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Introduction

Planktonic molluscs from the fossil record have recently been demonstrated to be
potentially useful for biostratigraphical zonation of Cainozoic deposits and for long
distance correlations (King, 1981, 1984; Janssen & King, 1988; Janssen, in press;
Janssen, in prep.). An absolute condition for a successful application, of course, is a
sound systematic base for the species involved. The fossil forms have been treated
rather insufficiently, contrary to the Recent representatives of this mollusc group, on
which an extensive literature is available.

Mollusc groups which, because of their planktonic way of life, should be studied
in this respect, are especially the Heteropoda and the "Pteropoda’. The latter denomi-
nation is a rather obsolete name for a somewhat heterogeneous group of gastropods, to
which both shell-bearing and naked species belong. The shelled species, the only ones
of course to be found as fossils, belong to two main groups of the gastropods, respec-
tively indicated as Gastropoda Euthecosomata and Gastropoda Pseudothecosomata.
The Gymnosomata have exclusively their embryonic shell calcified, which fias been
described from sediment or plankton for a very restricted number of species only.
Because of the very small dimensions of their shells Gymnosomata are hardly known
from the fossil record. Among the Pseudothecosomata only very few fossil representa-
tives are known, and none of them from the Australian continent. The species
discussed in the present paper all belong to the Euthecosomata.

While examining material for her study of Recent planktonic gastropods in the
collections of the Australian Museum (Sydney) Miss Leslie Newman (University of
Queensland, Brisbane) came across a sample of fossil pteropods from the well-known
Muddy Creek locality near Hamilton. She asked Professor S. van der Spoel (Institute
for Taxonomical Zoology, Amsterdam) his opinion on this sample and he transferred
it to me for identification.

Only one paper on the systematics of fossil Australian Pteropoda had appeared
(Tate, 1887), but the specimens in Miss Newman’s material, belonging to three
species, couldn’t easily be identified using that paper. Therefore, Tate’s type material
was located and I started to gather additional Australian pteropod material. A specific
search for fossil planktonic gastropods obviously had never taken place in Australia. So
the number of available samples remained restricted.

A great help for the present study was the generous gift of a collection of Austra-
lian and New Zealand pteropod samples by Mr D. Curry (Itchenor, U.K.) in 1987.
When he heard about my intentions he was kind enough to forego the material and to
donate it to the RGM collections. The present paper summarizes the information on
all known Australian species. Holotypes of new species, chosen from the RGM
material, are placed into the collections of the Museum of Victoria, Melbourne. Thus,
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all primary type specimens of the Australian Cainozoic pteropods are housed in
Australian institutions.

Unfortunately many samples from the Australian continent lack detailed infor-
mation on the levels from which they were collected (for none of them for instance the
nannoplankton zone is known!) and sometimes this shortage of information prevents a
satisfying taxonomical interpretation. This is especially so for the Muddy Creek
locality near Hamilton, where representatives of the genus Vaginella cannot properly
be evaluated. The only possibility to solve such problems is the detailed sampling of
the complete succession.

LOCATION OF MATERIAL AND ABBREVIATIONS USED IN THE TEXT

The pteropod material used for this paper is preserved in the collections listed below
and referred to in the text by the following abbreviations:

AMS The Australian Museum, Department of Malacology, Sydney, N.S.W., Australia

BM(NH) British Museum (Natural History), Palacontology Department, London, U.K.

NMV Museum of Victoria, Department of Invertebrate Palacontology, Melbourne, Victoria,
Australia.

RGM Rijksmuseum van Geologie en Mineralogie (now forming part of the Nationaal
Natuurhistorisch Museum), Department of Cainozoic Mollusca, Leiden, The Nether-
lands.

SAM South Australian Museum, Section Palacontology, Adelaide, South Australia,
Australia.

USNM United States National Museum, Washington, U.S.A.

WAM Western Australian Museum, Perth, Western Australia, Australia.

In the systematic part the symbols of Richter (1948, p. 54) are used to indicate the
degree of certainty with which a synonym is quoted:

* - first valid introduction of a taxon;
. -responsibility for the identification is accepted by the present author;
- (no symbol) responsibility for the identification is not accepted by the present author, but there is

no reason for doubt;

? -in the opinion of the present author there is reason to doubt the identification;

v - the original material of this reference was studied by the present author;

( )- (date between brackets) the year of publication is uncertain (or the paper has not been published
officially, e.g. thesis).

In the paragraphs *material studied’ in the systematic descriptions below, the localities
are only briefly mentioned. Additional information is given in Table 8 in the chapter
on Biostratigraphy.
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donation of Italian pteropod material; Mr J. Timmers (Nationaal Natuurhistorisch
Museum, Leiden, The Netherlands), for drawing text-figs. 2 and 3; Mr J. van der Voort
(Ostercappeln, F.R.G.), for showing pteropod material from Turkey.

NOTES ON THE ILLUSTRATIONS

All specimens illustrated in Plates 1-9 were drawn by the author, with a WILD MS or
M8 binocular with camera lucida device. The original drawings were reduced by half
for printing.

Each figure represents various views of one specimen (indicated a, b, c, etc.),
taken at right angles (projections). In the limacinids sometimes an oblique apical view
is given, to obtain an impression of the height of the apex in more or less planorboid
species. Specimens are represented as individuals, so injuries and damage are shown in
the drawings. This makes specimens easily recognizable afterwards and prevents an
undesired schematizing of the illustrations.
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On plates 10-13 scanning electron micrographs are given of several species. They
were made by the author with the Jeol JISM 840A SEM of the Nationaal Natuurhisto-
risch Museum, Leiden (gold coating).

Note on R. Tate’s 1887 paper

The only earlier paper exclusively dedicated to the study of Australian fossil Eutheco-
somata is Ralph Tate’s 1887 contribution of nearly two pages in the Transactions and
Proceedings of the Royal Society of South Australia, volume 9, entitled *"The Ptero-
pods of the Older Tertiary of Australia’. This paper comprises five pteropod species, all
introduced as new to science, from four different localities (Muddy Creek, Schnapper
Point, Adelaide, and Blanche Point). The paper was illustrated (pl. 20} with drawings
made by W.J. Chidley. The magnification of his figures, unfortunately, was not
indicated. In Fig. 1 the drawings of the pteropods on Tate’s plate 20 are reproduced,
somewhat enlarged and re-arranged.

/24

Fig. 1. Illustrations of pteropod species introduced by Tate (1887, pl. 20), drawn by W.J. Chidley.
Magnification not indicated, the drawings are re-arranged and magnified X 1.4 from the original
plate.

1. Swyliola annulata Tate (Aldinga, enlarged).

2. Swliola Rangiana Tate (Muddy Creek, much enlarged).

7. Vaginella eligmostoma Tate (Muddy Creek, much enlarged, aperture in outline).

9. Styliola bicarinata Tate (Muddy Creek, enlarged, natural size and section in outline).

12a-c. Spiralis tertiaria Tate (Muddy Creek, much enlarged); a: base; b: front view; c: apical aspect.
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Fortunately Tate’s type material is still present in the collection of the South
Australian Museum. It was made available to me by Drs N. Pledge and B. McHenry of
that museum, to whom I am very grateful indeed for their co-operation and patience.

A critical revision of Tate’s samples is included in the systematic descriptions of
the species below. My conclusions are summarized in Table 1.

Table 1. Interpretation of Tate’s pteropod species in the present paper.

Tate’s 1887 identifications this paper

Spiralis tertiaria Tate, 1887 Limacina tertiaria (Tate, 1887)

and L. inflata (’Orbigny, 1836)

Styliola rangiana Tate, 1887 Swyliola subula (Quoy & Gaimard, 1827)
Styliola annulata Tate, 1887 Praehyalocylis annulata (Tate, 1887)
Styliola bicarinata Tate, 1887 Vaginella bicarinata (Tate, 1887)
Vaginella eligmostoma Tate, 1887 Vaginella depressa Daudin, 1800

Systematic descriptions

Phylum MOLLUSCA

Classis GASTROPODA

Ordo THECOSOMATA
Subordo EUTHECOSOMATA
Familia LIMACINIDAE

Genus Limacina Bosc, 1817
Type species — ’le Clio hélicine’ = Limacina helicina (Phipps, 1774) by monotypy.

Discussion — Biologists working on this group are used to the application of the genus
name Limacina, in preference of the equally old (December 1817!) name Spiratella de
Blainville (monotype: ’clio helicina™), which has been more popular among palaeont-
ologists. A decision of the I.C.Z.N. would be necessary to declare one of the two names
a nomen conservandum by putting it on the official list, but pending such a decision,
which as far as I know has not yet been applied for, I chose to use Limacina. 1 decided to
do so as this name has been used more frequently than Spiratella.

There are good reasons to try and subdivide the genus Limacina in several
subgenera, as has also been done for the Recent representatives, e.g. by van der Spoel
(1967). There has been some discussion on the subject (Wells, 1978), but the problems
become, of course, more severe, as soon as the fossil forms are also drawn into the
discussion. Still, there are indications that especially the construction of the apertural
reinforcements may be applied for a responsible and useful subdivision. A discussion
on this subject is beyond the scope of the present paper; it will extensively be treated
elsewhere (Janssen, in prep.). For the time being the name Limacina is used in a broad
sense.
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Limacina atypica (Laws, 1944)
PL 1, figs. 1-2; PL 10, figs. 1, 3.

* 1944 Spiratella atypica n.sp., Laws, p. 312, pl. 44, figs. 21, 23.
1966 Spiratella atypica Laws, 1944 - Fleming, p. 84.
1982 Spiratella atypica Laws - Bernasconi & Robba, p. 215.

Description — Only juvenile specimens are available. Shell very small, sinistral, with up
to 2 3/4 convex whorls, regularly and rather quickly increasing in diameter. The shell is
c. 1.5 to 1.6 times wider than high and has a flat apical side. The whorls are coiled in a
plane spiral and only produced downward. The periphery is evenly rounded, with a
gradually convex transition into the base and the umbilicus, which occupies somewhat
less than 15% of the shell diameter. The aperture is obliquely ovoid, very slightly
indented by the penultimate whorl. None of the more or less complete specimens
demonstrates apertural reinforcements.

Type material — Holotype in the Laws collection (Laws, 1944, p. 297), now in the collec-
tion of the New Zealand Geological Survey (Dr P.A. Maxwell, pers. comm.). Five
paratypes from the type locality are in the RGM collection (RGM 229 415, 229 729, 229
735, see PL. 10, fig. 1), donated by Mr D. Curry, who received these specimens from
C.R. Laws. Type locality is Pakaurangi Point, Kaipara, New Zealand (Early Miocene,
?Late Otaian). Laws (1944) indicated the age of the sample as ’Altonian’. The litho-
stratigraphical provenance was not given in the original publication. Dr P.A. Maxwell
(in litt., 1.8.1988) supplied the following additional information:

’Although Laws did not give locality details for Spiratella ferax or S. atypica, ] am reasonably certain
that both came from a bed with abundant pteropods at Holland’s Point (near Pakaurangi Pt, Kaipara
harbour). This bed (informally known as the *pteropod bed’ or the *Vaginella bed’) is near the top of
the Waiteroa Member of the Pakaurangi Formation and is dated as late Otaian rather than Altonian.
Both species occur higher in the Pakaurangi section in beds of early Altonian age, [.....]."

Material studied — Spring Creek near Torquay, Australia (probably Late Oligocene to
Early Miocene, Janjukian-Longfordian): 3 juvenile specimens, 36 juvenile and more or
less defective specimens and some fragments, RGM 229 413-415, 229 736.

Discussion — Unfortunately the sample yielding this species is incompletely labelled.
Not only the locality is just roughly indicated, but also the stratigraphic level is
unknown. The state of preservation of the type sample of Limacina curryi (from
Torquay, Bird Rock) is very much the same as the Spring Creek sample and therefore
these two samples most probably do not differ strongly in age. This is furthermore
suggested by the fact that some juvenile specimens from the Spring Creek sample
belong undoubtedly to L. curryi, as is clearly indicated by their raised apices.

The present material exclusively contains immature specimens, which were
compared with the few paratypes of Limacina atypica (Laws) in the RGM collection.
Judging from the original publication the illustrated type specimen is also a juvenile
specimen or a shell with a damaged aperture. In the explanation of the plate it was
indicated as the holotype, but on p. 312 Laws wrote *The figure is that of a paratype’.
None of the specimens has an indication of apertural reinforcements and also Dr P.A.
Maxwell (in litt., 1.8.1988) noted: ’I have examined numerous specimens of S. atypica
and have seen nothing to suggest that the outer lip is other than simple (i.e. without
obvious reflection, internal thickening or processes)’.
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There seems to be hardly any morphological difference between the Australian
and the New Zealand form, and therefore Laws’s name is applied for the Australian
form as well.

