell wall. On the pedicle valve the
spines are not very numerous, between twelve and fifteen over a square centi-
metre on the middle of the valve. They are suberect to erect, the latter more
common towards the anterior margins. On the alar extremities they are more
numerous and reclined. Over the initial parts of the valve they are of medium
size, about half a millimetre at the base, but becoming coarser towards the
margins, sometimes ineasuring up to a millimetre at the base. Initially they
are arranged irregularly or subquincuncially, with growth tending to become
arranged in lines following successive growth lamellae.

The ornamentation of the brachial valve follows that of the pedicle valve,
the spines on the whole tending to be finer.

In the pedicle valve the teeth are moderately large, diverging, and concave
from the dorsal aspect. The adductor muscle scars are sitnated on a raised

‘platform, but themselves are a little depressed. They lie a little anterior to the

hinge, and are elongate-oval in shape, separated by a narrow ridge. Whether
or not each impression is in turn divided is unknown. The diductor impressions
lie in depressions, one either side of the adductors and extending farther
forward than these.

In the brachial valve the cardinal process is inclined at a large angle, about
70 degrees to the plane of the visceral dise, the posterior surface continuing in
the same plane as the area. Tt is large and squat, as wide as high, the measure-
ment being 4 mm. in the largest instance, and projecting well into the umbonal
eavity. It is essentially trilobed, the large centre lobe being split at the apex
to give two small, closely adjacent lobes, making in all a four-lobed process.
The two lateral lobes are well separated from the central mass, inclined almost
at right angles to it. The posterior surface shows the growth striations. The
base of the process results from the junction of the median septum and two
marginal ridges, each of which partially encloses a large tooth socket, then
swings laterally at a slight angle to the hinge, almost to the lateral margin,

‘then curves anteriorly, soon dying out in the body of the valve. The median

septum extends over half to two-thirds of the length of the valve. The adductor
muscles are situated immediately in front of the base of the cardinal process.
Each is separated by the median septum, and consists of an anterior and
posterior portion. The anterior part is raised, deltoid in shape, while the
posterior is depressed, crescent-shaped, and partly envelops the anterior part.
The muscle impressions are non-dendritic. Each brachial impression arises at
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the lateral extremity of the posterior element of the adductors, curves antero-
laterally to the edge of the visceral dise, but a few millimetres in from it, then
curves in a semi-circle so that it parallels the median septum, and finally termi-
nates in a hook a few millimetres anteriorly removed from the base of the
septum. Most of the anterior half of the valve is covered with minute papillae
which, over the upturned region of the valve, become elongated and spinose.

In young specimens the internals of the brachial valve are essentially
similar to those described, but less developed. ™This applies particularly to the
marginal ridge along the hinge and to the cardinal process, which is only a stub
hardly extending behind the hinge, and barely lobed. '

Variation in the Species: The outline and the degree of ineurvature of the
umbo are the two features which show most variation. Most specimens are
subtrigonal, the greatest width lying anterior to the middle and the hinge being
one-half the greatest width. Tn very few specimens is the hinge less than this.
Less than one-fifth of the total number of specimens (150) tend to be trans-
versely oval in outline. In these the hinge is proportionately wider, between
one-half and three-fifths of the greatest width.

One-fifth of the specimens have the umbo erect, and in all of these the
outline is nearly trigonal. Two-fifths of the total have the umbo suberect, and
in the remainder, many of which tend to be oval, it is straight, or the tip may
be just inclined dorsally. Variation in the size of the area has already been
mentioned. It does not seem to vary in harmony with the features just
deseribed.

Not many specimens show the internals, which seem to be fairly stable.
The eardinal process does, however, vary in attitude to the plane of the brachial
valve. In most of the specimens available, it is inclined to about 60 degrees, but
in some it is at a very much smaller angle. In every case the dorsal surface of
the process is co-planar with the dorsal cardinal area.

Comparison with other Species: 8. prideri may be rather closely compared
with the Eastern Australian form, 8. jukesi Etheridge fil.,, 1880, p. 45, pl. 13,
figs. 39-43, the definition of which is still somewhat obscure. It may be dis-
tingunished from S. jukesi, as generally conceived, by the following features:
the outline consistently tends to be more trigonal than that of S. jukesi; the
umbo is more pointed, the ornamentation of spines more coarse and sparse. The
cardinal process in §. jukesi is much more blunt and the lobation is not as
obvious as that of the process of S. prideri.

Remarks: The material upon which this species has been deseribed was
unknown to Prendergast, who, in 1943, referred several incomplete ferruginous
casts to 8. jukesi Btheridge fil. These casts, although incomplete, show features
identifying them with 8. prider: rather than with 8. jukes:.

The specific name is given to honour Professor R. T. Prider, head of the
Department of Geology, University of Western Australia.

Material: Over 150 specimens, many distorted, but all well preserved.
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Subgenus. HETERALOSTA R. H. King.
1938—R. H. King, J. Paleont., 12, 278,

Type Species—Heteralosia slocomi R. H. King, J. Paleont., 12, 278, pl. 39,
figs. 15-18.

Diagnosis: Features essentially those of Strophalosia, but with smooth,
non-spinose brachial valve.

Remarks: The diagnostic feature distinguishing Heteralosia from Stropha-
losia is the absence of spines on the brachial valve. It is difficult to assess the
significanée of this as a taxonomic feature. From the practical point of view
it is easily recognizable and serves to reduce the large number of species other-
wise assigned to Strophalosia. This number of species has become cumbersome
to handle as a single unit. The recognition of Heteralosia therefore serves a
useful purpose, since it reduces this number considerably.

It is difficult to decide whether or not there is any phylogenetic basis for
this recognition. The association of species with spinose brachial valves and
those without spines on this valve is a common one, both in a particular forma-
tion and over wide regions. It cannot be said with certainty (since the overall
stratigraphical ranges of most species are not known definitely) whether the
Heteralosia-type came before or after the Strophalosia-type. The bionomie sig-
nificance of the non-spinose valve is also unknown. It would appear, however,
that this absence of spines is a superficial feature, since the changeover from
spinose to non-spinose brachial valve is unaccompanied by any other funda-
mental changes in external or internal features. This opinion is based on study
of the local species, and of species in the literature.

With this in mind, then, it is possible that the species constituting Hefera-
loste, would represent a polyphyletic group. This being so, it seems best to
regard Heteralosia as a subgenus of Strophalosia. As a subgenus it can still
serve practical needs.

StroPHALOSIA (HETERALOSIA) ETHERIDGEI Prendergast.
Pl 19, figs. 20-32.
1943-—8trophalosia etheridges Prendergast, J. Roy. Soc. W. Aust., 28, 43-45,
pl. 5, figs. 5-11 (not fig. 12).

1943.—Strophalosia sp. ind. A. Prendergast, Ibid., 28, 51-52, pl. 6, figs. 10-12.

Lectotype (chosen here from original author’s syntypes, G.S.W.A.
1/5242 a) : Prendergast (1943), pl. 5, figs. 6, 7; creek ¥ mile west of Cally-
tharra Springs, Wooramel River, Carnarvon Basin. Callytharra Formation.

Diagnosis: 8. (Heteralosia)-species, very small, not distorted, oval to
circular outline, with ornamentation of sparse coarse spines and pronounced con-
centric laminae. Cardinal process bilobed, spike-like. Differs from S. (H.)
prendergastae sp. nov. by fewer spines, lack of deformation, and more silky lustre
and lamellose shell structure.
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Description: This is after the orginal description by Prendergast, the new
material necessitating only minor. alterafions. Dimensions of typical specimens
are—

—_ U.W.A. 27157a. 27157b. l 27157d. \ 27157e.
Width of hinge .. .. 9 6 7 7.2
Width .. . .. 11.5 9.5 10.5 10.5
Length .. .. .. 11 9 11 11
Curvilinear length .. .. 16.5 13 16 15
Height .. .. .. | approx. 2.5 .. .. ..

Members of this species are all rather tiny. The near-geniculated margin of
the brachial valves of many specimens indicates their maturity, despite the small
size. The pedicle valve is moderately inflated, almost hemispherical, the convexity
being much the same over most of the valve, except towards the cardinal margin
where the slope is steep, and at the anterior margin where it tends to flatten
out. The hinge is less than the greatest width, which occurs across the middle.
The umbo is flattened, bearing a prominent cicatrix of attachment, and is
separated from the hinge by a narrow triangular area, about one-tenth as high
as wide, extending the whole width of the hinge. The pseundodeltidium is tri-
angular, narrow, and slightly raised; in most specimens it has fallen away,
leaving a gap. The ears are flattened and tiny, and hardly differentiated from
the rest of the shell. The ornamentation consists of spines and concentric lines
of lamellae. The shell structure is lamellose and silky. The spines are coarse for
the size of the shell, not very numerous (about 95 on the holotype), and adhere
to the surface of the shell, except towards the alar portions, where there are a
few erect spines. In general the size of the spines increases towards the anterior
margin.

The brachial valve is flat or slightly concave over the visceral portion, rather
sharply upturned at the extreme margins. The surface is silky with concentric
lines of lamellae. When crushed, these lamellae move one against the other,
riffling out to follow the pediele valve closely, so that the valve may appear to be
deeply concave. There are no spines. The area is smaller than that of the pedicle
valve, but with a pseudochilidium a little larger than the pseudodeltidium.

In the pedicle valve the adductor muscle impressions are set high up under
the umbo on a raised eminence. The diductor impressions are set one each side,
are depressed in fossae which die out anteriorly, and are longitudinally striate.
The teeth are small, excavated, and a little diverging. From their bases a ridge
runs out laterally either side, is most prominent at the alar angles, leaving a plat-
form of the ears, and dies out midway along the lateral margin. In some
specimens it continues all round the anterior margin as a cineture.

In the brachial valve the cardinal process begins at the junction of the
median septum and a pair of slight ridges, a little removed from the hinge.
Overall the cardinal process is spike-like, extending posteriorly at a slight angle to
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the plane of the valve. At the hinge it is narrow but thence becomes. slightly
bulbous, the ventral surface appearing button-like, with a raised rim, divided
by a median indentation which reaches the tip, so giving it a bilobed appearance.
The termination inclines dorsally. From the dorsal aspect the process is bilobed
with strong growth striations and with a median indentation running along its
length to the hinge. The teeth sockets lie at the base of the process. The semi-
marginal ridges which border the sockets anteriorly die out just either side of
them. The adductor muscle impressions’ are slightly raised, set in the angle of
the semi-marginal ridges and the median septum. No pairing of the adductors
could be seen. They are non-dendritic. The median septum is narrow, raised,
extending a little less than half-way across the visceral dise, the termination
being raised higher than the rest, and bulbous. Around the lateral and anterior
margins, at the point of upturning, the valve is thickened almost into a marginal
ridge. This fits into the cincture described for the pedicle valve. The rest of
the surface is covered with sparse papillae which, at the margins, are elongated
anteriorly to form blunt spikes. They are most numerous along the upturned
margin. '

Variation within the Species: Members of this species are most stable in their
characteristics. Apart from minor variation in outline, sometimes longer than
wide by a millimetre, sometimes less wide than long, almost any individual might
be taken as representative. HEven immature individuals eclosely resemble adult
specimens, except that the cicatrix of attachment is proportionately larger and
the brachial valve shows a slight concave indentation, corresponding to the
cicatrix on the other valve, which tends to disappear in the adult.

Comparison with other Species: Only one other local species can be at all
closely compared with this one—=S. (H.) prendergastae sp. nov. It is distin-
guished from the present one by possession of many more spines, by its deformed
appearance, by its lack of silky lustre and lamellose structure on the pedicle valve,
and by its larger size and consistently larger cicatrix of attachment.

A foreign shell meriting close comparison is that described as Strophalosia
sp. ind. No. 7, by Netschajew (1911, p. 148, pl. 7, fig. 5). This is a broken pedicle
valve which, from the illustrations, is identical with S. (H.) etheridget.

Remarks: As with 8. (H.) prendergastae, the study of many growth series
of specimens shows that this species is not the immature form of some other
speeies.

Material: Over 30 specimens, mostly single pedicle valves, with a few
brachial valves and conjoined valves, all in excellent preservation.

StroPHALOSIA (HETERALOSIA) IRWINENSIS Sp. NOV.
P1. 20, figs. 1-6.

1943——Strophalosw sp. ef. gerardi King ; Prendergast, J. Roy. Soc. W. Aust., 28,
: 46, pl. 5, figs. 14, 15..