Surprisingly the L. atypica specimens studied here demonstrate a close resem-
blance with juvenile specimens of L. tertiaria (compare Pl. 1, fig. 1 and P1. 3, fig. 8). The
New Zealand species reaches larger dimensions: the specimen illustrated by Laws has
a diameter between 1.6 and 1.7 mm, whereas the L. tertiaria specimens remain below
1.2 mm diameter.

Limacina curryi sp. nov.
PL 1, figs. 3-5; P1. 11, fig. 3.

Holotype — PL. 1, fig. 3, leg./don. D. Curry, NMV P 123 405.

Type locality — Torquay, Bird Rock, Otway Basin, Victoria, Australia.

Stratum typicum — The type sample was collected from the Glycymeris Beds’, as described in Singleton
(1941, p. 39), belonging to the Torquay Group, Jan Juc Formation (Late Oligocene, Janjukian; see
Ludbrook, 1967, p. 14; 1973, p. 248).

Derivatio nominis — It is an honour to name this species after Mr Dennis Curry (Itchenor, U.K.), in
recognition of his contributions to the study of fossil pteropods and in appreciation of his donation of
an important series of samples discussed in this paper.

Description — Rather small, sinistral shell with up to 3 1/2 whorls, regularly and rather
quickly increasing in diameter. Together the whorls form a depressed cone with an
apical angle of ¢. 150-155°. The adult shell is c. 1.4 times wider than high. The point of
attachment of each volution lies just above the periphery of the preceding one, so there
is only a very small overlap of whorls in an apical view. The body whorl is large with a
perfectly rounded periphery and a gradual transition of the base into the umbilicus,
which is rather wide, occupying c. 15% of the shell diameter (straight umbilical view).

Plate 1

Figs. 1-2. Limacina atypica (Laws, 1944)

Spring Creek near Torquay; ?Late Oligocene to Early Miocene, Janjukian-Longfordian.
la-c: Juvenile specimen, RGM 229 414, X 22.

2: Juvenile specimen, RGM 229 415, X 22,

Figs. 3-5. Limacina curryi sp. nov.

Torquay, Bird Rock, Otway Basin; Oligocene, Janjukian, Torquay Group, Jan Juc Formation, Glycy-
meris Beds.

3a-d: Holotype, NMV P123405, x 25.

4a-d: Paratype, RGM 229 421, X 25,

5: Paratype, juvenile, RGM 229 422, X 25.

Fig. 6. Limacina ? dilatata (von Koenen, 1892)
NW of Cape Otway, N of Pt. Flinders; Late Eocene/Early Oligocene, Aldingan, Glenn Aire Clay
Formation. Juvenile specimen with damaged aperture, AMS C149.279, X 25.

Figs. 7-8. Limacina aff. gramensis (Rasmussen, 1968)

7a-d: Batesford, new quarry; Miocene, Batesfordian to Bairnsdalian, Fyansford Formation, grey
clays. Subadult specimen, RGM 229 441, X 2§,

8a-b: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation.
Juvenile specimen, RGM 229 469, X 25.
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The aperture is large, almost vertical in a lateral view, but somewhat obliquely
situated in a frontal view. Its form is semicircular, with an almost straight columellar
part and a very slight indentation by the preceding whorl. Sometimes there is an indica-
tion of a notch on the columella. In adult shells the apertural margin is very slightly
widened (lateral view), not thickened externally. The apertural margin is reinforced
internally by a slightly thickened ridge, running parallel to the growth-lines at a short
distance from the actual margin, which therefore is always sharp and thin. In the very
well preserved type sample the shell material is hardly recrystallized (still transparent!)
and the internal ridge is visible externally as a vertical opaque belt, which demonstrates
a sharper delimitation anteriorly than posteriorly.

The surface of the shell is smooth and shiny with only poorly visible growth-
lines, running downward from the upper suture with a very slight backward curvature.

Material studied— Holotype NMV P123405; 1 paratype (PL. 1, fig. 4), 1 juvenile paratype
(PL 1, fig. 5), 1 paratype (P1. 11, fig. 3), 59 paratypes from the type-locality, RGM 229
420-422, 229 740.

Torquay, Bird Rock, Australia (Oligocene, Janjukian), 2 specimens, RGM 229
430.

Spring Creek near Torquay (probably Late Oligocene to Early Miocene,
Janjukian-Longfordian), 4 juvenile specimens, RGM 229 416.

Discussion — Limacina curryi, of which abundant material is available from the
type-locality, demonstrates only a slight variability, mainly restricted to the height/
width ratio. In its type-locality this species co-occurs with L. lunata sp. nov., from
which it is easily distinguished by its different proportions.

The only further sample yielding this species unfortunately is insufficiently
labelled. The only indication is *Spring Creek, Victoria’, indicating that the material
originated from a locality pretty close to the type-locality of L. curryi. Its age may be
estimated as ’probably Late Oligocene to Early Miocene’. This very sample, however,
contained a far more abundant material of yet another species, identified as Limacina
atypica, whereas the species L. lunata sp. nov., co-occurring with L. curryi in its
type-locality, is absent here. So, apparently this ’Spring Creek’ sample was collected at
a stratigraphic level different from the type-level of L. curryi. Considering the distribu-
tion of L. atypica in New Zealand, a somewhat younger age seems to be the more
probable. Although the vertical range of L. curryi is only known from the restricted
material discussed here, it may be presumed that the difference in age of the two
samples is not very large.

There seem to be no other species, inside or outside Australia, closely related to
L. curryi. The European species Limacina hospes Rolle, 1861, known from Rupelian
and Chattian deposits, has a similarly (but stronger) widened apertural margin without
an internal strengthening device, a relatively higher shell and a much narrower
umbilicus.

Limacina ? dilatata (von Koenen, 1892)
Pl 1, fig. 6.

* 1892 Spirialis dilatata v.Koenen, von Koenen, p. 994, 995, pl. 62, figs. 3a-b, 4a-c.
1912 Spirialis dilatata v K. - Gripp, p. 24.
1940 Spirialis dilatata v Koenen - Sorgenfrei, p. 60, 113.
1955 Planorbella dilatataKoenen - Korobkov, p. 427, pl. 115, figs. 5a-b, 6 (illustrations copied from
von Koenen, 1892).
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1966 Spiratella (Spiratella) dilatata Koenen - Korobkov, p. 74, 78, 79.
. 1984a Spirialis dilatata Von Koenen - Janssen, p. 69.
v.1986 Spiratella dilatata - Janssen, p. 149, fig. 1.
v.1988 Limacina dilatata - Janssen & King, p. 361, fig. 188.

Description — Shell forming a rather raised, conical spire, slightly wider than high. The
initial whorl is missing, but it can be determined that c. 3 1/2 convex whorls were
present, rather quickly increasing in diameter, resulting in an oblique suture line
(lateral view). The whorls attached a short distance above the periphery of the preced-
ing whorl. The body whorl is large, strongly and regularly convex, without any marked
transition to the base of the shell. A very narrow umbilical pit is present, occupying less
than 6% of the shell’s diameter.

The ultimate part of the body whorl is strongly damaged in the only available
specimen, which anyway would have been too juvenile to expect a fully developed
apertural margin. The columellar side of the aperture is slightly concave. In a lateral
view it can still be seen that the aperture had an oblique position with respect to the
shell’s axis, the upper part reaching somewhat beyond the base.

Syntypes — Over forty specimens from Unseburg and two from Latdorf (both localities
nowadays in the G.D.R.) were described by von Koenen (1892). The latter specimens
belonged to the Berlin Museum ("Mus. Berolini’), but both the Museum fiir Natur-
kunde der Humboldt-Universitit zu Berlin (Dr Pietrzeniuk, in litt., 11.11.1987), and
the Zentrales Geologisches Institut in Berlin (Dr Kamps, in litt., 8.2.1988) informed
me that no type specimens of this species are present in their collections. No speci-
mens are available in the von Koenen collection at Goéttingen, F.R.G. (Dr S.
Ritzkowski, pers. comm.). The age of the syntype material is stated as ’Unter-Oligocin’
= Lower Oligocene, Latdorfian, probably Upper Schonewalde Formation. Various
authors consider this interval as Late Eocene.

Material studied — NW of Cape Otway, N of Pt. Flinders, Australia (Late Eocene or
Early Oligocene, Aldingan): 1 defective specimen AMS C149.279.

Discussion — The up to now exclusively European species L. dilatata is easily recog-
nized, when adult, by its widened apertural margin. Juvenile or damaged specimens,
however, may closely resemble the somewhat younger species Limacina hospes, which
generally has a lower spire and consequently less oblique suture lines. Furthermore,
the age of the North Sea Basin material (exclusively known from the Latdorfian,
compare Janssen, 1989, p. 95) agrees conveniently with that of the Australian sample.
The fact that various authors consider the Latdorfian to be Late Eocene makes the two
age indications almost identical.

The presence of L. dilatata in the Australian faunas gains in probability by the
occurrence of what equally seems to be this species in the ’Late Eocene’ of New
Zealand (Dr P.A. Maxwell, pers. comm.).

Limacina aff. gramensis (Rasmussen, 1968)
Pl 1, figs. 7-8; PL. 2, figs. 1-4.

v* 1968 Spiratella gramensis nov. sp., Rasmussen, p. 244, pl. 27, figs. 4-7 (partim).
(For an extensive list of synonyms for the European occurrences of L. gramensis the reader is referred
to Janssen, in prep.).

11
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Description— Shell conical, higher than wide (H/W-ratio in full-grown specimens over
110), with just over five convex whorls, slowly and gradually increasing in diameter.
Each whorl is attached to the periphery of the preceding one and therefore the suture is
deep and conspicuous. The apex is slightly flattened. The outline of the spire is truly
conical, with almost straight tangents. The base of the body whorl is evenly rounded
and has a narrow, but distinct umbilicus. In a straight basal view the umbilicus
occupies less than 10% of the shell’s diameter. The aperture has an equally curved
abaxial margin, which is sharp and thin, neither widened nor reinforced. The
columellar part of the aperture is straight to very slightly concave. Growth-lines are
only visible on the basal part of the largest available specimen (compare Pl. 1, fig. 7d).

Type material — Holotype (reg. no. 1968-LBR-159) and 75 paratypes are housed in the
collections of Danmarks Geologiske Undersdgelse, at Copenhagen, Denmark. Only 8
specimens, however, are actually considered to belong to L. gramensis (cf. Janssen, in
prep.).

The type locality is Gram, Jylland, Denmark; well DGU 141.277 at Gram
Teglvaerk, depth 21.00-21.50 m below surface; Gram Clay, Langenfeldian, Late
Miocene (for more litho- and chronostratigraphical details see Janssen, in prep.).

Material studied — South side of Lake Costin, Australia (Miocene, ?Longfordian): 1
juvenile specimen, RGM 229 432.

Plate 2

Figs. 1-4. Limacina aff. gramensis (Rasmussen, 1968)

Altona Bay, SW of Newport, near Melbourne on Port Phillip Bay; Miocene, ?Balcombian, Fyansford
Formation.

la-d: Juvenile specimen, RGM 229 433, X 25.

2a-b: Juvenile specimen, RGM 229 434, X 25.

3a-b: Juvenile specimen, RGM 229 435, X 25.

4: Juvenile specimen, RGM 229 436, X 25.

Figs. 5-7. Limacina inflata (d’Orbigny, 1836)

5-6: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation, from
interior of Ancillaria pseudaustralis Tate.

5a-c: Adult specimen with well-developed ’rostrum’, fragile shell-wall broken above and below
rostrum, RGM 229 492, X 25.

6a-d: Adult specimen, with fragile shell-wall above and below rostrum for the greater part preserved,
RGM 229 491, X 25.

7a-b: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, ’lower beds’ (= Muddy Creek
Formation). Juvenile specimen, syntype of Spiralis tertiaria Tate, SAM T 239, X 25.

Figs. 8-10. Limacina lunata sp. nov.

Torquay, Bird Rock, Otway Basin; Oligocene, Janjukian, Torquay Group, Jan Juc Formation, Glycy-
meris Beds.

8a-d: Holotype, NMV P123406, X 25.

9: Paratype, subadult specimen, apex broken, RGM 229 424, X 25.

10: Paratype, juvenile, RGM 229 425, X 25,

Figs. 11-12. Limacina tatei sp. nov.
Locality data as for figs. 5-6.

11a-d: Holotype, NMV P123407, x 25.
12a-d: Paratype, RGM 229 496, x 25.



Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

inflata

lunata

13

Plate 2



14

Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

Altona Bay, Australia (Miocene, ?Balcombian): 4 juvenile specimens (PL. 2, figs.
1-4), RGM 229 433-436.

Muddy Creek, Hamilton, Australia (Miocene, Balcombian to Bairnsdalian): 1
specimen (P1. 1, fig. 8), 8 juvenile specimens, RGM 229 469-470.

Batesford, Australia (Miocene, Batesfordian to Bairnsdalian): 1 specimen (PL. 1,
fig. 7), 2 juvenile specimens, RGM 229 441-442.

Balcombe Bay, Mornington, Australia (Miocene, Balcombian): 1 juvenile
specimen, RGM 229 450.

Discussion — This species has not been mentioned before frome the Australian
Tertiary. Still, it does not seem to be a very rare fossil, as it is present in five different
samples. Unfortunately, the material does not contain completely full-grown speci-
mens and only one subadult shell (Pl. 1, fig. 7), the spire of which regretfully was
damaged after drawing. According to Dr P.A. Maxwell (pers. comm.) a similar species
is present in the New Zealand Miocene.

Some of the samples (e.g. those from Batesford and from Altona Bay, Pl. 1, fig. 7
and Pl. 2, figs. 1-4, respectively) have slightly different apices, caused by the fact that
the second whorl is relatively high. The material is too poor, however, to allow a sound
discrimination of more than one taxon.

Judging from this admittedly insufficient material it must be concluded that
there is a close resemblance to the European Late Miocene representatives of
Limacina gramensis. In the old world this latter form is part of a supposed evolutionary
lineage going from the Late Oligocene and Early to Middle Miocene Limacina valva-
tina (Reuss, 1867), through the Late Miocene Limacina gramensis (Rasmussen, 1968)
and a Limacina sp. nov. (see details in Janssen, in prep.) to the Quaternary and Recent
Limacina retroversa (Fleming, 1823).

If the Australian material indeed belongs to L. gramensis, and if the supposed
European evolutionary lineage of this group is correct, there is a discrepancy with
respect to the age of the material. It is highly unlikely that in Australia a L. gramensis
form has developed in Early to Middle Miocene times and only considerably later in
Europe. There are, however, various possibilities to explain this paradox. First of all
more material, comprising really adult individuals, will be necessary to check the
present identification. Also it cannot be excluded that the suggested evolutionary
lineage L. valvatina - L. gramensis - L. sp. nov. — L. retroversa in reality is composite. It
might very well be that the Recent (cold-water!) species L. retroversain fact has another
origin than supposed here. In that case the Australian form might as well be a prede-
cessor of L. retroversa, without any relation to the Miocene European forms. For all
these reasons it seems advisable to proceed with caution concerning the identification
of the Australian material, which is therefore assigned only tentatively to this species.

Limacina inflata (d’Orbigny, 1836)
Pl 2, figs. 5-7; PL. 3, fig. 11; PL 10, fig. 2.

* 1836 Atlanta inflata d’Orb., d’Orbigny, p. 174, pl. 12, figs. 16-19.
1840 Spirialis rostralis., Eydoux & Souleyet, p. 236.
? 1873a Planorbella imitans, Gabb, n. sp., Gabb, p. 201.
? 1873b Planorbella imitans - Gabb, p. 270, pl. 11, fig. 2.
? 1876 Embolus rostralis, Soul. sp. - Seguenza, p. 48, pl. 1, figs. 13, 13a-b (the illustrations are
mentioned in the text, but seem to have never been actually published).
? 1878 Protomedea rostralis (Spirialis), Souleyet - Tiberi, p. 77.
. 1880 Embolus rostralis Souleyet (Spirialis) - Seguenza, p. 277.
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? 1882 Planorbella imitans - Guppy, p. 175 (reprinted in Harris, 1921, p. 244).

? 1883 Valvatella imitans, Gabb - Fischer, p. 430.

v.1887 Spiralis tertiaria, spec. nov. - Tate, p. 196, pl. 20, fig. 12a-c (partim, see also L. tertiaria).
? 1892 Planorbella imitans, Gabb - Cossmann, p. 8.

? 1893 Planorbella imitans Gabb - Dall, p. 430.

? 1903 Valvatella imitans, Gabb - Lorenthey, p. 475, 523.

? 1905 Protomedea rostralis, Soul. sp. - Bellini, p. 30.

? 1922 Limacina inflata (Orbigny) - Pilsbry, p. 308, fig. 1.

? 1934 Limacina inflata (d’Orbigny) - Collins, p. 179, pl. 7, figs. 3-8 (partim).

? 1979 Spiratella inflata (d’Orbigny, 1836) - d’Alessandro et al., p. 82, pl. 15, fig. 11a-b.

71979 Spiratella inflata volhinica Stancu - Stancu, p. 1390 (nomen nudum).

? 1982 Spiratelia inflata (d’Orbigny) - Bernasconi & Robba, p. 217, tab. 4.

(For further references of Quaternary and Recent occurrences the reader is referred to the relevant
literature).

Description — Very small, sinistral shell with up to three whorls,which quickly and
somewhat irregularly increase in diameter. The first whorl is spired, but the second
and third whorl reach beyond the highest level of the preceding one, resulting in a
planorboid shell with a somewhat concave apical plane, in which the apex forms a
small elevation. In a straight frontal view the apex is projecting above the last whorl in
very juvenile shells only. The whorls are more produced towards the basal side of the
shell, convex on their periphery, slightly flattened above and on the base. The point of
attachment onto the preceding whorl lies quite high, so there is a distinct overlap of
whorls in an apical view. The base has a distinct umbilicus, occupying c. 10-12% of the
shell diameter (measured just behind the apertural reinforcements). The aperture is
large, wider than high. Below the small indentation of the preceding whorl the
columella is almost vertical, hardly notched. Internally the ultimate part of the body
whorl is reinforced by a falciform thickening of the shell-wall (P1. 10, fig. 2b), about a
quarter of a whorl behind the actual aperture. This thickening is produced into a
conspicuous opaque, ribbon-like belt of shell-material, running just below the
periphery of the body whorl towards the apertural margin. Below and above this belt
the shell-wall is much thinner and more transparent, usually broken because of its
extreme fragility. In such cases the thickened shell-part projects forward as an anterior
apertural rostrum. This ’rostrum’ is hardly or not projecting beyond the apertural
margin in undamaged shells, as is distinctly indicated by the growth-lines: first the
shell-wall is built and subsequently the thickening is formed on the internal shell-wall.

Type material — Syntypes (c. 82 poorly preserved, Recent specimens) are kept in the
BM(NH), reg. no. 1854.12.4.38, catalogue 61 (see van der Spoel, 1976a, p. 188); their
type locality is indicated as Atlantic and Pacific Oceans, 36° N - 6° (S§? or W?) (see van
der Spoel, 1976a, p. 188).

Material studied — Muddy Creek, Hamilton, Australia (Miocene, Balcombian to
Bairnsdalian): 1 juvenile specimen (Pl. 2, Fig. 7), SAM P29787 (syntype of Spiralis
tertiaria Tate, 1887); 1 specimen, NMV P122061; 1 specimen (PL. 10, fig. 2), 43 speci-
mens, RGM 229 471, 229 737; 4 specimens from interior of Harpa pulligera Tate, RGM
229 48S; 2 specimens (PL. 2, figs. 5- 6), 1 juvenile specimen (PL. 3, fig. 11), 15 specimens
from interior of Ancillaria pseudaustralis Tate, RGM 229 491-494.

Altona Bay, Australia (Miocene, 7Balcombian): 40 immature specimens, RGM
229 437.

Discussion— The very fine and sometimes unusually complete specimens from Muddy
Creek were compared with several lots of Recent specimens from various parts of the
globe. The only difference seems to be that the Miocene specimens have a regularly
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curved body whorl (apical view), whereas in most Recent shells the internal thickening
isaccompanied by an externally visible inflation. The Recent material has a wide range
of variability in size of the full-grown shells. With almost 1.5 mm diameter the
Miocene form is relatively large. These characteristics are in my opinion insufficient to
consider the fossil species different from the living one.

It is striking that the presence of this species at Muddy Creek has not been
noticed up to now. Still the species is not a rare constituent of the pteropod fauna:
together with c¢. 200 specimens of L. tertiaria 69 shells of L. inflata were found.

Miocene records of L. rostralis (Eydoux & Souleyet, 1840) (a recognized junior
synonym of L. inflata) from Western Europe usually refer to the species Limacina
miorostralis (Kautsky, 1925) or other planorboid species, never to L. inflata. This is the
first time that Miocene specimens of L. inflata have been recognized with certainty. All
other records mentioned above in the list of synonyms lack the proof of the apertural
reinforcements. Still, it seems at least probable that Planorbella imitans Gabb, 1873
indeed is the same as L. inflata, as was suggested by Pilsbry (1922, p. 308, fig. 1). The
illustrations given by this author of the type’ of P. imitans demonstrate the form and
the proportions of juvenile L. inflata, only the umbilicus seems to be somewhat wider.
Considering, however, the extreme resemblance of juvenile limacinids I prefer to
maintain a certain degree of caution, not the least because I haven’t yet had the possi-
bility to study the P. imitans material myself.

The material published by Collins (1934, p. 180, pl. 7, figs. 3-5), from the Miocene
of Santa Rosa, Vera Cruz, Mexico (USNM 645 188, ex Johns Hopkins University
collection) might indeed belong to L. inflata, but again the apertural characteristics are
not (yet?) developed. The specimen recorded by Collins from the Late Miocene
(nannoplankton zone NN 11, see Saunders et al., 1986) Cercado Formation, Rio Mao,
Dominican Republic (USNM 483 145) does not belong to L. inflata, because of its
slightly different proportions and, especially, by the presence of a very weak micro-
sculpture on the body whorl.

The specimens described by d’Alessandro et al. (1979) from southern Italy
(Gargano Peninsula) are juvenile (diameter c. 0.8 mm) and rather poorly illustrated.
Material in the RGM collection from the same locality also is too juvenile and insuffi-
ciently preserved (internal moulds) for a reliable identification.

The subspecies Spiratella inflata volhinica Stancu, 1979, reported from the Late
Miocene of the Romanian Paratethys, was neither described nor illustrated.

Plate 3

Figs. 1-10. Limacina tertiaria (Tate, 1887)

1-7: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, ’lower beds’ (= Muddy Creek
Formation).

la-d: Lectotype, SAM T 239, X 25.

2-7: Paralectotypes, SAM T 239, X 25.

8: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation, from
interior of Ancillaria pseudaustralis Tate. Juvenile specimen, RGM 229 498, X 25.

9a-e: Muddy Creek, Hamilton; ?Miocene (no level indicated), Adult specimen, AMS C143.929, X 25;
fig. 9b is an oblique view to demonstrate the elevation of the apical whorls.

10a-b: Schnapper Point near Mornington; Miocene, Balcombian or Bairnsdalian (’blue clays’).
Paralectotype, SAM T 239, X 25.

Fig. 11. Limacina inflata (d’Orbigny, 1836)
Locality data as for fig. 8. Juvenile specimen, RGM 229 493, X 25. Note that figs. 8 and 11 compare
about equal-sized juveniles of L. tertiaria and L. inflata.
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Quite recently (May 1989) an unmistakable specimen of L. inflata was collected
from the "Middle Miocene’ of Karaman, Turkey, by Mr J. van der Voort (Ostercappeln,
F.R.G.).

From the Italian Pliocene L. inflata has repeatedly been recorded, usually sub
nomine ’rostralis’. Among them only the observation of Seguenza (1880, p. 277) seems
to be quite certain, as this author mentioned the presence of the ’caratteristico rostro’.
Several specimens present in the RGM collections donated by Mr C. Tabanelli at
Cotignola, Italy, from the "Middle Pliocene’ of Rio Terme near Ravenna (Italy) also
seem to belong to L. inflata, as indicated by the presence of an opaque subperipheral
belt on the body whorl. Additional material is present in the Tabanelli collection.

Limacina lunata sp. nov.
Pl. 2, figs. 8-10.

Holotype — Pl. 2, fig. 8, leg./don. D. Curry, NMV P123406.