Holotype: U.W.A. 23441a, Fossil Cliff, Irwin River, near Mingenew. Fossil
Cliff Formation.
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Paratypes: U.W.A. 12399, 23441h, 34463, 34464, 34465, 34466, 34466a.
Same locality and horizon as holotype. U.W.A. 34467, Fossil Ridge, Holmwood
Station, same general locality and horizon as holotype.

Diagnosis: Similar to 8. gerardi King (1846), but more truly oval, evenly
convex, with less prominent umbo, with brachial valve less concave and definitely
without spines.

Description: The shape, size and outline of the shell are much the same as in
8. (H.) gerard: King. The convexity of the pedicle valve is rather even, the
greatest convexity oceurring over the visceral region; a slight median sinus may
be present, which dies out before the anterior margin; the outline, particularly
of the pedicle valve, is transversely oval; the umbe is not prominent, the area
very slightly concave, the height about one-eighth the width. In the local speci-
mens with conjoined valves, the brachial valve follows the curve of the pedicle
valve closely, but this is due to preservational flattening. Undistorted brachial
valves are not deeply concave, the visceral disc being flat to slightly concave, the
margins being upturned rather sharply. The alar extremities are rounded.

The ornamentation on the pedicle valve consists of subquincunecially
arranged spines, tending to a coneentric arrangement, and prominent growth
lamellae. The size and number of spines varies on the local specimens. The
spines are rather fine (ome-third of a millimetre at the base) over the initial
growth stages, but along the cardinal margin and over the later growth stages
are more coarse. In one specimen the spines are up to one millimetre at the
base. They may be reclined or suberect. The average number of spines over
a square centimetre of the median portion is about fifteen, the extremes being
ten and twenty-three over the same area. The cicatrix of attachment may
measure up to 4 mm. in greatest dimension.

The brachial valve has no spines, the ornamentation consisting of con-
centric lines from the growth lamellae, and also faint radial striae interspersed
between successive lamellae. ‘

In the pedicle valve the cardinal teeth are prominent, well separated, a
little diverging, and concave on the dorso-lateral sides. The non-dendritic
adductor muscle impressions are situated on the floor of the valve immediately
below the teeth, well up in the umbonal cavity. The nature of the diduetor
musele impressions 1s unknown. In the brachial valve the adductor muscle
impressions are non-dendritie, in two pairs. The anterior pair is most
prominent, slightly raised, together making a rhomb-shape divided by the
median septum. The posterior pair ig hard to distinguish, but appears to be
laterally oval-shaped, a little depressed. In one specimen, the anterior pair
of adductors are linearly striated beneath the true exterior surface, which is
partly worn away. The median septum extends from the base of the cardinal
process over about two-thirds of the length of the valve. It is thin and raised.
The cardinal process. is spike-like, co-planar with the cardinal area, thus being
inclined at an angle of about 60 degrees to the plane of the visceral disc. From
the dorsal aspect it is trilobed ; the central lobe is by far the largest and extends
farther posteriorly than the laterals. From the ventral aspect it may appear
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bilebed owing to the presence of a strong suleus which tends to split the median
lobe, and to the very minor development of the lateral lobes. The teeth sockets
are deep, one immediately each side of the base of the process. The brachial
impressions are not preserved. Minute papillae cover much of the rest of the
surface, tending to become spinose and forward-projecting over the upturned
portion, particularly at the anterior margin.

Variation in the Species: Variation in the nature of the spines and in the
cardinal process has already been mentioned. The exact nature of the variation
in these and other features cannot be determined, however, owing to the limited
number of specimens.

Comparison with other Species: As indicated earlier this species has its
closest affinities with Strophalosia (Heteralosia) gerardi King. Although
Prendergast had only one specimen, she observed differences which led her
to refrain from identifying it with gerards. Additional material has confirmed
and added to these differences, so that they justify considering the local form
as a new species. .

The specific name is derived from the name of the river, the Irwin, upon
which the holotype locality is situated.

Material: Fifteen specimens, isolated and conjoined valves, many distorted,
but with detail well preserved.

StrorHEALOSIA (HETERALOSIA) KIMBERLEYENSIS Prendergast.
Pl. 20, figs. 7-19.

1890—-Strophalosia clarker Btheridge ; Foord, Geol. Mag. dec. 111. 7, 103, pl. 5,
figs. 7-8, text-fig. 6.

1903—Strophalosia sp. ind., Etheridge fil., Bull. geol. Surv. W. Aust, 10, 20,
pl. 1, figs. 10-12.

1943—Strophalosia kimberleyensis Prendergast, J. Roy. Soc. W. Aust., 28,
47-50, pl. 6, figs. 1-5.

Holotype: U.W.A. 20452, north of Hill C, south side of Grant Range, West
Kimberley District. Noonkanbah Formation, upper part.

Paratype: UW.A. 20460, same locality and horizon as holotype. U.W.A.
20455, Noonkanbah Homestead, West Kimberley District. Noonkanbah
Formation.
~ Other Material: A hundred or more specimens including U.W.A. 27797.
27582, 27616, from syncline just west of Coolkilya Pool, Minilya River.
Wandagee Station, Carnarvon Basin. Wandagee Formation.

Diagnosis: Strophalosia (Heteralosiay-species, characterized by concentrie
lamellose shell structure without spines on brachial valve or main part of
pedicle valve, but with row of spines along hinge of pedicle valve.

Description: This is substantially as written by Prendergast, new material
necessitating some revision and additions.
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Dimensions of typical specimens:

b
1
— UW.A. 20452, | 20460. ! 20455. 27797,

Length of hinge N B 22 23.7 | 2%.5 23
‘Width .. .. .. 27.8 30 29.3 27
Length .. .. .. 28.2 ‘ 19.2 24.3 27
Curvilinear length .. .. 52 ‘ 31 .. 43
Height C. . . 10.8 . - 11
Trail .. .. .. 4 5

The pediele valve varies in outline from subquadrangular to ovate and
semi-circular, longitudinally moderately to strongly convex, almost hemispherical,
the umbonral region being depressed. Older specimens are usually more strongly
convex. The hinge-line averages three-quarters of the greatest width, which
occeurs across the middle. There are no true ears, the alar angles being slightly
obtuse and rounded. The area extends the full length of the straight hinge, its
height is ome-fifth its length, and it is bisected by a narrow closed delthyrium.
The umbo is not prominent, not pointed, the apex set well back from the hinge,
sometimes showing a small cicatrix of attachment.

In this species the shell structure is so loosely lamellose that the outer
surface is particularly susceptible to damage, and the true ornamentation has
been diffienlt to ascertain. Of a large number of specimens only a few brachial
valves are considered to show the exact external surface. Some, however, which
are only slightly weathered, show more of the ornamentation than do those
upon which the original description was based.

The absence of spines was considered by Prendergast to be an important
characteristic of this species. It can now be said that the species is spinose:
there is a row of spines of medium size along the cardinal margin of the pediele
valve, six or seven each side of the umbo. Under the microscope the traces of
the bases may be seen even on many imperfectly preserved specimens. The
rest of the shell seems to be non-spinose; there are certainly no spines on the
brachial valve. Over the remainder of the pedicle valve there are concentric
lines of lamellae, fairly widely spaced. A few specimens show fine, close-set
striae between successive lines of lamellae.

Whether or mnot these striae are continuous over many inter-lamellar
spaces cannot be determined. Omn some specimens the surface of inner lamellae
shows numerous very tiny pits. These do not show on the surface of the outer
lamellae constituting the true outer surface. Sectioning has shown that they
persist through many of the lamellae making up the shell wall. It is almost
certain that this punctate appearance in scetion is due to the successive dimpling
of each lamella, the reflection of papillae on the internal surface.

The brachial valve is flattish or slightly concave over the visceral dise,
with evenly upturned margins, sometimes subgeniculate, internally usually
geniculate owing to thickening at the lateral and anterior margins. The area
corresponds to that of the pedicle valve, but the height is usually less. The
ornamentation consists of concentric lines from the lamellae, and of very
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minute close-set dimples, very much elongated radially, and commonly terminat-
ing anteriorly in a pit, corresponding to those on the pedicle valve. The
interspaces might be termed striae, corresponding to those on part at least of
the pedicle valve, There are no spines on this valve.

In the pedicle valve the teeth are strong, triangular and diverging from
one another. Laterally they arise from a ridge whieh lies at a small angle
to the hinge and separates it and the alar extremities from the visceral cavity.
On either side, this ridge continues in front of the alar extremities, leaving
them platform-like, and so to the lateral margins. In front of each of the alar
platforms, behind the ridge, is a narrow groove, into which fits a ridge on the
inside of the brachial valve. The adductors are elongated and situated almost
under the teeth. The diduectors are large, longitudinally striate, extending
further anteriorly than the adductors, and separated by a median prominence,
hardly to be called a septum. The anterior surface is dimpled.

In the brachial valve, owing to thickening of the shell, the interior surface
is geniculate, a raised ridge separating the visceral disc from the trail. This
ridge extends laterally and posteriorly, almost to the hinge, leaving the alar
extremities thickened and platform-like. On the visceral disec the median
septum extends for two-thirds of the length, and comtinues posteriorly as a
prominent cardinal process, which extends well beyond the hinge, in the plane
‘of the visceral dise. It is basically trilobed, but in some specimens there is a
median depression on the main body of the process, which continues to the
posterior extremity to give four lobes, the inner lobes almost conjoined, the
extreme lateral ones well separated from these. At the base of the process, one
either side of it, are the two tooth sockets. The adductor muscles are set in a
depression anterior to the sockets, which decreases anteriorly and which is
bounded posteriorly by a slight ridge. The anterior adductors are shield-shaped,
elongated antero-posteriorly. The posterior pair are ovally elongated laterally,
and the brachial impressions arise from their lateral extremities. The brachial
impressions are very outstanding. They swing outwards almost to the lateral
border, follow the lateral and antero-lateral borders of the visceral dise, and
turn posteriorly parallel to the median septum. They may terminate at a
point level with the end of the septum, or they may continue for a slight dis-
tance of 1 or 2 mm. beyond it. The anterior part of the inside surface is
covered with numerous minute papillae, commonly elongated longitudinally.
They are especially prominent over the cincture and geniculated region.

The most outstanding feature of the internmals of both valves is that the
actual visceral cavity is much smaller than would be thought from an inspection
of the external appearance. This is due to the thickening of the posterior and
alar margins on the inside of both valves, and also to the thickening of the
lateral and anterior margins of the brachial valve.

Variation within the Species: Variation in outline and shape has already
been mentioned, the important point being that with age the specimen becomes
more highly convex. Other variable features, however, do not seem to vary in
harmony. 'The median septum may extend from one-half to two-thirds
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the length of the visceral dise. The cardinal process varies a little in shape
and prominence. In some specimens it is more spike-like than blunt, and if so
is usually trilobed. Where blunt and wide, it is usually quadrilobed.

Comparison with other Species: S. (H.) kimberleyensis is distinguishable
from other species of the genus by the absence of spines over any other part of
the surface except for a single row along the cardinal margin of the pedicle
valve. Prendergast (1943) compares it with Strophalosia clarker (Etheridge)
and mentions that the external appearance of the two species is similar. The
original author of S. clerkei, however, described it as having numerous slender
spines, Externally, the two species could only be compared if the ornamenta-
tion of specimens of S. clarkes had been removed in the course of preservation.
Even then, as Prendergast remarks, S. (H.) kimberleyensis is distinguished by
the flattened umbonal region, longer hinge-line and more coneave brachial valve.

Material: Several hundred specimens, well preserved, although most are
abraded and many are distorted.

STroPHALOSIA (HETERALOSIA) PRENDERGASTAE SP. NOV,
Pl 20, figs. 20-35.

1943—Strophalosia cf. Strophalosia beecheri Rowley; Prendergast, J. Roy. Soc.
W. Aust., 28, 41-42, pl. 5, figs. 1-3.

Holotype: U.W.A. 284444 ; 350 yards west of the fence between Barabiddy

and Weer Paddocks, 2,220 yards south of gate in that fence, near Barabiddy

. Creek, south of Wandagee Homestead, Carnarvon Basin. Cundlego Formation.

Paratypes: 28444b; same locality and horizon as holotype. U.W.A. 20449;
Waltharrie Pools, Wooramel River. Callytharra Formation. U.W.A. 34468,
34469, 34470, 34471, 34472, 34473 ; limestone at base of Mount Hardman, West
Kimberley Distriet. Liveringa Formation, Hardman Member. U.W.A. 34474;
Fossil Ridge, Holmwood Station, near Mingenew, Irwin River Distriet. Fossil
Cliff Formation. ,

Diagnosis: Heteralosia-species with thin visceral cavity, distinguished in
particular by very numerous fine spines and by unusually large cicatrix of
attachment ; these features distinguish it from S. (H.) etheridges Prendergast.