Type locality — Torquay, Bird Rock, Otway Basin, Victoria, Australia.

Stratum typicum — The type sample was collected from the so-called >Glycymeris Beds’, as described
by Singleton (1941, p. 39), belonging to the Torquay Group, Jan Juc Formation (Oligocene, Janjuk-
ian; see Ludbrook, 1967, p. 14; 1973, p. 248).

Derivatio nominis — The name ’lunata’ refers both to the semicircular shape of the aperture and to the
Half Moon Bay in the Bass Street, on which the type locality of this species is located.

Description — Very small sinistral shell with ¢. 4 moderately convex whorls that slowly
and regularly increase in diameter. The point of attachment of the whortls onto the
preceding ones lies just above the periphery in juvenile shells and on the periphery in
adults. Thus, there is only a very narrow overlap of whorls in an apical view. The shell
has a low conical spire, the tangents of which are somewhat convex. The body whorl is
large, uniformly convex with a distinctly umbilicate base. The umbilicus is small,
occupying less than 10% of the shell’s diameter.

The aperture is wide and semicircular. The columella below the base of the
penultimate whorl is somewhat inflected around the umbilicus, downward almost
straight until the angular transition into the basal part of the margin. Internally, at a
short distance from the border, the apertural margin is strengthened with a thickened
ridge, which is only visible from outside by transparency of the shell wall before and
behind the ridge. In a lateral view (Pl. 2, fig. 8b) the apertural margin is situated
obliquely with respect to the shell’s axis, the upper part somewhat overhanging the
base. The growth-lines are very indistinct. From the upper suture they proceed slightly
backwards, but on the base they demonstrate a weak forward curvature.

Material studied — Holotype, NMV P 123406; 2 juvenile paratypes (PI. 2, figs. 9-10), 5
juvenile paratypes, all from the type locality, RGM 229 424- 426.

Discussion — This new species occurs together with the much more common and
equally new species Limacina curryi, from which it is easily distinguished by its spired
shell, the number of whorls related to the shell’s width and the H/W-ratio. In its
general outline L. lunata resembles closely the species L. tatei sp. nov., described in
this paper from the Miocene at Muddy Creek. In this latter species, however, the
tangents of the whorls are slightly concave instead of convex, the position of the
aperture is flexuous opisthocline instead of prosocline, and the apertural reinforce-
ments are completely different.

From European species with a similar shell-form, like L. valvatina (Reuss, 1867)
or L. hospes (Kittl, 1886), the new species can easily be distinguished by the internally
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thickened apertural margin, but juveniles are extremely similar, especially those of L.
valvatina.

Limacina tatei sp. nov.
Pl. 2, figs. 11-12.

Holotype — PL. 2, fig. 11, don. D. Curry, NMV P123407.

Type locality — Muddy Creek, Hamilton, Otway Basin, Tyrendarra Embayment, Victoria, Australia.
Stratum typicum — Muddy Creek Formation (Miocene, Balcombian to Bairnsdalian), see Ludbrook
(1973, p. 252).

Derivatio nominis — This species is named after the well-known palaeontologist Ralph Tate, the first
author to describe fossil pteropods from the Australian continent.

Description — Very small sinistral shell, comprising c. 3 3/4 rather convex whorls that
gradually and slowly increase in diameter. Each whorl is attached just above the
periphery of the preceding one, resulting in a low conical shell-form with slightly
concave tangents. The body whorl is relatively large and regularly rounded with a
convex base. The umbilicus occupies ¢. 12% of the shell diameter (measured just
behind the apertural reinforcement). The aperture is large with a regularly circular
abaxial side and a straight columella below the base of the penultimate whorl. The
opisthocline apertural margin carries a distinct, somewhat swollen ridge, flexuousin a
lateral view, followed by a very thin and slightly widened apertural edge. The growth-
lines are very inconspicuous, and only visible in low-angle light. They run from the
upper suture slightly forward and straight downward from the periphery.

Material studied — Holotype, NMV P123407, and 1 paratype (P1. 2, fig. 12), RGM 229
496, both from the type locality, from interior of Ancillaria pseudaustralis Tate.

Discussion — Limacina tatei has the general outline of a very well-known species from
the Miocene of Europe, viz. Limacina valvatina (Reuss), but differs clearly by the
possession of apertural reinforcements. Also Limacina hospes (Kittl) is rather similar
to L. tatei, but in the former species the apertural margin is just slightly widened,
without any further strengthening devices. L. hospes is, by the way, of Late Oligocene
age.

The two available specimens are both adults. They are very similar indeed, with
almost no difference in the height/width-ratio. The general outline and the apertural
characteristics are identical.

Limacina tertiaria (Tate, 1887)
Pl 3, figs. 1-10; P1. 4, figs. 1-6; PI. 11, figs. 1-2.

v* 1887 Spiralis tertiaria, spec. nov., Tate, p. 196 (partim, non pl. 20, fig. 12a-c = Limacina inflata).
v. 1897 Limacina tertiaria, Tate (sp.) - Harris, p. 19 (partim?).
v. 1899 Limacina tertiaria, Tate - Tate, p. 260.

1903 Limacina tertiaria, Tate ~ Dennant & Kitson, p. 94.

1965 Spiratelia tertiaria - Curry, p. 368.

1981 Spiralis tertiaria Tate - Curry, p. 38.

1982 Spiratella tertiaria (Tate) - Bernasconi & Robba, p. 215.

Description — Very small, sinistral shell with ¢. 2 3/4 whorls, that rather quickly and
regularly increase in diameter. The first whorl is turreted, but subsequently the
volutions become more and more planorboid, resulting in a shell with an almost flat
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apical plane and downward produced whorls. In juvenile shells the apex protrudes
beyond the body whorl in straight frontal view (P1. 3, fig. 8a), in completely adult speci-
mens the body whorl may or may not rise above the apex. The whorls are very convex,
with a regularly rounded periphery. The point of attachment to the preceding whorl
lies somewhat above the periphery. The base of the shell is convex, distinctly umbili-
cate. Diameter of umbilicus in full-grown shells (measured just behind the apertural
reinforcements) c. 12-15% of shell diameter.

The aperture is almost circular, only slightly indented by the preceding whorl.
The columella is almost straight to distinctly notched. The apertural margin is
reinforced by a strong ridge, followed by a distinctly widened final part of the body
whorl. The ridge is somewhat sigmoid in a lateral view (PL. 4, fig. 1b). The widened part
before the ridge has an extremely thin shell-wall and therefore the ultimate part of the
shell is usually damaged. Only very few shells are available in which the extreme
margin is still complete (Pl. 4, fig. 1). In a very restricted number of specimens the
flexuous ridge of the apertural margin is preceded by a narrow but distinct groove,
which makes the body whorl slightly bulbous just behind the thickened margin (PI. 4,
fig. 6b). The margin and the shell-wall just behind the margin are granulated, which is
especially well-visible on the periphery at a magnification of X 100.

The growth-lines are extremely faint and only locally visible in low-angle light.
From the upper suture they run with a slight backward curvature, almost straight on
the periphery and the base, becoming somewhat flexuous on the second half of the
body whorl.

Syntypes — Collection of the South Australian Museum, Adelaide, reg. nos. SAM T
239, P29782-29788. The material described by Tate originates from the ’Lower beds at
Muddy Creek and blue clays at Schnapper Point’. Specimens from both localities are
preserved in the South Australian Museum. They were kept in a glass vial, giued to a
wooden tablet, bearing a label with the text:

Name: Spiralis tertiaria Tate. Pl1. XX fig. 12
Hab.: Eocene. Schnapper Pt., Muddy Creek
T 239

In the vial a small strip of cardboard, with a hand-written indication *Schnapper
Pt.’, was present, on which five specimens were glued. [ removed these shells from the
cardboard strip by immersion in water.

Furthermore ten isolated specimens (two of which are strongly defective) were
hidden below the cardboard strip in the glass-tube. Apparently these are the syntypes
from Muddy Creek.

Four shells from Schnapper Point and five from Muddy Creek are full- grown, as
is evident from their remarkably expanded and thickened apertural margin. The
remaining specimens lack such an apertural margin, they may be either juveniles or
damaged adults. Two specimens from Muddy Creek are too severely damaged to be of
much use. The eight more or less complete syntypes from Muddy Creek are illustrated
here in Pl 2, fig. 7, PL. 3, figs. 2-3 (juveniles) and PI. 3, figs. 1, 4-7 (adults).

Lectotype designation — Tate’s description and illustration distinctly refer to a form
from Muddy Creek (see explanation of his plate 20) in which the apertural margin is
not widened or thickened: *Peristome thin, simple, a little reflexed at the umbilicus’.
Especially his fig. 12b fits very well the specimen here illustrated in Pl. 2, fig. 7. The
general outline of this shell, as well as the number of whorls (compare Tate’s fig. 12c)
match the illustrations almost perfectly, albeit that they represent a shell with an
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undamaged aperture. This, however, might be an improvement by the artist, or the
specimen may have been damaged afterwards. The measurements of the species are
indicated by Tate as: ’Diameter, one millimetre’, which more or less agrees with the
actual 1.18 mm of the syntype illustrated in PL. 2, fig. 7. Therefore it would have been
logical to designate this juvenile specimen as the lectotype of Spiralis tertiaria.

However, additional material available from the same locality proves that in the
’lower beds’ at Muddy Creek two species occur, the juveniles of which are extremely
similar. The fully grown forms are easily distinguished by the very different develop-
ment of the apertural reinforcements. In one of these species the body whorl is
distinctly widened just before the apertural margin, with a conspicuous ridge at the
posterior side of the widening. All adult Spiralis tertiaria syntypes belong to this form.
The second species, not represented among the adult syntypes, has an internal thick-
ening, which is produced into a long anterior rostrum lying just below the periphery of
the ultimate part of the body whorl. In undamaged specimens (compare Pl1. 2, fig. 6) it is
seen that both below and above this rostrum an extremely thin, membrane-like shell-
wall is present, but usually this part of the whorl is broken, with only the more solid
rostrum left. This form agrees almost completely with the Recent species Limacina
inflata (d’Orbigny, 1836), as described above.

Obviously juvenile specimens of both species can be expected among the
immature syntypes of Spiralis tertiaria. Sufficient additional material was available to
find distinguishing characteristics for the very similar juvenile shells. In juvenile speci-
mens of L. inflata the apex does not protrude beyond the body whorl in a straight
frontal view and the sutural spiral is narrower (apical view) because of the fact that the
outer lip attaches rather high onto the preceding whorl. Also the height/width-ratio of
the shell has a somewhat higher value. These differences are clearly illustrated by two
juvenile specimens from the additional material from Muddy Creek (see PL. 3, figs. 8
and 9).

From these differences it is clear that the juvenile syntype of Pl. 2, fig. 7 is an
immature specimen of Limacina inflata. Designating this specimen as the lectotype of
Spiralis tertiaria would make this latter taxon a synonym of L. inflata. At the same time,
however, the introduction of a new taxon would be necessary for the remaining
syntypes. In these circumstances I think it preferable to choose as lectotype one of the
full-grown syntypes, which offers the best guarantee for nomenclatural stability and
also prevents future identification problems once and for all. So, the specimen here
illustrated in PL 3, fig. 1 is designated as the lectotype of S. tertiaria Tate. All other
specimens mentioned above from Schnapper Point and Muddy Creek, except the one
illustrated in Pl. 2, fig. 7, are paralectotypes.

The measurements of the lectotype are: height 0.65 mm, width 1.08 mm, number
of whorls 2 3/4.

The type locality is Muddy Creek near Hamilton, Otway Basin, Tyrendarra
Embayment, Victoria, Australia. According to Ludbrook (1973, p. 252) Tate’s indica-
tion "lower beds, Muddy Creek’ refers to what is now called the Muddy Creek Forma-
tion, which is of Balcombian to Bairnsdalian age, so almost on the boundary between
Early and Middle Miocene.

Material studied — Muddy Creek, Hamilton, Australia (Miocene, Balcombian to
Bairnsdalian): lectotype (PL. 3, fig. 1), 6 paralectotypes (PL. 3, figs. 2-7), SAM T 239,
SAM P29782-29783; 1 specimen, SAM P29784; 54 specimens, NMV P116255; 55 speci-
mens, RGM 229 472; 5 specimens, RGM 229 482; 9 specimens, 72 juvenile specimens,
BM(NH) G. 9308 (three of which were mentioned in Harris, 1897, p. 19); 28 specimens,
1 specimen (Pl. 4, fig. 6), from interior of Harpa pulligera Tate, RGM 229 486-487; 36
specimens, 22 juvenile specimens, 3 specimens (PL. 3, fig. 8; P1. 4, fig. 1; PL. 11, fig. 1), 1
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juvenile specimen (PL. 11, fig. 2) from the interior of Ancillaria pseudaustralis Tate,
RGM 229 497-499, 229 738-739.