Description: Representatives of this species are all small in size, with an
irregular outline due to attached mode of life in the early growth stages.

Dimensions of some of the type specimens are—

— 28444a. 28444D. 34468. 34469.
Length of hing 7.5 7.5 7.5 6.8
Width .. 12.5 13.5 13 9.5
Length .. 11.5 15.7 12.5 9
Curvilinear length 20 23 18 12
Height 4 5 .. 2.5
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The cicatrix of attachment is large, usually. to one side of the umbo, so that
the umbonal region is most distorted, resulting in the hinge being at an angle
to the direction of growth. The resultant irregular outline is most obvious
from the dorsal aspect. In front of the cicatrix the pedicle valve is more or
less regularly, and rather strongly, convex. It may, however, show some flatten-
ing over the visceral region. Transversely the flanks are steep, the middle
somewhat flattened but without a median sinus. There are no true ears; the
alar extremities sometimes show a slight recurvature but are not differentiated
from the body of the valve. The alar angles are obtuse. The hinge-line is
straight, one-half to two-thirds the greatest width, which lies across or slightly
in front of the middle. The wmbonal region is not prominent, being flattened
by the cicatrix of attachment, and is separated from the hinge by a marrow
area, about one-eighth as high as wide, persisting over the entire width of the
hinge. In most specimens the area is equally developed either side of the low
narrow triangular pseudodeltidium and is not distorted. Except for the area
of attachment the surface of the valve is covered by numerous fine spine-bases,
rather clongated, giving off reclined, semi-erect and erect spines. The spines
vary in size from fine to very fine, none exceeding half a millimetre at the base.
The reclined spines are finest. Even allowing for the effects of decortication,
the number of spines seems to vary somewhat. On the pedicle valve of the
holotype there are about 80; on that of a partially decorticated paratype there
are 40. The limits of variation of this feature probably lie within these figures.
The arrangement of the spine-bases iz irregular or subquincuncial, spines of
varying attitude and size occurring indiscriminately together. The lamellose
character of the shell, common to species of the genus, is not very noticeable
on this valve. On one partially decorticated specimen, a paratype 28444b, the
spines are nearly all removed and the exposed elongated roots of the bases give
an almost pseudocostate appeavance to the surface. Growth wrinkles are not
prominent.

The brachial valve is moderately concave. Most specimens have this valve
crushed in, so that the concavity appears to be greater than it actually is. Over
the initial part the valve is flat, mirroring the cicatrix on the pedicle valve ; then it
becomes smoothly concave, gradually flattening towards the anterior margin.
The lamellose structure of the shell is more apparent on this valve, resulting in
concentric lines of laminae. So far as can be judged, no spines are present.
The area is similar to that of the pedicle valve, with a well developed pseudo-
chilidium. The angle between the two areas is very obtuse.

In the pedicle valve the cardinal teeth are small, bluntly triangular, scarcely
diverging. At their lateral sides they are excavated, concave from a brachial
aspect.

In the brachial valve the cardinal process is large, and from the dorsal aspect
bulbous, bilobed, the lobation hardly discernible. It extends well into the umbonal
cavity, in the same plane as the area of the valve, and arises from the junction of
‘the median septum and a pair of slight marginal ridges, one either side of the
septum, which partially enclose the prominent tooth sockets.
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The above internal characters were deseribed from specimens the identity of
which was undoubted. Other internal features can be drawn from a limonitic
internal cast, which is most probably a specimen of this species. This 1s not
absolutely certain, however, and so the description of this specimen is made
separately. The median septum extends over half the viseceral dise. It is thin and
barely raised. Joining it to form the beginning of the cardinal process are
two marginal or semi-marginal ridges, separated from the hinge by about a
millimetre, and forming the anterior edge of the tooth sockets: in front of these,
on the flattened portion corresponding to the cicatrix on the other valve, are the
adductors. They seem to be in two pairs. The posterior are oval laterally, the
smaller anterior pair are on the eurve at which the valve begins its concavity.
The rest of the surface is covered with minute papillae, finer on the anterior
portion. :

In the pedicle valve only the position of the raised adductors can be seen.
They are placed on the anterior edge of the flattened area of attachment.

Variation within the Species: The size of the cicatrix of attachment and
resultant distortion of the shell are variable features in this species. In some
specimens the cicatrix is small, less than 10 sq. mm.; the largest is 15 sq. mm.
The size is always such as to indicate that the specimen must have lived attached
for much of the early stages of growth.

In ornamentation the variation present is diffieult to assess owing to the
particular degree of decortication and weathering suffered by many specimens.
As mentioned above, the spines vary in number, attitude, and size, differences in
these particulars apparently being haphazard. The average number is 50-60 on
the pedicle valve, erect spines being larger than those reclined, and more
numerous towards the anterior. The arrangement is irregularly subquineunecial
over the visceral disc, but tends to be quite irregular towards the margins.

Comparison with other Species: This species was compared to S. beecheri
Rowley (Weller, 1914, p. 146, pl. 19, figs. 37-38) by Prendergast (1943). It is
similar to Rowley’s species, but it differs from it in that the local species is more
densely spinose, does not show concentric lines of lamellae to the same extent as
S. beecheri, and possesses a larger cicatrix of attachment. Actually, comparison
between the two speeies is difficult, as the identity of the American species rests
solely on one pedicle valve from the Carboniferous Louisiana limestone of Illinois.
Besides the morphological differences there is also a great difference in the age
of occurrence of the two species, S. (H.) prendergastae being Middle Permian,
and 8. beecheri Carboniferous (Mississippian).

This species should not be confused with any other of the Western Australian
species.

It differs from the local species, 8. (H.) etheridges Prendergast, in its much
larger, more numerous spines, larger size, larger cicatrix of attachment, more
quadrate outline and consistent distortion; for the same reasons it also differs
from the shell described as Strophalosia sp. ind. No. 7, by Netschajew (1911,
p. 148, pl. 7, fig. 5).
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" Remarks: The specific name is given to honour K. L. Prendergast, who was
the first to make a systematic study of Western Australian Productacea.

Material: Twelve specimens showing both external and internal features,
variously preserved, most of them well preserved.

UNCERTAIN SPECIES.

The following two species have been recorded but are doubtfully present.
They are Strophalosia clarkei Etheridge (Pl. 18, figs. 1, 2 herein) from the
Carnarvon Basin, and S. (Heteralosia) tenuisping Waagen, from the Irwin
River District.

The first species has recently been revised by Maxwell (1954, pp. 546-547).
Hitherto its definition was most obscure.  Prendergast (1943) referred two of
her specimens, both brachial valves (Aust. Mus. F36234, F'36235), to 8. clarker.
These almost certainly belong to S. multispinifera Prendergast, herein revised.
The fact that this is Prendergast’s own species has no bearing on this opinion, for
the original deseription of multispinifere was limited to pedicle valves.

S. (H.) tenmuwispinae may conceivably be present in the West Australian
Permian.
StrorHALOSIA (HETERALOSIA) TENUISPINA Waagen.
~ PL 20, figs. 36, 37.
1884—Strophalosia tenuisping Waagen, Palaeont. indica, Salt Range Fossils,
p. 6564, pl. 64, figs. 2-7
1943—Strophalosia tenuisping Waagen; Prendergast, J. Koy. Soc. W. Aust.,
28, 52, pl. 6, fig. 9.
1944—Strophalosia (Heteralosia) tenuisping \Vaagen Reed, Palacont. wndica,
N.S., 23 (2), 106.
Material: U.W.A. 20451. One indifferently preserved pedlele valve. Fossil
Cliff, Irwin River, near Mingenew. Fossil Cliff Formation.

The diagnosis and description are taken directly from Prendergast (1943,
p. 52). The dimension of height given is synonymous with length as used in this
paper.

“ Diagnosis : Shell circular to oval in outline, hinge-line equal to maximum
width, pedicle valve but slightly inflated, dorsal valve concave. Surface orna-
mentation finely lamellose with sparsely distributed oblique spines. TPedicle
valve non-sinuate, area high, with flat, narrow, linear pseudodeltidium. Small
sear of attachment.

“ Brachial valve with small linear area, surface ornamentation not known.

“ Description : This species is known by a single specimen of a pedicle valve
from the Irwin River.

“ Dimensions of valve :
Height .. .. . .. 17.8 mmn.

Maximum width .. .. 21.3 mm.

“The specimen is rather weathered, but shows the fine spines; these are
represented now only as rather worn basw the spines are tangential to the shell
surface and some of them adpressed. They are arranged more or less in
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coneentric rows, each row separated from the previous one and that following
by lamellae. On the lateral margins larger spines are developed, and these show
a curious marking, almost a facet developed on the ventral surface of each spine.
Whether this is the effect of weathering it is impossible to say. The spines, apart
from their concentric arrangement, also show a roughly quincunecial arrangement.

“The area of this species is very distinctive among Strophalosias, being flat
and in the plane of the commissure of the valves. It is interrupted by a very
narrow, parallel-sided pseudodeltidium.”

For comparison with other species Prendergast refers to the account of
Strophalosia (i.e., Heteralosia) etheridger in the same work. No mention of
8. tenuisping is made there. If anything this species most closely resembles S.
(H.) wrwinensis of all other local Heteralosia-species. The only apparent dif-
ference is that the hinge-line is wider than in any of the specimens described as
8. (H.) wrwinensis.

Remarks: The record of this species was based solely on one pedicle valve
rather indifferently preserved. The state of the specimen is such that it could
be 8. (H.) tenuispina, but equally as well belong to other species, in particular
the local species S. (H.) srwinensis. It seems presumptuous to decide one way
or the other. Having noted the possibility of misidentification in view of the
nature of the specimen, and since it is possible that the form is §. (H.) tenus-
spina, it has been decided to record the species as described by Prendergast.

-

ECOLOGICAL OBSERVATIONS.

A palaeoecological study of the Western Australia produectids, distributed
over wide areas and oceurring throughout much of the Permian sueccession,
would require, first, investigation of the individual species, followed by a
synthesis of the resultant information to give the synecology of genera, and
gfoups of genera, over different areas at different times. Tor such a task both
material and data are grossly insufficient at the present time, particularly with
regard to the necessary field studies. The discussion which follows is, then,
confined to general observations more or less connected together to give an
over-all picture.

Evidence for this discussion has been gathered from a study of the enclos-
ing sediments; from studies of the associated faunas, of the morphological
features of the species and the bionomic interpretations thereof, of their associa-
tions, species to species, as preserved in the roeks, and of their mode of preserva-
tion; and from field studies in the Irwin River area.

Tre ENCLOSING SEDIMENTS.

The matrix in which the vast majority of specimens are found has been
either little altered beyond normal consolidation, or to some extent enriched in
iron.

Where the enclosing sediment has not been much altered most specimens
are contained in an essentially similar matrix. This is a very fine sandstone,
friable, micaceous, often with a high primary iron-content present as a coating
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on the grains, and ranging in colour from grey-green to brown and reddish-
brown. It is generally calcareous; most of the calcite is composed of organic
fragments. With an increasing amount of iron, usually limonite, the sandstone
becomes harder and less friable; the granular calcareous matter is gradually
leached away, and the sediment finally becomes a hard uniform limonitic mass,
the original characters of the sediment being largely lost. In the less extrems
instances, however, the sediment appears to have been, before alteration, the
same very fine sandstone as that preserved unchanged. Moulds of specimens
found in the intensely ferruginized material, of which, for example, the
Liveringa Formation is largely composed, are often hollow, and on being broken
occasionally yield a fine loose sand, preserved from further alteration by the
hard ecasing of the mould. For many specimens this sand is probably almost
unchanged from the sediment originally enclosing the shell and the substratum
in which the animal lived.

Such an occurrence is unusual. Sedimentary analysis of the sand showed
it to be a very fine sand (Wentworth terminology), 70 per cent. by weight
falling intc the size category 1/8th to 1/16th millimetres, and over 10 per
cent. into the clay fraction. It was composed of subangular grains showing
medium sorting, predominantly of gquartz with oceasional authigenic rims. The
subsidiary minerals were altered potash felspar, biotite and muscovite. Heavy
n¥nerals, including calcite, were rare. The brownish colour of the sand was
due to iron-coating. There was no unaltered sediment outside the moulds, 0
whether or not the quartz authigenesis preceded the limonitization of the
sediment could not be determined.