Do., without any indication of the level: 1 specimen (PI. 3, fig. 9), leg. Bailey,
AMS C143.929.

Batesford, Australia (Miocene, Batesfordian to Bairnsdalian): 47 specimens,
RGM 229 443.

Red Bluff, Shelford, Australia (Miocene, Balcombian): 4 specimens, NMV
P116254; 5 specimens, RGM 229 465.

Schnapper Point, Mornington, Australia (Miocene, Balcombian or Bairnsdal-
ian): 1 paralectotype, 4 paralectotypes (Pl. 4, figs. 2-5), SAM P29785- 6.

Balcombe Bay, Mornington, Australia (Miocene, Balcombian): 36 specimens,
RGM 229 451.

Fossil Beach, Mornington, Australia (Miocene, Balcombian): 16 specimens,
NMYV P116253; 1 defective specimen, RGM 229 457; 1 specimen (from sediment
contents of Eutrephoceras sp.), RGM 229 461.

Discussion — It is quite curious that Tate, with so many full-grown shells available,
selected a juvenile specimen for illustration in which the very typical characteristics of
the aperture are not yet developed. A possible explanation might be that he isolated a
shell from the main sample, before careful study of the material had taken place, and
that afterwards the description was based on the drawing rather than on the specimens
themselves. This is not as unlikely as it sounds, because very similar indications were
found in the cases of Styliola rangiana Tate and S. bicarinata Tate, as discussed below.

Tate (1887) placed his species S. tertiaria in the never formally introduced genus
Spiralis, which Harris (1897, p. 19) presumed to be a spelling-error for Spirialis Eydoux
& Souleyet, 1840. Earlier the same error also occurred to Adams & Adams (1853, p. 60)
and Knocker (1868, p. 617 and 619), but also later authors became prey to the same
printer’s imp (Locard, 1897, p. 29; Wenz, 1921, p. 113; Zinndorf, 1928, p. 13, 15 and 53;
Warén, 1980, p. 11). The type species of Spirialis is the Recent Atlanta trochiformis
d’Orbigny, 1836 (subsequent designation Herrmannsen, 1847- 1849, p. 489), whichisa
spired limacinid without apertural reinforcements. The reader is referred to Janssen
(in prep.) for a further discussion on the systematics of the genus Limacina.

As discussed above the specimen illustrated by Tate (1887, pl. 20, fig. 12) is a
juvenile shell of L. inflata (’Orbigny). The lectotype designation in this paper restricts
the name L. fertiaria to the form with an apertural margin reinforced by a somewhat
flexuous ridge followed by a widening. Harris (1897, p. 19), in his catalogue of Australa

Plate 4

Figs. 1-6. Limacina tertiaria (Tate, 1887)

la-d: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation,
from interior of Ancillaria pseudaustralis Tate. Adult specimen with completely preserved apertural
margin, RGM 229 497, x 25.

2-5: Schnapper Point near Mornington; Miocene, Balcombian (’blue clays’). Paralectotypes, SAM T
239, X 25.

6a-c: Locality data as for fig. 1, but from interior of Harpa pulligera. Adult specimen with comparati-
vely deep furrow preceding the apertural margin and therefore resembling Limacina ferax (especially
well visible in fig. 6b), RGM 229 486, x 25.

Fig. 7. Limacina ferax (Laws, 1944)
Pakaurangi Point, Kaipara Harbour (New Zealand); Miocene, Altonian, ’Vaginella’ Bed? Paratype,
RGM 229 510, x 25.
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sian fossils in the collection of the British Museum, merely repeated Tate’s descrip-
tion, just using a slightly different wording. He also failed to mention the apertural
features so typical for this species. His material, the G. 9308 sample, is still present in
the BM(NH)-collection, where I studied it in 1986. It contains eleven shells, nine of
which are adults, so even if indeed (as Harris stated) the sample comprised only three
specimens in 1897, at least one of these was adult. When I studied the sample I was not
yet prepared for the presence of two very similar species, so the two juveniles might
include L. inflata. Tate (1899) accepted Harris’s transfer of the species to the genus
Limacina, but gave no additional information. Curry (1965) apparently was the first
author who mentioned the apertural reinforcements ("what appear to be strengthening
or supporting devices at the adult stage’).

A very similar species was described from the Early Miocene of New Zealand by
Laws (1944, p. 312) as Spiratella ferax Laws. Its age was indicated as Altonian, but Dr
P.A. Maxwell (in litt., 1.8.1988) provided additional information (see quotation in the
paragraph *stratum typicum’ in the description of Limacina atypica above). From these
data it may be concluded that L. ferax occurs in strata that are older than the Batesford-
ian to Bairnsdalian occurrences of L. rertiaria in Australia.

Ten paratypes of L. ferax were donated by Mr D. Curry, enabling the execution
of a direct comparison. One of the better L. ferax specimens is illustrated here in P1.4,

Plate 5

Figs. 1-4. Creseis cf. chierchiae (Boas, 1886)

1-2: Batesford, new quarry; Miocene, Batesfordian to Bairnsdalian, Fyansford Formation, grey clays.
la-b: Adult specimen without protoconch, RGM 229 444, X 12.5.

2a-b: Fragment, RHGM 229 445, x 12.5.

3-4: Balcombe Bay, Mornington; Miocene, Balcombian, Fyansford Formation, beds h-k.

3a-c: Subadult specimen with protoconch, RGM 229 452, a-b: X 12.5, ¢: X 25.

4a-c: Juvenile specimen with protoconch, RGM 229 453, a-b: X 12.5, ¢: X 25.

Fig. 5. Creseis chierchiae (Boas, 1886)

Off SW Salayer, Indonesia, 6° 22’ S, 120° 26’ E, sea-depth 233-274 m; 28.09.1984, van Veen grab;
Recent; leg. Snellius IT expedition, sta. 4.155. Subadult specimen, tip of protoconch damaged, RGM
229 517, a-b: X 12.5, ¢: X 25.

Fig. 6. Creseis chierchiae (Boas, 1886) f. constricta Chen & Bé, 1964
Locality data as for fig. 5. Subadult specimen with protoconch, RGM 229 519, a-b: X 12.5, c: X 25.

Figs. 7-12. Praehyalocylis annulata (Tate, 1887)

7-9: Adelaide Bore (= Kent Town Bore), NE Parklands; Eocene, Aldingan, ’Glauconitic Clayey
Sands’ (=units 10 and 11, Blanche Point Banded Marls and equivalents of the Blanche Point Transi-
tional Marls and Tortachilla Limestone).

7: Lectotype, SAM T 214, X 6.

8-9: Paralectotypes, strongly distorted, SAM T 214, X 6.

10-12: Aldinga Bay, Willunga Embayment, St Vincent Basin; Eocene, Aldingan, Blanche Point
Formation, Gull Rock Member, Clay with ’Turritelia’ aldingae.

10: Fragment, slightly distorted, RGM 229 410, X 6.

11-12: Paralectotypes, more or less strongly distorted; SAM T 214, X 6.

Figs. 13-19. Swiiola subula (Quoy & Gaimard, 1827)

13-17: Muddy Creek, Hamilton; ?Miocene (no level indicated).

13: Lectotype of Swliola rangiana Tate, 1887, SAM T 238, X 12.5.

14-16: Paralectotypes of Styliola rangiana Tate, 1887, SAM T 238, X 12.5.

17: Paralectotype of Styliola rangiana Tate, 1887, found together with holotype of ’Styliola’ bicarinata,
SAM, X 12.5.

18-19: Schnapper Point near Mornington; Miocene (level not indicated). Paralectotypes of Syliola
rangiana Tate, SAM T 238, 18: X 5, 19: X 12.5.
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fig. 7. Laws compared his species with the Muddy Creek L. tertiaria and considered it
different, because ’It has the whorl more narrowly rounded and the channel near
aperture not so strongly defined’. Indeed the shell of L. ferax is relatively higher and
the pre- apertural constriction is hardly or not indicated in most Australian specimens.
Sometimes, however, a distinct channel’ is present (Pl. 4, fig. 6b). Also the New
Zealand species is slightly larger (diameter to c. 1.3 mm). Considering these character-
istics together with the differences in age it may be concluded that L. tertiaria and L.
Serax are very closely related and probably represent subsequent stages of one and the
same evolutionary lineage.

Familia CAVOLINIIDAE
Subfamilia CRESEINAE
Genus Creseis Rang, 1828

Creseis cf. chierchiae (Boas, 1886)
Pl 5, figs. 1-4; Pl. 12, fig. 1.

References of Recent and Quaternary C. chierchiae occurrences:
* 1886a Cleodora Chierchiae n.sp., Boas, p. 62, 202, pl. 3, fig. 39ter, pl. 4, figs. 43bis-ter.
. 1886b Cleodora (Creséis) chierchiae ~ Boas, p. 330.
1905 Creseis Chierchiae Boas - Meisenheimer, p. 17.
1913  Creseis chierchiae (Boas) - Tesch, p. 25, fig. 19A-C.
1934 Creseis (Boasia) chierchia (sic!) Boas 1886 - Johnson, p. 151.
1946 Creseis chierchiae Boas ~ Tesch, p. 21.
1948 Creseis chierchiae Boas - Tesch, p. 41.
1951 Creseis chierchiae (Boas) - Tokioka, p. 184, fig. 10.
1964  Creseis virgula constricta n. subsp., Chen & B¢, p. 194, figs. 3d, 4d, 9, 10, 12.
1965 Creseis virgula constricta Chen et Bé - Frontier, p. 12-14.
1965 Creseis chierchiae (Boas) - Frontier, p. 12-14, pl. 1, fig. 3; pl. 4, figs. 9-11.
1967 Creseis virgula (Rang, 1828) forma virgula (Rang, 1828) - van der Spoel, p. 61 (partim).
1967 ’Creseis chierchiae (Boas, 1886)’ - van der Spoel, p. 62.
1967 Hyalocylis striata - van der Spoel, fig. 42 (partim, only the apical part, the apertural part is
indeed Hyalocylis striata).
1971 Creseis virgula constricta - Herman & Rosenberger, pl. 1, fig. 6.
. 1973 Creseis chierchiae - Richter, p. 269, fig. 3.
? 1973 Creseis virgula constricta Chen and Bé - Jung, p. 753ff, pl. 2, fig. 10.
. 1974 Creseis bulgia n. sp., Sakthivel, p. 619, figs. 1-2.
1975 Creseis chierchiae (Boas, 1886) - Rampal, p. 12ff, fig. 2-16.
1975 Creseis virgula constricta (Chen & B 1964) -Rampal, p. 253ff.
1975 Creseis virgula constricta - Wells,p. 509,
1976 Creseis chierchiae Boas - Richter, p. 145-148, figs.1-3, 5.
1976 Creseis virgula constricta Chen & Bé - Richter, p. 145, 146.
1976b Hyalocylis striata (Rang, 1828) - van der Spoel, p. 111 (partim).
1977 Creseis virgula (Rang, 1828) constricta (Chen and Bé, 1964) (sic!) - Bé & Gilmer, p. 748fT, pl.
5, fig. 12a-b (authors’ names should not be between brackets).
1978 Creseis chierchiae - Rottman, p. 65.
1978 Creseis bulgia - Rottman, p. 65.
1979  Creseis chierchiae (Boas 1886) - Richter, p. 15, pl. 1, figs. 8, 11.
1980 Creseis virgula constricta - Buccheri et al., p. 100.
1980 Creseis virgula constricta - Rottman, p. 73.
1980 Creseis bulgia - Rottman, p. 73ff, fig. 4A, C.
1980 Creseis chierchiae - Rottman, p. 73ff, fig. 4B, D.
1983 Creseis chierchiae (Boas, 1886) - Shibata & Ujihara, p. 160, pl. 44, fig. 3.
? 1983 Creseis virgula constricta Chen and Be, 1964 - Shibata & Ujihara, p. 160, pl. 44, fig. 2a-b.

Description — Shell elongately conical, frequently with a slight curvature, especially in
its apical part. The diameter of the shell increases rather quickly just after the
embryonic shell, more slowly towards the aperture, which results in a somewhat calici-
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form outline. The transverse section is circular all over the length of the shell.

The embryonic shell has a rounded tip and an almost cylindrical initial part,
followed by a distinct swelling, which is more abruptly separated on its apertural side.
This results in a rather distinctly separated protoconch with an elongated triangular
form, with slightly concave sidelines.

The growth-lines are rather distinct and somewhat irregular. They make a small
angle with the shell’s axis, lying higher at the concave side, which is interpreted as the
dorsal side. There is no further surface sculpture.

Type material — This species was based on a large number of specimens from Panama
and a single shell from the Mindoro Sea (Philippines, 120° E, 10° N). Syntypes are
presumably kept in the Zoological Museum, University of Copenhagen, Denmark.

Material studied — Batesford, Australia (Miocene, Batesfordian to Bairnsdalian): 1
defective specimen, 2 defective specimens (Pl. 5, figs. 1-2), RGM 229 444-446.
Balcombe Bay, Mornington, Australia (Miocene, Balcombian): 2 juvenile speci-
mens (Pl. 5, figs. 3-4), 1 juvenile specimens, 3 fragments, RGM 229 452-454.
Fossil Beach, Mornington, Australia (Miocene, Balcombian): 2 juvenile speci-
mens, RGM 229 458; 12 juvenile specimens, 1 juvenile specimen (Pl. 12, fig. 1) from
interior of Eutrephoceras sp., RGM 229 462, 229 741.

Discussion — Among the abundant and predominantly juvenile material of Styliola
subula (Quoy & Gaimard, 1827) from the Miocene of the Mornington area quite
surprisingly a small number of specimens was isolated that closely resemble Creseis
chierchiae (Boas, 1886), a form exclusively known from the latest Quaternary and
Recent faunas. In the typical form of this species the shell (P1. 5, fig. 5) is conical,
straight or slightly bent, and provided with a characteristic transverse sculpture on the
postembryonic shell parts. The protoconch resembles somewhat that of C. virgula
(Rang, 1828), but differs from that species by its more abrupt transition into the
post-embryonic shell, which gives the protoconch a peculiar elongate-triangular
appearance.

Ever since its introduction C. chierchiae was considered an enigmatic species,
which was predominantly caused by the fact that it was only very rarely encountered.
Johnson (1934) even created a separate subgenus, Boasia, for this form, which was,
however, not accepted among the ’pteropodologists’. Van der Spoel (1967, p. 62, fig.
42; repeated in van der Spoel, 19764, p. 111) considered C. chierchiae to be the larval
shell of Hyalocylis striata (Rang, 1828), an equally Recent species with transverse
ribbing of the shell, the protoconch of which was unknown. He demonstrated this by
giving a composite drawing of C. chierchiae and H. striata, both drawn to the same
scale (16 x)’. This reconstruction, however, is erroneous: the C. chierchiae part is
magnified x 10 and the H. striata part x 16.

Frontier (1965), a paper apparently still unknown to van der Spoel in 1967,
studied an abundant material of C. chierchiae. In his opinion typical C. chierchiae is
connected by numerous intermediates to a form without the obvious transverse
ribbing, but with identical protoconch and shell outline. This latter form (PL. 5, fig. 6)
was described by Chen & Bé (1964) as Creseis virgula constricta (syn.: C. bulgia
Sakthivel, 1974), which van der Spoel (1967, p. 61) considered to be a synonym of C.
virgula s.str., although he admitted the differences of the embryonic shell. This point
of view is maintained in van der Spoel (1976a, p. 16). In this latter paper, in which
Frontier’s (1965) paper is mentioned in the list of references, van der Spoel did not
express his opinion concerning C. chierchiae.

Frontier’s views were confirmed by Richter (1976, 145-148; 1979, p. 15) on the
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basis of abundant material caught in plankton hauls from the Gulf of Aden area. I
myself could study this problem on material from a bottom sample collected during
the Snellius II expedition (sta 4.155, 6°22° S, 120026’ E, depth 233-274 m, 28.9.1984)
from the Flores Sea, off SW Salayer, Indonesia. This sample yielded numerous C.
constricta and just one typical C. chierchiae. Considering this sample and the data
supplied by Frontier and Richter it seems inevitable to interpret C. chierchiae as an
independent Creseis species and C. constricta as a forma. Gonzalez & Princz (1979, p.
104) published the unjustifiable opinion that C. chierchiae is a synonym of Creseis
acicula (Rang, 1828).

The Miocene material from Australia yielded exclusively smooth forms. They
differ from the Recent Indonesian material by the somewhat larger adult shell and by
the dimensions of the protoconch. A comparison of protoconch measurements (10
specimens measured for both samples) yielded the following results (Table 2):

Table 2. Measurements (in mm) of protoconchs of Creseis chierchiae (Boas, 1886) f. constricta Chen
& Bé, 1964 (Recent, Flores Sea, off Salayer) and Creseis cf. chierchiae (Boas, 1886) (Miocene,
Balcombe Bay, Australia).

diameter of length of length of

protoconch tip inflated part protoconch
Recent, off Salayer 0.06 0.14-0.15 0.40-0.46
mean value 0.06 0.144 0.428
Miocene, Balcombe Bay 0.08-0.09 0.16-0.18 0.48-0.54
mean value 0.083 0.168 0.516

From these measurements it is obvious that the Miocene specimens have a distinctly
larger protoconch than the Recent ones, even without any overlap. In the absence of
any further information on the variability of Recent populations, however, this may
not yet be considered a specific criterion and therefore the Miocene form is indicated
as Creseis cf. chierchiae for the time being.

It is the first time that forms related to C. chierchiae are recognized from the
Cainozoic fossil record, but it is not exceptional that Recent euthecosomatous species
are found to be very long-ranging and to occur already during the Miocene. In this
paper similar observations are made with respect to the species Limacina inflata and
Styliola subula.

Further related forms are known, e.g. from Miocene deposits of Poland [Creseis
spina (Reuss, 1867), see Janssen, 1984a, p. 66, pl. 1, figs. 1-2; Vienna collection], from
the Late Oligocene and Miocene of SW France and the Early Pliocene of SE France
(RGM coll.), and MacNeil & Dockery (1984) illustrated similar material from the Early
Oligocene of Mississippi, United States. A thorough inspection of this material, in
which certainly various (mainly undescribed!) species are represented, might also
influence the taxonomy of the Miocene Australian material. It might even be
concluded that a subdivision of the genus Creseis into two subgenera (Creseis s.str. and
Boasia) will prove to be useful.

Genus Praehyalocylis Korobkov, in Korobkov & Makarova, 1962

Praehyalocylis annulata (Tate, 1887)
Pl. 5, figs. 7-12.
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v* 1887 Swyliola annulata, spec. nov., Tate, p. 195, pl. 20, fig. 1.
1903 Swyliola annulata Tate - Dennant & Kitson, p. 94.
1921 Clio (Styliola) rangiana (Tate) - Suter, p. 71 (non Tate) (Dr P.A. Maxwell, pers. comm.,
1.8.1988).
1924 Clio rangiana (Tate) - Marwick, p. 317, 323 (partim).
1924 Clio n. sp. - Marwick, p. 330.
1924 ?Clio sp. - Marwick, pl. 6, fig. 3.
1924 Clio annulata Tate (Styliola) - Finlay, p. 336.
1934 Styliola annulata Tate - Collins, p. 211 (sub Hyalocylix haitensis).
1962 Praehyalocylis chivensis Korobkov et Makarova, sp. nov., Korobkov & Makarova, p. 84, 85,
pl. 3, figs. 1-8.
1966 Praehyalocylis chivensis - Korobkov, p. 71.
1970 Clio annulata - Darragh, p. 111.
1982 Hyalocylis annulata - Beu & Maxwell, p. 44 (tab. 11, no. 595).
1982 Praehyalocylis annulata (Tate) - Bernasconi & Robba, p. 213,
1985 Clio annulata - Darragh, p. 111.
1989 Praehyalocylis cretacea (Blanckenhorn, 1889) - Squires, p. 444, figs. 2.1-2.5 (partim, ? only
the Late Eocene occurrences).
non: 1853 Creseis annulata. Rang, Deshayes, pl. 103, figs. 11, 12 [= Hyalocylis striata (Rang, 1828)]

Description — Shell medium-sized, built as a straight, conical tube with an apical angle
of c. 10°. The transverse section seems to be perfectly circular. Apical parts not
preserved. The very thin shell-wall bears a distinct sculpture of threadlike annulations,
which are also visible internally. In the youngest available shell parts the intervals
between these annulations are about three times as wide as the riblets themselves.
Towards the apex the annulations are somewhat weaker and more crowded. In none of
the available specimens the aperture is preserved.

Further information on this species is supplied in the thesis of Dr M.F.
Buonaiuto [1979] (see chapter *Pteropods described by Buonaiuto’ below), who had
more material at his disposal. In his description it is stated that the shell of P. annulata
is slightly curved dorsally towards the apex. The protoconch is illustrated in his figs.
495 and 496. It has a slightly elliptical form, elongated in axial direction, with a rounded
tip. In the illustrated specimen the protoconch demonstrates a sharp boundary with
the younger shell parts, but this may rather be a crack in the shell material.

Syntypes — Tate had specimens at his disposal from two localities: *Glauconitic clayey
sands, Adelaide bore’ and *Turritella clays, Blanche Point, Aldinga Bay’. The syntype
material, lent to me from the South Australian Museum in Adelaide, was stored in a
cylindrical glass-cover cardboard box, which is glued on a wooden tablet, bearing a
label, stating:

Form.: Eocene T.214

Loc.: Aldinga

Sp.: Creseis
annulata Tate

The words ’annulata Tate’ were subsequently added (different ink, different
hand-writing). On the outer side of the cylindrical container another small label states:
’Creseis - Aldinga’.

Inside the container lies a dark blue, circular cardboard with two defective speci-
mens of S. annulata (PL. 5, figs. 11-12). On the back of this cardboard is written in pencil
’Cleodora. Aldinga, L. marl’. Closer inspection of this real ’box of Pandora’ revealed
that the dark blue cardboard was resting on a fluff of cotton wool, hiding a second
circular cardboard, this time white in colour, on which a small piece of clay is glued
with some shell remnants and bearing three further glue scars, from which specimens
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apparently had broken off. Below this white cardboard, finally, I found three damaged
shells of P. annulata (P1. 5, figs. 7-9), filled with clayey sediment, together with some
very small shell and clay crumbles. On the back of the white cardboard is written
*Adelaide’. Obviously the isolated specimens once were glued on the white cardboard.
Some glue is still sticking to the larger specimen, whereas both smaller ones show
damaged places that could very well match the glue scars on the white cardboard.
So, all in all, we may decide that two syntypes are available from Aldinga and four (of
which one is not worth talking about) from the Adelaide borehole. This well is also
named Kent Town Bore (Ludbrook, 1973, p. 244, 247).

Lectotype designation — None of the available syntypes corresponds with Tate’s illustr-
ation, which according to the explanation of plate 20, originated from Aldinga. The
drawing might be a reconstruction, but it is also possible that the figured shell (may be
the one illustrated here in Pl. 5, fig. 11) was damaged afterwards. At any rate, among
the small fragments found at the bottom of the cylindrical container certainly no
embryonic shell part was present. It must be feared that its representation in the
drawing published by Tate is merely artistic licence.

The larger specimen from Adelaide is the only undistorted one, fairly well
demonstrating the sculptural features and the fact that this species has a true circular
transverse section. The morphology of both apical and apertural shell parts is not
preserved in any of the syntypes and therefore the better Adelaide specimen (P1. 5, fig.
7) is herewith chosen as the lectotype. All other specimens are paralectotypes. Like all
available specimens the lectotype is preserved with an internal clay mould. In this clay
two further mollusc shells are present, viz. an elongated cerithiacean or epitoniacean
shell, which can be observed at the place where the pteropod is damaged by the glue
scar, and a small naticoid shell, lying at the apical side and partly visible in my drawing.

Dimensions — The following measurements (between brackets if incorrect by distor-
tion or damaging) were taken from the syntype series (Table 3).

Table 3. Measurements (in mm) of the syntype series of Praehyalocylis annulata (Tate).

Locality L Dap Dar AA NA Plate 5
Adelaide 340 174 2.32 10° 10 fig. 7 (lectotype)
191  (0.66) (1.08) (10°) 14 fig. 8
2.82  (1.00) (1.58) (16°30%) 21-22 fig. 9
Aldinga 422  (1.00) 2.29) (18°) 23 fig. 11
249  (2.32) - - 10 fig. 12

L = length of shell, Dap = apical diameter, Dar = apertural diameter, AA = apical angle, NA =
number of annulations.