It is probably significant that so many specimens should be consistently
found in a sediment of the same general lithological type, at different strati-
graphical levels and at different places. This applies particularly to the
suecession above the Callytharra Formation in the Carnarvon Basin. (It also
seems to apply in the sediments of another area with which I am familiar—
the Carboniferous and Perm:ian of the Hunter Valley in New South Wales.
More productids, both species and individuals, are found in the finer than
coarser sediments ; the coarser is relatively richer in pelecypoda and gastropoda.)

The emphasis so far has been on the most prevalent enclosing sediment.
Species of the Productacea, however, are not confined entirely to the one type
of matrix. In the Nura Nura member and Callytharra and Fossil CLff Forma-
tions, they are also found in impure limestone bands. For the most part thiy
limestone is not massive, but appears to be made up very largely of the same
very fine micaceous sand as mentioned, together with fragmentary organic
remains, the whole cemented by calcium carbonate.

An occasional matrix is a fine red silt, in colour and consistency like
jewellers’ rouge. In most instances this silt occurs as blebs in the usual fine
sandy matrix of the Carnarvon Basin, sometimes infilling enclosed shells, more
or less as a secondary matrix. In several examples, however, specimens of
Lanoproductus cancriniformis occur in slabs of the ‘silt, packed haphazardly
together, and morphologically exactly the same as specimens of the same species
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which occur most frequently in the other sediment. Occurrences such as these
may be due to post-mortem transport or to slumping. At least one species
occurs in numbers in coarse sandstomes and grits. This is Taentothaerus
tercherts, an extremely large and robust form, well equipped for near-strandline
conditions. The matrix is persistently gritty, with well rounded pebbles and
broken-up shell fragments.

THE ASSOCIATED FAUNA.

It is not possible just now to give a detailed and comprehensive aceount
of the faunal associations of the West Australian Productacea. Instead, only
those associations are discussed which are the most obvious and, more important,
which persistently oececur.

Although productid specimens occur isolated amongst specimens of other
invertebrate groups, the specimens of any one species are usually found packed
together in fossil” communities, so reflecting the gregariousness typical of
brachiopods. These communities commonly arve associated with communities
of other productids (nearly always of different genera), other brachiopods, and
other invertebrate groups, although oceasionally the community may be so
densely packed that other animals are not found within an area of a few square
yards on the same bed. This sharing of the same general environment with a
rich and varied fauna indicates a lack of marked ecological preferences on the
part of most productid species.

The most intimate association is with bryozoa of both branching and
encrusted types. This is well exemplified in the Fossil Cliff Formation, the
fauna of which might be deseribed, in terms of individuals present, as a
brachiopod-bryozoan assemblage. In this instance there may have been some
re-working ; nevertheless this close association of brachiopoda (including the
productids) and bryozoa is common in other formations of the general
succession.

Other brachiopoda are also frequently found with productid species. Most
commonly these are large forms, Neospirifer fasciger (Keyserling), N. byroen-
sis (Glauert), N. rostalinus (Hosking), N. hardmanni (Eth. fil.), Streptorhyn-
chus luluwigui Hosking and  Cleiothyriding royssi penta Prendergast being
representative, particularly in the Wandagee Formation and Nalbia member
in the Carnarvon Basin. Species of Chonetes and Dielasma are also commonly
associated. ,

Plates of the bizarre crinoid genus Calceolispongia are very often found
with produetid. species, large and small. Calceolispongia was an animal of
oregarious habit, living in communities of countless individuals (Teichert,
1949), so large and compact that other shelled animals could not inhabit the
same area. However, the persistent presence of the heavy basal plates, not so
casily transported as the other plates, suggests that the communities of both
groups lived close together. Small productids, such as the small Strophalosia-
species, may have used the stems of Calceolospongia, or of the other rarely
found crinoids, as points of attachment during their early life (see also Stehli,
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1954, p. 287). The cicatrix of attachment of a few of these Strophalosia speci-
mens shows traces of crinoid stem markings. Certainly, Calceolispongia and
small Strophalosia-species are commonly associated in the sediments.

Simple corals are comparatively rare in the Western Australian Permian.
They are occasionally found attached to large productid shells. Pterophyllum
australe Hinde is very common in the (Fossil Cliff Formation together with one
or two species of productids. Thamnopora immensa, the only coral to oceur in
great numbers above the Callytharra Formation and its equivalents, occurs asso-
ciated with species of Linoproductus in the Nalbia Member. Specimens of
Taeniothaerus miniliensts, and the large Dictyoclostus-species, also acted as host
to the so-called parasitic worm Conchotrema (Teichert, 1945), to an orbiculoid
brachiopod, to adherent spats of Strophalosia-species and, possibly, Aulosteges-
species, and to Etheridgine. Though some of these occurrences can be deter-
mined as having taken place after the death of the host animal, others cannot.
Strophalosia, Etheridgina, and the orbiculoid probably fastened on to the shell
both during and after the life of the host. Specimens of these forms can be
found attached mnear the anterior margin of the brachial valve of the host
shell, with the spine-bases of the host, beneath the area of attachment, being only
partially developed. These occurrences indicate an attachment probably com-
mensal during the life of the host animal. On the other hand, a host shell may
have attached specimens over all parts of both valves, so that some of these
forms must have taken up their position after the death of the host.

A close association with abundant pelecypoda and gastropoda seems to have
been comparatively rare. The pectinids are the most commonly associated of
the pelecypoda, and the bellerophontids of the gastropoda, wherever such asso-
ciation is found. Conularia warthi Waagen (scyphopod?) is commonly
associated with produetids, particularly in the Callytharra Formation and
Fossil Cliff Formation.

The faunal associations so far described are similar to those in the Permian
sediments of the ITunter Valley of New South Wales. In this area productids
are most closely associated with bryozoa, other brachiopods (particularly spiri-
ferids), simple corals and occasional crinoids. Abundant association with
pelecypod and gastropod individuals is rare. The same mutual exclusion is
discussed by Stehli (1954).

INTER-RELATIONSHIPS OF PRODUCTID SPECIES.

A species of a genus is rarely found in isolation; usually it will be asso-
ciated with species of other genera, although, as far as can be seen, there was
little commingling of closely similar species. The relative abundance of indi-
viduals of the associated species, however, varies at different localities and over
different parts of the sequence. Thus Taeniothaerus meniliensts and Lenopro-
ductus cancriniformas are species often found together over much of the general
succession above the Callytharra and its equivalents, but the former is especially
_ abundant in the Wandagee Formation and the latter in the Coolkilya
Greywacke.
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The commensal relationship between species of Etheridging, Strophalosia
(and possibly Aulosteges-species), and large-shelled species has been mentioned.
Common host species are Taeniothaerus miniliensis, T. sp. cf. miniliensis, Dictyo-
clostus callytharrensis, D. magnus, and large Neospirifer species, and, particu-
larly, Waagenoconcha imperfecta. The attachment of Strophalosia to pro-
duectinid shells has also taken place in other areas; Trechmann (1921) described
the attachment. of specimens of §. lamellosa Geinitz to the long cardinal spines
of Horridonia horridus (Sowerby).

The bionomies of the group are treated in the discussion on morphology
- (pp. 19-26). The most important ecological features mentioned there are the
functional value attributed to the ornamentation, and the living position adopted
by the living animal.

CoNCLUSIONS.

The habitat of the group can only be described in general terms, for the
information on particular species is sparse. The productids were gregarious,
living in large communities. It is suggested that in the populations charac-
terized by upturned margins (the majority) each individual rested almost
covered by the surrounding sediment, well camouflaged, so that there would not
be much evidence of the presence of the animal except for part of the margins
and umbo of the shell and the slight slurry caused by the current of water set
up by the water-circulatory system.

If the population density was high, the areas occupied by such communi-
ties, productinid or strophalosiinid, were largely free of other shelly benthos,
except perhaps bryozoa and smaller strophalosiinids; if the population density
was not high, a community cohabited to varying degrees with other forms.
Such forms, for the most part also gregarious, comprised in particular bryozoa,
large spiriferids, Calceolispongia-species, other brachiopoda such as Streptoryn-
chus- and Chonetes-species, and possibly small communities of simple corals or
of the tabulate genus Thamnopora.

The nature of the sediment, the associated fauna, and the particular mor-
phology of the productid shell indicate a near-shore environment in the neritic,
possibly the infra-neritie, zone. Disturbance of the substratum by currents or
wave aetion is suggested by the evidence of slumping, the presence of frag-
mental broken-down remains, and the frequent separation of the two valves of
productid specimens, as well as the constituent parts of other organisms (e.g.
Calceolispongia). This action, with the fine-grained sediment, must have made
the surrounding water turbid at times. Productid species must have been
fairly tolerant of such conditions. The rich fauna associated with productid
species indicates environments favorable to benthonic life, although, as can be
judged from the distribution of productid species and of the other faunal
elements, such environments were not static but shifted laterally and in time.
Close comparisons and analogies can be made between the above picture and
that of Stehli (1954).
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DISTRIBUTION AND FAUNAL RELATIONSHIPS.
DistrIBUTION AND REGIONAL CORRELATION.

The stratigraphical distribution of the species‘ is shown in Tables 1 and 2.
Further collecting is likely to extend the range of some species,

The general distribution charts show some species with short ranges: these
have been selected to make up Table 3. Not all the species ean be considered
as of equal value for stratigraphical work. Those species which, by reason of
their widespread distribution, abundant preservation, and ease of recognition,
are considered to be of particular value, are distinguished by asterisks. Of
these, some are common to both Canning and *Carnarvon Basins;
and one species is common to all three major aveas, Dictyoclostus
magnus. The species without asterisks have short ranges so far as is known
at present, but some of them have been only recently recognized, or are doubt-
fully distinet, as is indicated by open nomenclature. Others have less limited
overall range, but vary in frequency of individuals from ome formation to
another. Thus Taeniothaerus miniliensis is particularly prominent in the
Wandagee and Noonkanbah Formations; Linoproductus cancriniformis in the
Coolkilya Greywacke; Marginifera gratiodentelis in the Cundlego and Wan-
dagee Formations (not found below the Cundlego) ; Dictyoclostus callytharren-
sis and 8. (Heteralosia) etheridgei are very abundant in the Callytharra
Formation. :

Only five species are common to all three areas—Dictyoclostus callytharren-
sis; D. magnus; Linoproductus cancriniformis; 8. (Heteralosia) prendergastae ;
and possibly, Linoproductus lyoni. Those common to the Carnarvon Basin and
the Canning Basin are: 4. ingens; D. callytharrensis; D. magnus; Linoproduc- -
tus camcrimformis; possibly L. lyoni; Taemiothaerus miniliensis; S. (Hetera-
losia) kimberleyensis; S. (H.) prendergastae; and Strophalosia multispinifera.
Twelve species are common to the Irwin District amd the Carnarvon Basin:
Awulosteges baracoodensis; A. spinosus; Dictyoclostus callytharrensis; D.
magnus; Linoproductus cancriniformis; L. cora foordi; L. lyoni; Taeniothaerus
coolkiliensis; T. irwinensis; S. (Heteralosia) etheridgei; S. (H.) irwinensis; and
S. (H.) prendergastae. :

+ Of the species common to the Carnarvon Basin and Irwin River Distriet
five are common in, and restricted to, the Fossil Cliff and Callytharra Forma- .-
tions, thus confirming the generally accepted correlation between these forma-
tions. The inclusion of the Nura Nura member of the Poole Sandstone in the
Canning Basin in this correlation is supported by the presence of Dictyoclostus
magnus, restricted to the Callytharra and Fossil Cliff Formations and to the
Nura Nura member.

Above the Callytharra Formation and its equivalents, the detailed correla-
tion ‘between formations of the Carnarvon and Desert Basins is not much
affected by the productid species. They certainly suggest the general core-
lation of the Byro Group (Coyrie Formation to Baker Sandstone) with the
Noonkanbah Formation and possibly the Lightjack member of the Liveringa,
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Formation. The Wandagee Formation can be considered to have its closest
equivalent in the Noonkanbah Formation. The only evidence to suggest a
correlation of the Coolkilya Greywacke with the Lightjack member (apart from
the species with longer ranges common to both) is that many species, hitherto
commonly represented, are no longer present above these two formations.

By and large, then, the productid fauna confirms the already accepted
correlations for the marine Permian in Western Australia put forward by
Teichert (1941) and Thomas and Dicking (1954).