The lectotype designation restricts the type locality to: Adelaide borehole = Kent
Town bore, northeast Parklands, city of Adelaide (Ludbrook, 1973, pp. 244, 247).
Depth not indicated, but according to Ludbrook (p. 247) Tate’s material came from
depths between 45 and 66.4 m. Stratum typicum are the *Glauconitic clayey sands’
(Tate, 1887). According to Lindsay (1969, appendix 2, p. 59, bore no. 70) the interval
mentioned by Ludbrook (see above) comprises the units 10 (basal part) and 11, which
are respectively the Blanche Point Banded Marls and equivalents of the Blanche Point
Transitional Marls and Tortachilla Limestone (Late Eocene, Aldingan).

Two paralectotypes originate from Blanche Point, Aldinga, between Maslin Bay
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and Aldinga Bay, Willunga Embayment, St Vincent Basin, South Australia, from the
Turritella clays’. This deposit belongs to the Late Eocene (Aldingan) Gull Rock
Member of the Blanche Point Formation (frequently also called ’Blanche Point Marls’,
in the literature). Extensive information, including nice, coloured illustrations of the
Blanche Point locality and of the clay with *Turritella’ aldingae Tate is to be found in
Cooper (1979, pp. 18-19, pls 8-9).

Material studied — Lectotype (SAM P29778) and paralectotypes (SAM T 214,
P29779-29780) from Adelaide and Aldinga (PL. 5, figs. 7-9, 11-12), as discussed above.

Aldinga Bay, Australia (Late Eocene, Aldingan): 1 defective specimen (P1. 5, fig.
10), RGM 229 410.

Discussion— A very similar form, Praehyalocylis chivensis Korobkov & Makarova, 1962,
was described from Late Eocene deposits (Zone with Variamussium fallax) at Khiva,
Uzbekistan, U.S.S.R. (south of Lake Aral). This species, judging from the illustration
given by its authors, matches S. annulata closely. Tate’s taxon was obviously unknown
to the Russian authors, they only compared their P. chivensis extensively with the
European Oligocene species ’Tentaculites’ maximus Ludwig, 1864. In my opinion there
is no evidence to be found in the available information to consider P. annulata and P.
chivensis as separate species. There are differences in the density of the annulations,
but this characteristic is quite variable in P. chivensis. Furthermore both taxa are ap-
proximately of the same age and it may safely be assumed that both occurrences
formed part of one and the same species, with a wide distribution pattern.

From the North Sea Basin a still insufficiently known species, P. cincta (von
Koenen, 1892), is known from Latdorfian sediments in Germany and Belgium. These
deposits belong to nannoplankton zone NP 21 (Martini & Ritzkowski, 1969; Locker,
1988; Verbeek et al., 1988), which nowadays is regarded as Late Eocene by many
workers. Information on the nannoplankton flora of the Aldinga units would be neces-
sary to decide whether or not P. annulata and P. cincta are contemporaneous. It might
even be that P. cincta does not differ specificly from P. annulata, but I have insufficient
material available of the North Sea Basin form for an objective conclusion in this
matter. Evidently P. cinctais the ancestral species of the Rupelian P. maximus complex.

Doubtful Praehyalocylis occurrences in the Tethys area, geographically interme-
diate between the Uzbekistan and Atlantic localities are ’Tentaculites’ cretaceus
Blanckenhorn, 1889 and Hyalocylis euphratensis Avnimelech, 1945. Both were
described from one and the same locality in southern Turkey CWest of Nizip’, see map
in Avnimelech, 1945, p. 637). The age of the sediment, in which these species were
found, was originally considered to be Late Cretaceous (probably Senonian; Blancken-
horn, 1889). Avnimelech (1936) suggested that the age probably was Eocene, but later
the same author (1945, p. 637) stated that a Miocene age seems to be the most probable.
Bernasconi & Robba (1982, p. 213), however, apparently had reason still to consider
these forms as Eocene. I have no direct evidence, but the fact that the same locality
yielded also the pteropod Clio multicostata (Bellardi, 1873) contradicts the Eocene, and
makes a Miocene age much more likely. Also I think it very acceptable, judging from
the literature, that H. euphratensis indeed is the apical part of *Tentaculites’ cretaceus.
This was also Blanckenhorn’s opinion, but it was denied by Avnimelech, who gave no
other basis for his view than ’there are several reasons against this opinion’ (Avnime-
lech, 1945, p. 643). Finally, the Turkish species fits much better in the genus Hyalocylis,
because of its curved shell. H. cretacea seems to be closely related to, if not identical
with, Hyalocylis haitensis (Collins, 1934), described from the Miocene of the Carib-
bean, which because of its curved and dorso-ventrally compressed shell is a typical
representative of the genus Hyalocylis.
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Further genuine Praehyalocylis occurrences are known from the European
Oligocene: P. maximus (Ludwig, 1864) and related taxa, known from the Paratethys
(Czechoslovakia; Oppenheim, 1922, p. 82) and from the Atlantic region: Mainz, North
Sea and Paris basins (up to now partly unpublished). Some members of the P.
maximus-complex resemble P. annulata closely and it will be very difficult to find
discriminating characteristics, other than the difference in age! This will mainly
depend on the availability of well-preserved material.

In avery recent paper, received just in time to be discussed here, Squires (1989, p.
444) described equally Late Eocene specimens from the Keasey Formation in NW
Oregon, and the Quimper Sandstone, NW Washington, U.S.A. He identified this
material as Praehyalocylis cretacea (Blanckenhorn, 1889) and included in this taxon
Early Oligocene to Early Miocene specimens from the U.S.A. (Blakeley and Pysht
Formations, NW Washington; Astoria Formation, SW Washington). In his figs. 1-5
Squires illustrated only specimens from the Keasey Formation. These resemble
closely the Australian material of P. annulata, but have a very slender basal shell part.
As this part of the shell is still unknown in P. annulata this can be no reason to consider
the new worl specimens to differ specificly. The younger specimens mentioned by
Squires cannot be interpreted without seeing the actual material. As discussed above,
the name Tentaculites cretaceus Blanckenhorn, 1889 cannot be applied for this material.

Itis interesting to see that the oldest Praehyalocylis occurrences are widely distri-
buted in the Pacific area. Bernasconi & Robba, 1982, p. 213, text-fig. 2) suggested that
Praehyalocylis originated in the Tethys area. The now known Late Eocene distribu-
tion: South Australia, New Zealand, NE Pacific and southern U.S.S.R., completed by
an only very slightly younger representative in the North Sea Basin, rather suggest an
origin somewhere in the Pacific and subsequent migration through the Tethys.

Styliola annulata Tate, 1887 is not preoccupied by Creseis annulata Rang in
Deshayes, 1853, which is a junior synonym of Hyalocylis striata (Rang, 1828) (see van
der Spoel, 1967, p. 65).

Genus Swyliola Gray, 1850
Type species — Swyliola recta Lesueur ms [= S. subula (Quoy & Gaimard, 1827)].

Styliola subula (Quoy & Gaimard, 1827)
PL 5, figs. 13-19; Pl. 6, figs. 1-9.

* 1827 Cleodora subula, Quoy & Gaimard, p. 233, pl. 8, figs. D1-D3.
1828 Creseis spinifera N., Rang, p. 313, pl. 17, fig. 1.
1873a Swliola sulcifera. Gabb, n.s., Gabb, p. 200.
1875 Clio subulata Quoy et Gaimard - Seguenza, p. 148.
1876 Cleodora subulata, Quoy e Gaym. - Seguenza, p. 41.
1878 Creseis subulata (Cleodora), Quoy et Gaimard - Tiberi, p. 74.
1880 Creseis subulata (Cleodora), Quoy et Gaimard - Tiberi, p. 36.
1880 Creseis subulata Quoy et Gaim. - Seguenza, p. 276.
1881 Swyliola sulicifera - Gabb, p. 337.
1882  Swliola suicifera - Guppy, p. 175.
v. 1887 Swliola Rangiana, spec. nov., Tate, p. 194, pl. 20, fig. 2.
1893 Swliola sulcifera Gabb - Dall, p. 430.
v. 1897 Clio (Styliola) rangiana, Tate (sp.) - Harris, p. 20, pl. 1, fig. 6a-b.
. 1903 Swliola rangiana, Tate - Dennant & Kitson, p. 94.
1905 Swliola subulata, Quoy et Gaimard sp. (Cleodora) - Bellini, p. 44.
1912 Clio (Styliola) subula (Quoy et Gaimard) - Yamakawa & Ishikawa, p. 4, pl. 1, fig. 4a-b.
1921 Clio (Swyliola) Lamberti Checchia-Rispoli, Checchia- Rispoli, p. 10, figs. 3, 3a.
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1924 Clio rangiana Tate (Styliola) - Finlay, p. 336.
1924  Clio rangiana (Tate) - Marwick, p. 323, pl. 6, fig. 4 (copy of Tate’s 1887 figure).
. 1934 Swyliola sulcifera Gabb - Collins, p. 202, pl. 9, figs. 9-12.
? 1945 Swliola aff. S. subula (Quoy and Gaimard) - Avnimelech, p. 640, fig. 2.
1959 Swliola subula (Quoy & Gaimard) - Zilch, p. 50, fig. 166.
1968 Swyliola lamberti Checchia-Rispoli - Sirna, p. 420, fig. 6.
1971 Swliola sulcifera Gabb - Jung, p. 216, pl. 19, figs. 14, 15.
1971 Swliola subula (Quoy and Gaimard) - Jung, p. 217 (sub S. sulcifera).
1974 Swliola cfr. subula Q. e G. - di Geronimo, p. 183.
1977 Swliola cf. subula (Quoy & Gaimard, 1827) - Robba, p. 587.
1978 Swliola cf. subula (Quoy & Gaimard, 1827) - Robba & Spano, p. 762, pl. 76, figs. 2, 3.
1979 Swliola subula (Quoy and Gaimard) - Shibata, p. 111 ff,, pl. 20, figs. 31-40.
1979 Swliola lamberti Checchia Rispoli, 1921 - d’Alessandro et al., p. 84, pl. 16, figs. 43-45.
1979a Swliola lamberti - Krach, p. 659, 660.
1979b Swyliola lamberti Chec.-Rispoli - Krach, p. 1391.
1979¢ Swliola lamberti (Chec.-Rispoli) - Krach, p. 1392.
1980 Swliola subula (Quoy & Gaimard) - Shibata, p. 62.
1980 Swliola subula lamberti (Checchia Rispoli, 1921) - d’Alessandro & Robba, p. 617, pl. 61,
figs. 1-5.
1981 Swliola subula (Quoy and Gaimard) - Shibata & Ishigaki, p. 57ff.
1981 Swliola lamberti Checchia-Rispoli, 1921 - Krach, p. 122, pl. 1, fig. 10.
1982  Swliola sulcifera Gabb - Bernasconi & Robba, p. 214.
1982 Swyliola rangiana Tate - Bernasconi & Robba, p. 215.
1982 Swliola subula (Quoy & Gaimard) - Bernasconi & Robba, p. 216.
1982 Swyliola subula lamberti (Checcia Rispoli) ~ Bernasconi & Robba, p. 217.
1982 Swliola subula sulcifera Gabb - Bernasconi & Robba, p. 217, 218.
1982 Swliola aff. subula (Quoy & Gaimard) -~ Bernasconi & Robba, p. 217-219.
. 1982 Swliola subula (Quoy & Gaimard, 1827) - Grecchi, p. 719, pl. 52, fig. 3.
Non: 1921 Clio (Styliola) rangiana (Tate) - Suter, p. 71 (= Praehyalocylis annulata) (Dr P.A.
Maxwell, pers. comm.).
(For further references, mainly concerning Quaternary and Recent occurrences, the reader is
referred to the relevant literature.)

Description — Shell small, elongated conical, straight, slightly curved or somewhat
irregular. The protoconch is pointed. At a short distance from the apex a distinct
swelling of the larval shell is present, not abruptly separated from the postembryonic
shell parts. The posterior and anterior transitions of the swollen part are about equally
gradual. At a shell diameter of c. 0.5 mm a longitudinal groove develops, running
obliquely (from posterior left to anterior right) towards the aperture. Posteriorly of this
groove the shell transverse section is circular, more anteriorly the presence of the
groove makes it more or less cordiform to distinctly elliptical. The aperture is broken in
all available specimens, but from the growth-lines it can be decided that the shell-wall
is produced at the place where the groove reaches the apertural margin. The shell-wall
is very thin, making the groove internally just as apparent as externally.