Apart from the aspect of correlation, the distribution of the species shows
other features. In the Irwin Basin, with a total sedimentary thickness of
nearly 4,000 feet, productid species are found only in the one richly fossili-
ferous formation, the Fossil Cliff Formation, which contains fourteen species.
In the Carnarvon Basin productid species are found most abundantly in the
Callytharra Formation (as least fifteen species), the Wandagee Formation (at
least thirteen species), and the Coolkilya Greywacke (six species). Between
and above these are formations either very poor in productid species, or chiefly
characterized by a molluscan fauna of pelecypoda, or generally poor in marine
fossils of -any kind. In the Canning Basin the Nura Nura member contains
less than four productid species, the Poole Sandstone above this apparently none
at all, the Noonkanbah Formation at least ten species, the Lightjack member
of the Liveringa Formation not more than six, and the Hardman member
(removed from the Lightjack by approximately 2,000 feet of sediment) six
species. The productid fauna of the Hardman member is conspicuously
different from the earlier fauna.

Finally, the formations most abundant in productid species and individuals
are also those with a rich invertebrate fauna; that is, the overall distribution
of the productids follows that of the remaining fauna, with the exception of
some molluscan species. Such distributional parallels are certain to be bound
up with the tectonic and sedimentary history of the Permian basins.

. INTER-REGIONAL AFFINITIES AND CORRELATION.

Special Characteristics of the Local Fauna: Very many species in the
fauna—those belonging to the genera Aulosteges, Taentothaerus and Strophalosia
(s.l.)—possess a ventral cardinal area; the individuals of these species were
attached during at least part of their life. A second general characteristic
of the fauna is that many of the productinid species, and some of the stropha-
losiinid species, have sharply upturned or geniculate margins. A third is the
preponderance of species with predominantly spinose ornamentation. A fourth
is the absence of the more bizarre productid genera, as for example those of
the families Lwyttonidae and Richthofenidae, common in the Permian of other
regions. Collectively these features give a highly individual character to the
Western Australian Permian Productacea.

Comparison with Other Faunas: So far the fauna has been referred to as
though it were a unit, and could be considered as such for the purpose of com-
parison with other faunas. This is not strictly true. The species found in the
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sequences below the Mungadan Sandstone in the Carnarvon Basin and the
middle part of the Liveringa Formation in the Canning Basin, and including
those of the Fossil Cliff Formation of the Irwin Distriet, can be considered
as a single fauna for purposes of comparison. In the Canning Basin, how-
ever, the species found in the upper part of the Liveringa constitute quite a
new fauna, containing only species of Aulosteges, Waagenoconcha, and possibly
Taeniothaerus. The earlier fauna has affinities with the Permian Productidae
of Timor, India (particularly the Salt Range), Russia (Zechstein and the
Urals), and eastern Australia, in that order of closest affinity. The evidence
for this lies in the close comparison that can be made between the local species
and species from these other regions. Included among the compared species
are a few identical with local species, some separated only by minor differences,
and some differentiated by open nomenclature. Estimates of affinity based on
such comparisons must be treated with care. But as the species compared are
many for any one region, are part of a definite fauna, and have similar distribu-
tional histories, they can be safely compared.

Of the Timor species four are identical with Western Australian species;
Aulosteges ingens, Dictyoclostus callytharrensis, Linoproductus cora foords, and
Waagenoconcha imperfecta. Aulosteges spinosus and Marginifera gratiodenialis
have near counterparts in the Timor species. This is a considerable total in
view of the comparatively small productid fauna so far described from that
island, and is relatively higher than for any other region. The local fauna is
thus considered to have its closest affinities with that of Timor.

Local species identical with, or closely comparable to, Indian species (Salt
Range and Himalayan) are Aulosteges ingens, Dictyoclostus magnus, Linopro-
ductus cancriniformis, Marginifera gratiodentalis, Taeniothaerus cf. subquad-
ratus, Waagenoconcha vmperfecta, and Strophalosia (Heteralosia) trwinensis.

L. cancriniformis is also a Russian species. Aulosteges ingens and A.
fairbridgei are closely compared with Russian species. The smaller number of
species comparable with those of Russia is somewhat misleading. It is eertainly
small, but nevertheless the broad outlines of a fauna such as is described by
Netschajew (1911) and, to a lesser extent, by Sarycheva and Sokolskaya (1952)
from Western Russia have much in common with those of the Western
Australian fauna,.

The similarity of the Permian faunas of western and eastern Awustralia
has been long argued, the more prevalent opinion being that the two are essen-
tially dissimilar. Among the Productacea only one species is presumably
identical—T'aeniothaerus subquadratus. Three other species are very eclosely
comparable. The important single similarity is, of course, that species of
Taentothaerus occur in both areas. The eastern Australian produetid faunas
have not yet been completely revised; but I have been able to study much of
the eastern Australian material, and am satisfied that the productid faunas
of the two regions are essentially dissimilar.
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The tauna of the upper part of the Liveringa Formation also has its closest
affinities with Timor, India and Russia. The significance of the speecies
Waagenoconcha imperfecta, Aulosteges ingens, and A. reclinis has already been
mentioned. Another species, Awulosteges fairbridges, is equally comparable with
Russian and Indian species. The number of species involved is not large
enough to decide just where the affinities of the fauna lie. There is certainly
no equivalent in eastern Australia. '

Inter-continental Correlations: The fauna, except for that of the upper
part of the Liveringa Formation, is essentially Artinskian in age. The earliest-
appearing species include Dictyoclostus callytharrensis, D. magnus, Linopro-
ductus cancrimiformis, L. cora foordi, Aulosteges spinosus, Taentothaerus cf.
subquadratus, and 8. (Heteralosia) trwinensis. The species cora foordi and cally-
tharrensis are identical with forms typieal of the Bitaoeni Beds (Artinskian)
of Timor; the remainder are identical with or little removed from species
typical of the Indian Lower Productus Limestone or its equivalents. The Cally-
tharra Formation and its equivalents and the uppermost part of the Lyons
Group in the Carnarvon Basin may be correlated therefore with the Lower
Productus Limestone. Some species even in the earliest fauna have, however,
affinities with those of the Middle Productus Limestone; and the number of
these increases higher in the succession. They include such species as Aulo-
steges ingens, Krotovia spinulosa, Marginifera gratiodentalis (closely similar to
gratiose Waagen), and Waagenoconcha wmperfecta. These species have their
closest equivalents in species typical of the Middle Productus Limestone or of
the Basleo Beds of Timor. DBoth these divisions are usually considered as
Artinskian with some post-Artinskian elements. '

The later fauna, of the Hardman member of the Liveringa Formation,
includes the species Aulosteges fairbridgei, A. reclinis, A. ingens, Taentothaerus
fletchert, and Waagenoconcha tmperfecta, at least two of which are represented
in the Basleo Beds of Timor, and which also have close affinities with species
in the Russian Kazanian. The post-Artinskian element has become altogether
preponderant in this fauna, and it may well be that it 1s indeed post-Artinskian.
The productids, however, do not furnish conclusive evidence that this is so.

The Productacea, both in their affinities and the correlations they suggest,
largely complement conclusions on the general affinities of the Western Aus-
tralian Permian faunas and their inter-regional correlation, established by
Teichert (1941; 1951) and Thomas and Dickins (1954).

EVOLUTIONARY ASPECTS.

Deficiencies in knowledge of the sedimentary record and of the detailed
stratigraphical distribution of the species have prevented the effective study of
the evolutionary changes that may have taken place at the species level. Never-
theless it was expected that the long-ranging species would show overall evolu-
tionary changes, and also that the faunas as a whole might have exhibited
features affecting currently held ideas on the phylogeny of the Productacea.
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Although not realized, such expectations were in keeping with the size of the
collection and the great thickness of sediments from which it came, representing
a significant part of Permian time and distributed over a large province.

A few examples of the apparent lack of evolutionary change exhibited by
the species will illustrate what is roughly characteristic of the whole fauna.
Taeniothaerus miniliensis, an exceedingly variable species, first appears in the
Callytharra Formation of the Carnarvon Basin and is found in many of the
formations up to, and including, the Coolkilya Greywacke. It is particularly
prominent in the Wandagee Formation and, to a lesser extent, in the Coolkilya
Greywacke. It is therefore one of the longer-ranging species, persisting through
a considerable part of the sediment laid down during Artinskian times. Its
range is at least equal to the overall range of Calceolispongia-species in the
same region, which, according to Teichert (1949, p. 46) extends over a period
of 6,000,000 years. During this time at least thirteen species of Calceolispongia
developed in ten different horizons (Teichert, 1949).

Taeniothaerus miniliensis during this period shows a trend towards an
increase in size, and predominance of individuals with larger umbones and
large ventral cardinal areas. These individuals represent one of the two prin-
cipal modes of variation described for this species. The increase in overall
size and dimensions of the umbo and area might be described as representing
a time-trend in variation; it could conceivably be the result of a bias in collect-
ing. Nevertheless such trends towards increase in size are common enough
in marine benthos which live in close-knit communities (see Newell, 1949,
Stenzel, 1949). Calceolispongia is, of course, an outstanding example of this
kind.

Linoproductus cancriniformis is another species, present in great numbers
of individuals, which persists from the upper part of the Lyons Group of the
Carnarvon Basin, through the Callytharra Formation, the Wooramel Sand-
stone, and the Wandagee Formation, and finally is present in great numbers
in the Coolkilya Greywacke. Variation in the oldest and youngest representa-
tives -of this species does not seem to show any significant change. The same
conclusions apply to Krotovie spimulosa (a specles very stable in its charac-
teristics) which has an intermittent local range, probably from the Callytharra
to the Coolkilya Greywacke, certainly from the Cundlego Formation to the
Coolkilya Greywacke. It also applies to Margwmifera gratiodentalss, another
stable species, ranging from the Cundlego Formation to the Coolkilya Grey-
wacke and absent only from the intervening Baker Formation. It applies
pfobably to Aulosteges ingens, which is very sparsely represented early in the
succession.

Little can be said concerning more general trends in the Western Aus-
tralian Productacea. Prendergast (1943) suggested that a general trend could
be observed in species of Aulosteges and Taeniothaerus comparable to that shown
by species of Aulosteges of the Permian of the Texas (lass Mountains (King,
1930), in which there is a trend from species with low areas. spinose, with both
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radiate and concentric ornamentation, to species of which a high proportion
had high areas but with little or no radiate or costate ornamentation. This
transition takes place from the Wolfeamp to the Word.

The two species selected by Prendergast as illustrating this comparable
trend, Aulosteges baracoodensis and Taeniothaerus * subquadratus” (here
deseribed as T. irwimensis sp. nov.), are both essentially spinose and show no
such ornamentary changes as the Glass Mountain species. Although the area of
A. baracoodensis is higher than that of 7. irwinensis both species are most
prolific at the same stratigraphical level.

With a far greater number of species now described, belonging to the
similar genera, Aulosteges and Taeniothaerus, it is possible to re-examine this
suggestion of a trend similar to the Texan one—embracing only the inerease in
height of the area, as the ornamentation of all the local species is essentially
spinose. The evidence is rather conflicting. A selected series such as A. bara-
coodensis—A., lyndonensis—A. ingens—A. fairbridgei—A. reclinis gives support
to the suggestion that such a trend is present. But the size of the area varies
within any one species of this series. Specimens of 4. engens, for example, may
show an area proportionately no higher than selected specimens of A. lyndonen-
sts, another species in which the height of the area varies. Nor is the series,
as given, arranged in striet order of first appearance. A. ingens probably
appears as early as A. baracoodensis, although it is most prolific high in the
sequence. Finally, some of the species making up the series are found only in
particular areas. All that can be said is that, in a very general way, an increase
in height of the area is shown by species as they occur higher in the succession.

The species of Taenothaerus offer no more convincing evidence, even
though they can be studied as found in the one basin, the Carnarvon Basin.
The first-appearing species all have low areas. They occur in the Callytharra
Formation. Of the three species persisting higher in the sequence, only one,
T. miniliensis, is represented in several successive formations. As mentioned
before, it does show an apparent increase in height of area. Ome of the remain-
ing two species, T. coolkiliensis, has been found in the Wandagee Formation of
the Carnarvon Basin (that is, fairly high in the sequence) and it possesses a
comparatively high area; but the other, T teicherti, occurring in the Wandagee
Formation and overlying Norton Greywacke, has little or no area.

There is then no worthwhile evidence to suggest that a general trend
towards increase in height of area, from lower to higher in the sequence, took
place in species of these genera. Even if such a trend were more strongly
suggested, the evidence supporting it is of such a kind that it is difficult to
gauge its true significance. On present data it could be described only as a
morphological series, the details of which would have to be established on more
detailed stratigraphical knowledge and more comprehensive and systematic
collections than are now available. Except, perhaps, in T. mimliensis, it certainly
could not be considered as the expression of a plexus of descent, or of con-
tinuous genetic relationship.
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None of the other genera exhibits featural echanges which might be inter-
preted as a trend of any kind. Questions on the phylogeny of the group are
not affected by the Western Australian material. The outstanding faunal
characteristies of the group may be explained more readily by distributional
than by evolutionary factors, as may the faunal break which distinguishes the
species highest in the West Kimberley sequence from the species found in lower
beds in the general succession.
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PLATE 1.
Fies. 1, 3, 4, 6—Aulosteges baracoodensis Ttheridge fil. .. . .. Page 35

Figs. 1, 3—Ventral and dorsal views (x ) of U.W:A. 10496 Fossil Cliff, Irwin
Rlver District. Fossil Cliff Formation.

Figs. 4, 6—Ventral and dorsal views (x §) of lectotype, Aust. Mus. F.36218; Wooramel
River, Carnarvon Basin. Callytharra Formation.
Fies. 2, 5, 7, 8-10—A. reclinis sp. nov. .. Page 38

Fig. 2—Upright longitudinal view of palatype UVV Al ‘)9109 Wmdmlll at Selection
Homestead West Klmbelley District. Liveringa Formation.

Figs. 5, 7, S, IO—Longltudlnal posterior, dorsal and ventral views (x %) of holotype
U.W.A, 31190; 4 mi. north Mt. James on boundary fence between Nerrima and

Kallaida Statlons, West Kimberley District. Hardman Member of Liveringa
Formation.

Tig. 9—Upright longitudinal view of C.P.C. F.21043; near base of Mt. Hardman, West
hlmberley District. Probably Hardman Member.
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FiGs.

Fias.

PLATE 2.
1-4—Aulosteges reclinis sp. nov. s e - : .. Page 38
Figs. 1, 2—Ventral and posterior views of same specimen as Flg 9, Plate 1.

Fig. 3—Impression of external surface from an internal aspect of brachial valve.
U.W.A. 29106a; same locality and horizon as for specimen Fig. 2, Plate 1.

Fig. 4—Ventral view of same specimen shown in Fig. 2, Plate 1.

5-12—A. fairbridgei sp. nov. .. .. Page 40

Figs. 5, 6—Dorsal and ventral views of p'n’atype UWA 2943Sb showing deformed
umbo locality, horizon as for holotype, next figures.

Figs. 7-10-—DPosterior, cardinal area, upright longitudinal and ventral views of holotype,
UW.A. 29438f; Tutu demlll Nerrima Creek, Luluigui-Myrooda area, West
Kimberley. Hardman Member.

Figs. 11, 12—Dorsal interior and upright longitudinal views of Aus, Mus. F.44781;
Ironstone ridge, Port Keats Native Mlssmn, 154 air miles south-west of Darwm
Port Keats Group. Shows impressions of median septum and long ridges giving
rise to cardinal process.
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PLATE 3.
Figs. 1- 10—4ulosteges ingens Hosking revised . .. Page 43

Figs, 1-4—Dorsal, ventral, posterior and upright lonﬂxtudmal views (x §) of lectotype
G WA, J/oOOO bed in bank of Wooramel Ruer, 3 miles above (Trig.?) R.20.
Carnarvon Basin. Above Callytharra Formation.

Figs. 6, 8—Dorsal and ventral views of paratype G.S.W.A. 1/4955, same locality as
above.

Figs. 5, 10—Dorsal view of internal mould, natural size, and external ventral surface,
much reduced, of Aus. Mus. 44817, Pt. Keats Mission, 154 air miles south-west of
Darwin, Northern Territory. Port Keats Group.

Fig. 7—Dorsal internal impression of Aus. Mus. F.44805, same locality as above.

Fig. 9—Brachial valve, U.W.A. 32027, latex cast (x %) south flank of the ridge just
east of Mt. Cedric, West Kunberley District. Hardman Member of Liveringa
Formation.

152



Permian Productacea from Western Australia

PLATE 3




PLATE 4.
F1es. 1-10—Aviosteges lyndonensis sp. nov. .. .. DPage 46

Tigs. 1, 2, 3—Dorsal, veutral and upright longitudinal views of holotype, C.P.C. 1001
(Fig. 3 x #); north bank of Lyndon River, north of Round Hill. 8% miles east of
Mia Mia Homestead, Carnarvon Basin. Base of Bulgadoo Shale.

Figs. 4, 6, 7—Cardinal process and adductor musele impressions C.P.C. 1005, 1006,
1007 respectively. Same locality as above.

Fig. 5—Extremely large cardinal area of a paratype (broken specimen). Same
locality as above.

Fig. 8—Dorsal view of paratype, C.P.C. 1002, showing distorted area. Same locality
as above.

Figs. 9, 10—Dorsal and ventral views of C.P.C. 1956 (x %), 2,000 feet west of
Callytharra Spring, Wooramel River, Carnarvon Basin. 120 feet above base of
Callytharra Formation.
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PLATE 5.

Fies. 1-9, 11, 12— htlost(’qcs spinosis Hosking : s . .. Page 49
Figs. 1-3—Dorsal impression, upright lonrrxtudnnl and ventral views of U.W.A. 34433;

Glendevon Homestead, Woolaga Creek, Trwin River District. Fossil CLff Formation.

Figs. 4-6—Ventral, dorsal and upright longitudinal views of sediment-filled pedicle
\Alu Aus. Mus. F.37710, W andagee Station.

Figs. 7-9—Ventral, dorsal and upright longitudinal views of holotype G.S.W.A.
1/4()87 a podm]e valve. Fig. 9 shows reﬂe‘(cd cardinal margin. South bank of
Wooramel River, helow Callytharra Springs, Carnarvon Basin. thah]y Callytharra
Formation,

Figs. 11, 12—Ventral and upright longitudinal views of hroken specimen showing
cardinal process, UW.A. 27288, west side of syncline south of Minilya River, west
of Coolkilya Pool, Carnarvon Basin. TLower part Wandagee Formation.

T1es. 10, 13-18—Tacniothaerus miniliensis sp. nov.—immature specimens .. Page 90

Figs. 10, 16, 17—Upright longitudinal, dorsal and ventral views of U.W.A. 34438,
iven l)dltl( ularly to show cardinal process and spinose brachial valve; same Iocaht)
and horizon as for specinien figured 11, 12 above.

Figs. 13-15—Upright longitudinal, dorsal, and ventral views of worn specimen U.W.A.
.54440 same locality and hm]/on as figs. 11, 12.

Fig. 18—Dorsal view of U.W.A. 34437, with projecting umbo. Same locality and
horizon as for 27288, figs. 11, 12
Fi16s. 19-21—Awulosteges sp. ind. A. .. 2 . .. Page 51

Dorsal, upright longitudinal and ventml views nf U. WA 281142 nine chains west
of red sandstone (‘nlreohsponqm horizon, south-west of Wandam’e Hill, Carnarvon
Basin, Coolkilya Greywacke, above Nalbia member.
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PLATE 6.
F1a. 1—Aulosteges reclinis sp. nov. .. s i £ s Page 38
Dorsal view of limonitic cast, U.W.A. 32025a, showing impression of median septurmn
and large reclined cardinal process; outerop on south flank of ridge just east of
Mt. Cedrie, West Kimberley District. Iardman Member of Liveringa Formation.

Fr6. 2—A. wangenheimi (Verneuil) (see also Plate 21) 33 s .. Page 35
Internal features of brachial valve of plaster cast of B.M. BB 3279 (T. Davidson
Collection) from Mt. Grebewi, near Orenburg, Russia,
Fias. 3-14—Dictyoclostus callytharrensis Prendergast i o .. Page 54
Figs. 4-7—Ventral, posterior transverse, dorsal and upright longitudinal views of
paratype, G.S.W.A. 1/4967a; 4 mile west of Callytharra Springs, Wooramel River,
Carnarvon Basin. Callytharra Formation,

Fig. 8—Reticulate sculpturing on another paratype G.S.W.A. 1/4967a; same locality
and horizon as paratype, figs. 4-7.

Figs. 9, 10—Ventral and upright longitudinal views of syntype G.S.\V.A., 1/4967h,
showing highly reflexed ears; same locality and horizon as paratype, figs. 4-7.

Figs. 11, 13—\entral and dorsal views of paratype G.S.W.A. 1/4767a; dorsal view
sliowing ginglymus: same locality as preceding. -

Figs. 3. 12—Internal features of brachial valves, Aust. Mus. F. 36508, x § Barragooda
Pool. Arthur River; and U.W.A. 29452a (latex cast), 1.4 miles south of gate in
fourth fence on road from Merlinleigh to Moogoorie Stations. Both specimens from
Callytharra Formation, Carnarvon Basin.

Tig. l4—Internal features of broken pedicle valve, a paratype G.S.W.A. 1/4967a,
same locality and horizon as holotype. figs, 4-7.
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F1Gs.

Fics.

FiGs.

Fi1cs.

Figs.

PLATE 1.

1-6—Dictyoclostus magnus sp. nov. .. on s &% .. Page 57

Fig. 1—Postero-ventral view of paratype U.W.A. 32021 (x 1); 4 miles south-south-
east of junction of south branch and main Minilya River, Williambury Station.
Carnarvon Basin. C(allytharra Formation.

Figs. 2, 3—Ventral and upright longitudinal views (x 4) of holotype pedicle valve,
Aus. Mus. F.36514, Wyndham Gap, Carnarvon Basin. Callytharra Formation.

Figs. 4, 5, 6—Posterior upright longitudinal views and posterior view more from
ventral aspect than fig. 4 to show extent of trail (x 4); paratype U.W.A. 32022,
just south of Trig. K52, half-way along road between Middalya and Williambury
Stations, Carnarvon Basin. Callytharra Formation.

7-10—D. aradei Prendergast revised .. pe “ 3 .. Page 59

Figs. 7, 10—Ventral and upright longitudinal views (x 3) of ]mlut\ pe pedicle valve
U.W.A. 20453 ferruginous limestone, 2 miles 10 degrees south of Mt. Nicholson,
West Kimberley District, Canning Basin. Noonkanbah Formation.

Fiz. S—Anterior view of inverted broken pedicle valve (x 3), U.W.A. 28696a; just
south of Trig. 243, West Kimberley District. Noonkanbah Formation.

Fig. 9—TImpression of external of brachial valve (x ), U.W.A. 28696h; same locality
and horizon as fig. 8, 28696a.

11-15—Krotovia senticosa (Hosking) .. w5 . .., Page 63

Figs. 11, 12—Dorsal and ventral views (x i) of lectot_) pe G S.W. A 1/4970a; creek %
mile west of Callytharra Springs. Wooramel River, Carnarvon Basin. Callytharra
Formation.

Fig. 13—Dorsal view of anotlier type. G.S.W.A. 1/4970a.

Figs. 14, 15—DPedicle valve. broken and showing internal features of brachial valve,
and upright longitudinal view of same specimen, right-hand side encrusted with
sediment, G.S.W.A. 1/4970a; same locality as other types.

16-18—K. micracantha (Hosking) aie . .. Page 61

Figs. 16, 17—Dorsal and ventral views of lu,t,(m pe, G. \\\r A 1/4‘)40]) same locality
and formation as for K. senticosa ahove.

Fig. 18—Dorsal view of other type, G.S.W.A, 1/4970b; same locality, horizon.

19-24—K. spinulosa (J. Sowerby). .. “3 2 W% .. Page 65

Figs. 19-22—Dorsal, posterior, upright longitudinal dud ventral views of Aus. Mus.
38446, Wandagee Station, Minilya River, “Carnarvon Basin,

Fig. 23—Pedicle valve cut away to show internal structures in brachial valve (x 2) of
Aus. Mus. F.37579, 1 m]le west of shale outerop, north bank of Minilya River (west
of Coolkilya Pnol"), ‘arnarvon Basin.  Wandagee Formation.

Fig. 24—Ventral view of Aus. Mus, F.18443, same locality and formation as for
figs. 19-22.
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PLATE 8.
Figs. 1-9—Linoproductus cauncriniformis (Tchernyschew) e o .. Page 69

Fig. 1—Ventral view of limonitic cast, U.-W.A, 27165a, east of Wandagee Hill, Nalbia
Paddock, Wandagee area, Carnarvon Basin. Coolkilya Greywacke,

Figs. 2-4—Dorsal, ventral and upright longitudinal views of U.W.A. 27127, west side
of syncline south of Minilya River, Carnarvon Basin. Wandagee Formation.

Figs. 5, 6-—Longitudinal view of brachial valve showing large trail and plan view of
internal features including stubby cardinal process, specimen U.W.A. 29364, same
locality and formation as above specimen 27127,

Fig. 7-—Antero-ventral view of Aus. Mus. F.38455, Minilya River, probably near
locality of 27127 above.

Figs. 8, 9—Ventral and dorsal views of Aus. Mus. F.38456, same locality as I.38455
above.

F1as. 10-15—L. cora foordi (Etheridge fil.) .. W 5 o1 .. Page 74
Iigs. 10, 11—Dorsal view showing depressed brachial valve, and ventral view of*
U.W.A. 32391, Fossil Cliff, Irwin River, near Mingenew township. Fossil Clff
Formation.
Figs. 12, 13—Ventral and longitudinal views of U.W.A. 32392, same locality and
formation as 32391 above.

Fig. 14—View of internal of pedicle valve, U.W.A. 23438, same locality and formation
as 32391 above.

Fig. 15—Central view of 32392a, same locality and horizon as 32391 above.
F1as. 16-22—<L. lyoni Prendergast revised. .. ST : - .. Page 79

Figs. 16-18—Dorsal, upright longitudinal and ventral views of the cast U.W.A.
32025, Glendevon Homestead, Woolaga Creek area, near Mingenew township. Fossil
CIiff Formation.

Fig. 19—Ventral view of cast U.W.A. 32028, showing cardinal spines; same locality
and formation as 32025 above.

Figs. 20, 21—Holotype spec., Aus. Mus. F.36530, 10 chains north-west of Gnarrea Pool
near Winning Station, Carnarvon Basin. Lyons Group (?upper part). Fig. 21,
upright longitudinal view of lower left specimen, sediment opaqued out.

Tig. 22—TImpression side of brachial valve of cast U.W.A. 32025 abhove.
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Figs.

Figs.

Fics.

PLATE 9.

1-14—Marginifera gratiodentalis (Grabau) .. =r 13 .. Page 79

Figs. 1-3—Dorsal, ventral, upright longitudinal views of Aus. Mus. F.37569; 4 mile
east of shale outerop, north(?) Minilya River (west of Coolkilya Pool?), Carnarvon
Basin.  Probably Wandagee Formation.

Fig. 4—View of internal features of brachial valve, U.W.A, 28453b, 350 yards west of
place on fence between Barabiddy and Weer Paddocks, 2,200 yards south of gate in
that fence near Barabiddy Creek, south of Wandagee Station, Carnarvon Basin.
Cundlego Formation.

Figs, 5, 6—Upright longitudinal and plan view showing internal features of brachial
valve, U.W.A. 28453a; same locality, formation as 28453b above.

Figs. 7, 8, 9—Dorsal views of pedicle valves showing cincture setting off platform of
cars, U.W.A. 27185e, and platform of adductor muscle impressions against striate
linear diductor impressions, U.W.A. 27185¢, 27185d; north-east side of syncline,
north bank Minilya River, west of Coolkilya Pool, Carnarvon Basin. Cundlego
Formation.

Figs. 10, 11—Posterior and ventro-posterior views of U.W.A. 27185e, locality and
formation given above.

Fig. 12—Dorsal view of U.W.A. 27185h; same locality and formation as above for
27185¢, d, e.

Figs. 13, 14-—Posterior and ventro-posterior views of brachial valve U.W.A. 27185, to
show demarcation of ears; same locality, formation as 27185¢, d, e.

15-19—Taeniothaerus (%) fletcheri sp. nov. .. i3 it Page 91

Figs. 15, 17—Dorsal and ventral views (x §) of paratype U.W.A. 29427b, Bell's
Homestead, Ellendale area, West Kimberley District. Liveringa Formation.

Fig. 16—Dorsal view of U.W.A. 20427 showing long alar spines of pedicle valve
curving out postero-laterally (latex cast).

Fig. 18—Ventral view of paratype U.W.A. 34444, showing large elongated spine-bases
with small less elongated ones.

Fig. 19—Brachial valve C.P.C. 1955, 120 feet stratigraphically below Mt. Hardman,
on south side; West Kimberley District. Liveringa Formation.

20, 21—Krotovia micracantha (Hosking) Page 61

Internal and external views (x 14) of brachial valve C.P.C. 1954, 2,000 feet west
of Callytharra Spring, Wooramel River, Carnarvon Basin. 120 feet above base of
Callytharra Formation.

Fies. 22, 23—Krotovia sp. ind. A. .. .. Page 67

Dorsal.and ventral views (x 14) of C.P.C. 1952, Pell’s Range, Carnarvon Basin, 14}
miles north-east of Towrana Homestead, army map grid co-ordinates 336,500 east-
1.853,200 north. 118 feet above base of Callytharra Formation.
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PLATE 10.

Fi1e8. 1-T—Tacniothaerus (?) fletcheri sp. nov. (cont.) .. S o~ .. Page 91

Fias.

Figs. 1, 2—Dorsal and ventral views (x §) of holotype C.P.C. 1950, 120 feet
stratigraphically below top of Mt. Hardman, on south side, West Kimberley District.
Hardman Member, Liveringa Formation.

Fig. 3—Cardinal process (latex cast) of U.W.A. 32024, probably T. (?) fletcheri;
Tutu Windmill, Nerrima Creek, Noonkanbah area, West Kimberly District. Hardman
Member of Liveringa Formation.

Figs. 4-6—Ventral, posterior and upright longitudinal views of paratype U.W.A. 29438;
same locality, formation as 32024 above.

Fig. 7—Pedicle valve (paratype) U.W.A. 20440, showing ornamentation of elongated
spines tending to form rows particularly over anterior part.

8-14—Waagenoconcha imperfecta Prendergast .. .. Page 82

Figs. 8, 9, 10—Upright longitudinal, ventral and dorsal views of UVV A. 3044 (holo-
type), showmw quincuncially arranged spines giving place to fine spines, incurved
umbo, a.hsonce of area; Luluigni Station, West Kimberley District. Hardman
Member.

Fig. 11—Posterior view of specimen U.W.A. 32029; base of Mt, Hardman, West
Kimberley District. Hardman Member.

Fig. 12—Dorsal view of limonitic cast, U.W.A. 2045a, showing impression of internal
features (x #); north flank of Mt. Cedric, West Kimberley District. Hardman
Member.

Fig. 13—Impression of external of brachial valve, one of original type specimens,
U.W.A. 2775, Luluigui Station, West Kimberley District. Hardman Member.

Fig. 14—Anterior view of inverted’ pedicle valve, specimen U.W.A. 29016b, showing
banding and fine pits, remnants of spine-bases; outcrop 1 mile west of Luluigui
Home\tead West Kimberley District. Hardman Member.
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Fies.

‘F1as.

F1es. 13, 14—T. irwinensis sp. nov. ..

PLATE 11.

1-6—Waagenoconcha imperfecta Prendergast (con.) i .. DPage 82

Fig. 1—Dorsal view of same specimen as figure 14, of preceding plate.

Figs. 2-4—Upright longitudinal view of U.W.A. 29016a and plan and oblique views of
brachial valve (3, 4) of same specimen showing internal features, particularly
cardinal process curving into umbonal cavity (Fig. 4 x ) ; same locality, formation
as 20016h above.

Figs. 5, 6 Dorsal and upright longitudinal views of specimen U.W.A. 29016¢; same
locality, formation as paratype 29016b above.

7-12—Taeniothaerus coolkiliensis sp. nov. Page 89

Fig. 7-10—Upright longitudinal, ventral, posterior and dorsal views of holotype
U.W.A. 27444 (x §); north-east side of syncline north of Minilya River, west of
Coolkilya Pool, Carnarvon Basin. Wandagee Formation.

Figs. 11, 12—Dorsal views of internal casts showing impressions of internal features,
U.W.A. 32042 (x £), and 32043; Glendevon Homestead, Woolaga Creek area, east of
Mingenew township. Fossil Cliff Formation.

Page 93

Cardinal processes of U.W.A. 12398 and paratype 12396; Fossil Cliff, Irwin River,
near Mingenew township. Fossil Clifft Formation.

163




Permian Productacea from Western Australia PrLATE 11




Fies.

Fics.

PLATE 12.

1-6—Taeniothaerus irwinensis sp. nov. (cont.) .. s sis .. Page 93

Figs. 1-3—Internal, upright longitudinal, external views of paratype brachial valve
U.W.A. 10932 (Figs 2, 3 x #): Fossil Cliff, Irwin River, near Mingenew Township.
Fossil Cliff Formation.

Figs. 4, 5—Ventral and npright longitudinal views of holotype pedicle valve, U.W.A.
32044 (x F), same locality, formation, as 10932 ahove.

Fig. 6—Transverse view of U.W.A. 23437 showing small area and incurved umbo;
same locality and formation as 10932 above.

T-11—1'. miniliensis sp. nov. .. o3 s ; .. Page 96

Fig. 7-—Ventral view showing cardinal process projecting through broken valve and
alar spines x #; paratype UW.A. 27545, west side of syncline, south bank of
Minilya River, west of Coolkilya Pool, Carnarvon Basin. Wandagee Formation.

Fig. 8—Dorsal view of paratype U.W.A. 27406, x 3; north-east side of same syncline
as 27545 above, but north bank of Minilya River. Wandagee Formation.

Figs. 9-11—Dorsal, posterior and upright longitudinal views of holotype U.W.A. 34445
(Fig. 9 x 3); same loeality, formation, as 27545 ahove.
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PLATE 13.
All figures x 3.

1-9—Tacniothaerus miniliensis sp. nov. (cont.) .. ws s .. Page 96

Figs 1-3—Ventral, upright longitudinal and dorsal views of paratype U.W.A. 27254a;
same locality as 27545, preceding plate, fig. 7.

Fig. 4—Dorsa view of paratype U.W.A. 27454; with attached Htheridgina muirwoodae
Prendergast; same locality, formation as 27406, preceding plate, fig. 8.

Figs. 5, 6—Uprightlongitudinal and dorsal views of decorticated spec. U.W.A. 27600x ;
east side of syneline north bank of Minilya River, west of Coolkilya Pool.
Wandagee Formation.

Fig. 7—Brachial valve showing internal features of paratype U.W.A. 27134; same
locality, formation as 27406 figured preceding plate.

Figs. 8, 9—Upright longitudinal and internal features of 27254 (portion of pedicle
valve adhering to cardinal margin); same locality, formation, as 27545 figured
preceding plate.
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PLATE 14.
All figures except Fig. 8, x 3.
F1gs. 1-8—Taeniothaerus miniliensis sp. nov. (cont.) .. - . .. DPage 96
Fig. 1—Dorsal view of paratype U.W.A. 27358; same locality, forma,tlon as 27545
figured plate 12.
Fig. 2—Upright longitudinal view of paratype brachial valve UW.A. 27134 figured
preceding plate.
Fig. 3—Upright longitudinal view of paratype U.W.A. 27116, with attached Etheridgina
muirwoodae Prendergast; same locality, formation, as 27406 figured plate 12.

Fig. 4—Posterior view of decorticated paratype U.W.A, 22712, showing distorted umbo
and diductor muscle impressions: from same syncline as above specimens but exact
locality doubtful.

Fig. 5—Dorsal view of immature paratype U.W.A. 27600 ; same locality, formation, as
27545 figured plate 12, but east side of syncline.

Fiz. 6—Internal features, minus cardinal process, of brachial valve of paratype 27454
figured plate 13.

Fig. 7—Dorsal view of U.W.A. 27254¢, with higher area and more distorted umbo than
is usual; same locality, formation, as 27545 figured plate 12.

Fig. 8—Posterior view of paratype U.W.A. 27406, figured plate 12, showing cicatrix
of attachment. Nat. size.

Fies. 9-11—7'. sp. afl. miniliensis sp. nov. .. .. Page 101

Ventral and dorsal views of U.W.A. 34446, “from top of zone of Calccohspongm

abundans Teichert, east limb of Minilya synclme, Minilya River; and ventral view

of U.W.A, 27406¢ showmv transition from coarse to fine spine-bases; same locality,

formation as 274006 ﬁ«rured plate 12. Both above specimens from Carnarvon Basis.
Wandagee Formation.
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PLATE 15.
All figures x i.

Fies. 1-7—Tacniothaerus subquadratus ( Morris) - ca . I e ST

Figs. 1-2—Ventral and upright longitudinal views of B.M.91171, 7\It W ellm"ton and
Ait. Dromedary, Tasmania. Permian, possibly Cascades stage.

TFig. 3—Crushed, partially decorticated specimen, Univ. of Queensland ¥.11050, Granton
Quarry, mear Mt. Dromedary. Tasmania. Granton substage of Cascades stage,
Lower Marine series of Tasmania. Shows trace of cardinal process and long spines.

Figs. 4-6—Ventral, upright longitudinal and dorsal views of Melbourne University
specimen, 1994, rather decorticated but showing remmants of spine-hases.  From
limestone about Upper Glenorchy reservoir, Glenor chy, Tasmania. Granton substage,
Cascades stage, Lower Marine series of Tasmania.

Fig. 7—Ventral view of partly erushed specimen, University of Sydney, 11571, Collins-

1
vale Quarry, near Hobart, Tasmania. Stratigraphical position pmh'lbl_\ as for two
preceding specimens,

Fies. 8-12—7'. ef. subquadratus (Morris) .. - wi - .. Page 102
Figs, 8, T1—Upright longitudinal and posterior views of U.W.A. 34451: Glendevon
llumoxtmd near Woolaga Creek, east of Mingenew township. Fossil Cliff

Formation. Internal east.
Figs. 9, 10, 12—Ventral, upright longitudinal and posterior views of U.W.A. 32316a;
same hwﬂxt\ formation as 34451 above. Internal cast.
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PLATE 16.

All figures x

Fies. 1-8—Taeniothaerus teicherti sp. nov. .. . .. Page 104
Figs.1-3—Dorsal, posterior and upnrrht ]ongltudmal views of holotype C.P.C. 1008;

2 mile east of Calvary Spring, 7 miles south-east of Mooka Station Homestead,
Carnarvon Basin. Lower part Wanda"ee Formation.

Figs. 4, 5, 8—Upright longitudinal, internal and external views of paratype C.P.C.
1012 same locality. formation as holotype above.

Fig. 6—Internal view of paratype C.P.C. 1014; same locality, formation as holotype
above.

chta

Fig. 7—Upright longitudinal view of paratype, C.P.C. 1015, showing marginal flange;
same lm-ulln fmmatmn as holotype above.
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PLATE 17.

F1es. 1-5—Taeniothaerus teicherti sp. nov. x 3 (cont.) 52 e .. Page 104

Fies.

Fig. 1—Dorsal view of paratype C.P.C. 1011; same locality, formation, as holotype
1008, figured preceding plate.

Tig. 2—Dorsal view of paratype C.P.C. 1010; locality, formation as for holotype,
figured preceding plate.

Fig. 3—Same of paratype C.P.C. 1013.

Figs. 4, 5—Upright longitudinal and internal views of brachial valve paratype C.P.C.
1016 ; locality, formation as above.

6-11—Htheridgina muirwoodae Prendergast .. w s .. Page 109

Fig. 6—Pedicle valve on Taeniolhaerus miniliensis sp. nov. showing cardinal teeth;
U.W.A. 27469, north-east side of syncline north of Minilya River, west of Coolkilya
Pool, Carnarvon Basin. Lower part Wandagee Formation.

Fig. 7—View to show cardinal areas on both valves (top left) of lectotype, one of three
types all attached to valve of Neospirifer sp. Aus. Mus. F.16699, Balmaningarra, Mt.
Marmion, West Kimberley District.

Fig. 9—Plan aspect of same types showing teeth and raised adductor muscle platforms.

Fig. 8—Two specimens attached to distorted Linoproductus cf. cancriniformis Tschern.;
Aus. Mus. F.16812 (topotype), same locality as lectotype above.

Fig. 10—Specimen on C.P.C. 1028 showing adherent spines and reflection of spine-
bases from underlying host shell x 2; same locality, formation, as for holotype of
T. teicherti figured plate 16.

Tig. 11—Posterior view of specimen, together with bryozoan, on trail of pedicle valve
of U.W.A. 271186, figured plate 14, fig. 3. x 3.

130



Permian Productacea from Western Australia PLATE 17




PLATE 18.

FiGs. 1, 2——-St1ophalolsw clarkei (]'thend( e).
Internal views of two specxmens, B.M.B. 5885, Capertee, N.S.W. (figured Lthendge fil.,
1880). Shows depressions either side of median septum. Plaster casts. x #.

I'1es. 3-14—N. multispinifera Prendergast (revised) .. s .. Page 114

Figs. 3, 4—Ventral and upright lunnltuduml views of sediment- hlled worn pedicle valve,
holut)pe U.W.A. 20458; scarp 2 miles cast of Christmas Creek Homestead, West
Kimberley District. Noonkanbah Formation.

Fig. 5—Internal view of U.W.A. 27454h: locality, formation as for 27454, figured plate
13, fig. 4.

Figs. 6, 7—Upright longitudinal and internal view of U.W .A 34456 ; 8 miles south-west
of Lyons River Homestead—detailed locality in text. Wandagee Formation.

Figs. 8, 9, 10—Upright longitudinal, ventral and dorsal views of pedicle valve, U.W.A.
27454a x 9/10; locality, formation as for 27454, figured plate 13, fig. 4.

Figs. 11, 12, 14—Ventral view of pedicle valve U.W.A. 34454, and ventral and dorsal
views of U.W.A. 34455. Locality as for 34456 above.

Fig. 13—Internal features of pedicle valve (limonitic cast) U.W.A. 29057; Ellendale
Station, 14 miles north-west of Boal Bore, West Kimberley District. Possibly
Liveringa Group.

Fras. 15, 16—S8. prideri sp. nov. .. .. DPage 116

Dorsal and ventral views of holotype, C P.C. 1018 rwht bank Lyndon River, 9 miles
east of Mia Mia Homestead, Carnarvon Basin. Base of Bulgadoo Shale.
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Figs. 1-19—~Strophalosia prideri sp. nov. (cont.) - .

PLATE 19.

s wi Page 116

Fig. 1—Upright longitudinal view of holotype (preceding plate, figs. 15, 16) pedicle
valve crushed.

Figs. 2, 3—Dorsal and ventral views of paratype C.P.C. 1019; locality, formation as
holotype. )

Figs. 4, 9—Upright longitudinal and internal view of brachial valve C.P.C. 1024;
holotype locality.

Fig. 5—Internal view of brachial valve paratype U.W.A, 34458; holotype locality.

Fig. 6—Dorsal view of paratype C.P.C. 1020; holotype locality.

Figs. 7, S—Ventral and upright longitudinal views of paratype C.P.C. 1023; holotype
locality.

Figs. 10-13—Growth series, dorsal views of paratypes C.P.C. 1025, 1026, 1021, 1022;
holotype locality.

Figs. 14, 15—Upright longitudinal and internal views of paratype C.P.C. 1027; holotype
locality.

Fig. 16—Pedicle valve showing adductor muscle impressions, paratype U.W.A. 34459;
holotype locality.

Figs. 18, 19, 17—Growth series, internal views of brachial valves (fig. 17 broken spec.)
paratypes U.W.A. 34460, 34461, 34462; holotype locality.

Fies. 20-32—S8. (Heteralosia) etheridgei Prendergast. . - .. Page 120

Fig. 20—Internal view of pedicle valve U.W.A. 27157e with umbo broken away,
showing raised adductor muscle impression, x 2; type locality, creek 3 mile west
of Callytharra Springs, Wooramel River, Carnarvon Basin. Callytharra Formation.

Figs. 21, 22, 29—Upright longitudinal and ventral views of same specimen, figs. 21,
22 natural size, fig. 29 x 14.

Figs. 23, 32—Ventral and dorsal (x 2) views of U.W.A, 27157e above.

Figs. 24, 25, 26—CGrowth series, internal views of brachial valves (x 2) U.W.A.
271571, g, h; locality, formation as above, 27157e.

Figs. 27, 28—Internal (x 14) showing one of the cardinal teeth, and ventral views of
U.W.A. 20448; Fossil Cliff, Irwin River, near Mingenew township. Fossil Cliff
Formation.

Figs. 30, 31—Ventral views of immature specimens, U.W.A. 27157k and 27157b;
locality, formation as above, 27157e.
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Fias.

Figs.

Fics.

FIGs.

PLATE 20.
1-6—~N. (Heteralosia) irwinensis sp. nov. v .. Page 122

Figs. 1, 2—Internal and ventral views of holotype UWA 23.3418. Tossil Cliff, Irwin
vaer near Mingenew township. Fossil Cliff Formation.

Figs. 3. 4—Internal and ventral views of paratype U.W.A. 12399;: same locality,
formation as 23341a above.

Fig. 5—Dorsal view of complete specimen, paratype U.W.A. 23341b; locality, formation
as 2334la above.

Fig. 6—Internal view of paratype brachial valve, UW.A. 34463 (x 2); same locality,
formation as 23341 above.

7-19—S. (Het.) kimberleyensis Prendergast .. 3 .. Page 124
Figs. 7, 8—Dorsal and posterior views of crushed specimen, UWA 27582a, showing

bases of cardinal spines; east side of syncline, south of Minilya River, west of
Coolkilya Pool, Carnarvon Basin. Wandagee Formation, lower part.

Figs. 9, 10, 11—Internal, upright longitudinal and dorsal views of U.W.A. 27797;
Nalbia Paddock, Wandagee area, general locality, formation as 27582a above.

Figs. 12, 13, 17—Same views of paratype U.W.A. 20455; Noonkanbah Homestead, West
Kimberley District. Noonkanbah Formation.

Fig. 14—Dorsal view of U.W.A, 27797b; locality, formation as for 27797 above.

Fig. 16-—Internal view of paratype U.W.A. 20460, showing cardinal teeth, raised
adductor impressions, depressed diductor impressions; north of Hill C, south side
of Grant Range, West Kimberley Division. Liveringa Formation.

Figs. 15, 18, 19—Ventral, postericr aud dovsal views of holotype U.\W.A. 20452 same
locality, formation as 20460 above.

20-35

Figs, 20-24—Dorsal (x 21, dorsal (natural size), uluwht lnnultn(lmul, ventral (x 13)
and ventral (nmatural size) views of holotype UWA 28444a; flattening of the umbo
due to cicatrix of attachment. 350 yards west of place on fence between Barabiddy
and Weer Paddocks, 2,200 yards south of gate in that fence, near Barabiddy
Creek, south of W.mda,nee Homestead, Carnarvon Basin. Cundlego Formation.

Figs. 25-28—Dorsal, upright longitudinal, dorsal (x 2), and ventral (x 1}) views of
paratype U.W.A. 20449; Waltharrie Pools, Wooramel River, Carnarvon Basin.
Callytharra Formation.

Tigs. 29-31—Ventral (x 13), ventral and upright longitudinal views of paratype
U.W.A. 3446S8: limestone at base of Mt. Hardman West Kimberley Distriect.
Liveringa Formation.

Fig. 32—Internal view of brachial \al\e, right side of cardinal process broken off,
paratype U.W.A. 34470; same locality, formation as 34468 above.

Figs. 33-35—Dorsal (x 2), ventral, and ventral (x 1%) views of immature paratype

UWA 34469, showing large clcutrl\ of attachment (figs. 34, 35) and pseudo-
deltidinm (fig. 33). ‘%ame locality, formation as for 34468 above.

S. (Hel.) prendergastae sp. nov. % . " .. Page 127

35, 37—AN. (Het.) tenuispina Waagen .. . .. Page 130

Upright longitudinal and ventral views of UWA 20401 pedlcle valve; Fossil CIiff,
Irwin River, near Mingenew township. Fossil Cliff Formation.
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PLATE 21.

Fies. 1, 2, 9-11—Taeniothaerus miniliensis sp. nov.

Fig. 1—Dorsal view of largest specimen found (x %), cardinal area small, U.W.A.
27116; figured with locality, formation, plate 14, fig. 3.

Fig. 2—Dorsal view of U.W.A. 27380 (x %), shewing rhynchonellid and coral, Amplexri.;
sp., attached to alar extremities; same locality, formation as 27406, figured plate 12,
fig. 8.

Figs. 9-11—DPolished sections of shell of Taeniothaerus miniliensis specimens, showing
roots of spine bases, shell laminae, and anterior inclination of internal spikey
pustules. Fig. 9 portion of brachial valve anterior to trail; Figs. 10, 11 include
geniculated region and part of trail, and show the shell thickening over the
geniculated region. In all figures the spines point anteriorly, the external surface
is uppermost. x 5.

Fi6. 7—Taeniothaerus irwinensis sp. nov. C.P.C. 1953, 2,000 feet west of Callytharra
Spring, Wooramel River, Carnarvon Basin; Callytharra Formation. Internal view
of brachial valve showing cardinal process and perfectly preserved dendritic muscle
impressions.

Fiec. 12—A commonly preserved association shown by a brachial valve of a Taeniothaerus
with fragmentary remains of bryozoa.

Fics. 3-6, 8—Awulosteges variabilis Helmersen 1847.
Reproduction of some of Helmersen’s original figures of A. variabilis = Orthis-
wangenheimi Verneuil.

By Authority: A, J. Arinor, Commonwealth Government Printer, Canberra.
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