Type material — The syntypes were not found in the collection of the malacological
department, Musée national d’Histoire naturelle, in Paris (van der Spoel, 1976a, p.
189). Their present whereabouts is unknown. The type locality is *Cote de Ténériffe’
(Quoy & Gaimard, 1827, p. 233) (Recent).

Material studied (exclusively Australian Cainozoic samples are mentioned here) —Muddy
Creek, Hamilton, Australia (Miocene, Balcombian to Bairnsdalian): 12 more or less
defective specimens (5 measured), NMV P116250; 19 specimens (3 measured), RGM
229 473; 1 specimen (PL. 6, fig. 7), 6 specimens (6 measured), from interior of Harpa
pulligera Tate, RGM 229 488- 489: 2 specimens, from interior of Ancillaria pseudaustra-
lis Tate, RGM 229 500; 2 specimens (P1. 6, figs. 5-6), BM(NH) G. 9306 (one of these
figured in Harris, 1897. According to this author the sample originally comprised 3
specimens) .
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Do., without any indication of the level: 4 specimens (lectotype and paralecto-
types of S. rangiana Tate; Pl 5, figs. 13-17), SAMBBM T 238/1-4; 1 specimen
(paralectotype of S. rangiana Tate, found together with holotype of ‘Styliola’ bicarinata
Tate), SAM P29781; 2 specimens (P1. 6, figs. 8-9), leg. Bailey, AMS C143.929.

Do., (locality specified as Muddy Creek, SW below Clifton Homestead, in
MacDonald’s Bank) (Pliocene, Kalimnan, Grange Burn ’Coquina’, but probably
reworked from the underlying Muddy Creek Formation): 1 specimen, leg. W.F.
Ponder and E.K. Yoo, 4.3.1977, AMS C149.280.

Batesford, Australia (Miocene, Batesfordian to Bairnsdalian): 1 specimen (Pl. 6,
fig. 4), 52 specimens, RGM 229 447-448.

Red Bluff, Shelford, Australia (Miocene, Balcombian): 4 specimens, RGM 229
466.

Altona Bay, Australia (Miocene, ?7Balcombian): 8 juvenile specimens, RGM 229
438.

Schnapper Point, Mornington, Australia (level not indicated): 2 specimens
(paralectotypes of S. rangiana Tate; Pl. 5, figs. 18-19), SAM T 238/5- 6.

Balcombe Bay, Mornington, Australia (Miocene, Balcombian): 115 specimens,
RGM 229 455; 1 specimen (PL. 6, fig. 3), 3 specimens, BM(NH) G. 74.541.

Fossil Beach, Mornington, Australia (Miocene, Balcombian): 151 more or less
defective specimens, NMV P116252 (in the same sample there are also a turritellid
gastropod and two scaphopods); 1 specimen (PL. 6, fig. 1), 101 more or less defective
specimens, RGM 229 459-460; 1 defective specimen (with additional locality data),
AMS C149.276; 438 predominantly juvenile specimens, from interior of Eutrephoceras
sp., RGM 229 463; (sample indicated Mornington, Port Phillip Bay) 8 more or less
defective specimens, AMS C149.277; (sample indicated "Mornington’) 1 specimen (P1.
6, fig. 2), BM(NH) coll., not registered.

Discussion — The species Styliola rangiana Tate, 1887 was based on specimens from
"Muddy Creek and Schnapper Point, Victoria’. Remnants of seven specimens are still
available in the Tate collection. Six of these are glued on a tablet of dark blue
cardboard, stored in a glass-cover container. This container again is glued on a wooden
console, carrying a label. This label states:

Name: Styliola Rangiana Tate pl. XX fig. 2
Hab.: Eocene. Muddy Creek. 1: Schnapper Pt.
T.238

Above the label a figure 1.’ is written in ink, referring to the rightmost specimen in the
container, which is a piece of brownish-grey clay, in which two very defective speci-
mens are visible. The larger one of these (L 7.9 mm) is hardly more than a fragmentary
external mould in the clay, in which only the apertural part of the internal mould is
present, visible from its dorsal side (see P1. 5, fig. 18). Between the internal and external
moulds some shell material is still present. The second specimen in the same piece of
sediment is somewhat hidden and only visible in a left lateral view (PL. 5, fig. 19). It also
is a damaged external mould (L 3.7 mm), in which the greater part of the internal
mould is preserved (apical and apertural parts missing). This specimen too shows its
dorsal side. The state of preservation and the figure ’1’ on the label indicate that these
two specimens represent the syntypes from Schnapper Point.

The four remaining specimens in the container are divided into a middle group
of three specimens and a single shell on the left side of the cardboard, glued separately



Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

on a circular piece of board in the same dark blue colour. Above the label this latter
shell is indicated (in ink) as ’type’. Later the prefix "Holo’ was added in pencil. This
shell (L. 2.6 mm), probably what is left of the illustrated specimen, is badly crushed and
almost entirely covered with a drop of joiner’s glue (compare Pl. 5, fig. 14). Only the
apical part (c. 1.2 mm) is undamaged. Among the middle three specimens (P1. 5, figs.
13,15-16) one is crushed (L c. 4.6 mm) and two have their apertural parts damaged (L of
the remaining parts resp. 3.0 and 3.3 mm). The apical parts of these three shells are
preserved. These four specimens are syntypes from Muddy Creek. It is not possible to
remove the shells from the cardboard, without complete destruction of the specimens.
A further specimen (PL. 5, fig. 17) of this species was encountered in the glass vial
containing the only specimen of Styliola bicarinata Tate, 1887 (also originating from
Muddy Creek and in a similar state of preservation). This specimen, probably mislaid,
is also considered to be a syntype of S. rangiana.

In his paper Tate didn’t designate a holotype and the indication *(Holo) type’ on
the label is not a valid type-designation (ICZN art. 73-a- iii). Therefore the rightmost
specimen from Muddy Creek on the cardboard is designated here as the lectotype (see
PL 5, fig. 13). The other four specimens from Muddy Creek and two specimens from
Schnapper Point are paralectotypes.

The measurements of the type series of Styliola rangiana are given in Table 4.

Table 4. Measurements (in mm) of the Styliola rangiana syntype series.

Locality L w AA AD Plate 5
Muddy Creek 332 0.99 15° 11° fig. 13 (lectotype)
257 0.66 13° - fig. 14
457 1.0+? 16° - fig. 15
298 0.75 14° - fig. 16
292 0.68 13° 12° fig. 17
Schnapper Point 7.88 141 - 11° fig. 18
3.74 099 17° 10° fig. 19
mean value 14.7° 11°

L = length, W = width, AA = apical angle, AD = angle of deviation of longitudinal sulcus.

Tate distinguished his Styliola rangiana from the Recent’Cleodora subulata, Quoy and
Gaimard’ [= Swliola subula (Quoy & Gaimard, 1827)] by its elliptical aperture, the
proportionally greater width and the abruptly tapering apex. These characteristics
again seem to be taken from his illustration rather than from the actual specimens. The
drawing, however, is incorrect in several respects. First of all the apical part of the shell
isrepresented as much too broadly conical; in the specimens this shell-part is distinctly
more elongate and slender. The double constriction of the protoconch is not indicated
in the drawing. Furthermore the position of the longitudinal sulcus is entirely
erroneous: it should run from lower left to upper right, instead of the other way
around. It is possible, however, that the furrow indicated in the drawing, does not at all
represent the longitudinal sulcus. The transverse section of the shell, as given in Tate’s
fig. 2, suggests the presence of a furrow on either side of the shell. This does not agree
with the specimens, and one of these furrows probably represents a crack in the shell-
material, indicating that the illustrated specimen was crushed. This indeed also
accounts for the high value of the width/length-ratio of the drawing, as well as for the
’elliptical aperture’. A final error in the illustration is the indicated curvature of the
shell, which is not supported by the existing syntype material.
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From these observations it is obvious that neither the apical shell-part nor the
transverse section demonstrate significant differences from Recent Styliola subula.
Still, the measurements given above show that the apical angle of the S. rangiana speci-
mens ranges from 13 to 17°, with a mean value of 14.7°. If these figures are compared
with data supplied by d’Alessandro & Robba (1980, p. 620, fig. 6) for Recent Mediterra-
nean specimens it seems that the Australian form is considerably less slender. Possibil-
ities for discrimination might also be found in the angle of deviation of the longitu-
dinal sulcus, as defined by d’Alessandro & Robba (loc. cit.). I studied these possibili-
ties for the following Styliola populations (Fig. 2):

1.Swyliola subula (Quoy & Gaimard, 1827). Recent, off Salayer, Flores Sea, Indonesia (Snellius II
expedition, sta. 4.155,6°22° S, 120° 26’ E, depth 233-274 m, bottom sample, 28.9.1984, coll. RGM) (n=
30).

2. Styliola subula (Quoy & Gaimard, 1827). Recent, Mediterranean (data from d’Alessandro & Robba,
1980) (n = 21).

3.Swliola subula (Quoy & Gaimard, 1827). Recent, Nicholas Channel, off N. Cuba, Caribbean
[Atlantis expedition, sta. 2.987,23°22’ N, 79° 53° W, depth 280-300 fathoms, bottom sample, 13.3.1938
(compare Chase, 1940), coll. RGM] (n = 25).

4.Styliola sulcifera Gabb, 1873. Late Pliocene, Bowden Beds, Bowden, Jamaica (coll. RGM, leg. Dr
J.P. Krijnen) (n = 19). Note: The age of the Bowden Beds is usually given as Miocene (viz. "Middle
Miocene’: Collins, 1934; "Upper Miocene’: Bernasconi & Robba, 1982), but inspection of a sediment
sample from the RGM collections for its nannoplankton contents by Dr E. Martini (Frankfurt am
Main, F.R.G.) demonstrated a Late Pliocene age (pers. comm., 1988, Dr R. Janssen, Senckenberg
Museum, Frankfurt am Main, F.R.G.).

5.Styliola lamberti (Checchia-Rispoli, 1921). Miocene, Gargano Peninsula, Italy (data from d’Ales-
sandro & Robba, 1980) (n = 23).

6.Styliola rangiana Tate, 1887. Miocene, Muddy Creek, Victoria, Australia (syntype series) and 14
topotypes from other Muddy Creek samples (n = 20 for AA and 18 for AD).

Plate 6

Figs. 1-9. Swliola subula (Quoy & Gaimard, 1827)

la-c: Fossil Beach, Mornington, Balcombe Bay; Miocene, Balcombian, Fyansford Formation. Adult
specimen with only slightly damaged aperture, RGM 229 459, a-b: X 12.5, c: X 24,

2a-b: Mornington, Port Phillip Bay; Miocene, Balcombian. Adult defective specimen, BM(NH), not
registered, X 12.5.

3: Balcombe Bay; Miocene, Balcombian, Fyansford Formation. Juvenile specimen, BM(NH) G
74541, X 12.5.

4a-c: Batesford, new quarry; Miocene, Batesfordian to Bairnsdalian, Fyansford Formation, grey
clays. Adult specimen, aperture damaged, RGM 229 447, a-b: x 12.5, ¢: X 24.

5-7: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation. More
or less defective specimens, BM(NH) G 9306, 5a, 6: X 12.5, 5b: X 22; 7a-b: adult specimen with
damaged aperture, from interior of Harpa pulligera Tate, RGM 229 488, X 12.5.

8-9: Locality data as for figs. 5-7, but level not indicated (?Miocene). Juvenile specimens, AMS
C143.929, 8a-c, 9a-b: X 12.5, 9¢-d: X 25.

Fig. 10. ?Swyliola sp.

Spring Creek near Torquay; ?Late Oligocene to Early Miocene, Janjukian-Longfordian, Jan Juc
Formation or overlying Puebla Formation. One specimen in four fragments, RGM 229 417, a-b: X 25,
c-g: X 12.5.

Figs. 11-12. ?Clio sp.

Aldinga Bay, Willunga Embayment, St Vincent Basin; Late Eocene, Aldingan, Blanche Point Forma-
tion, Gull Rock Member, Clay with *Turritella’ aldingae Tate.

11a-d: Distorted specimen in two fragments, RGM 229 412, a-c: X 12.5, d: X 25.

12a-c: Distorted specimen, RGM 229 411, X 12.5.
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n=18

Fig. 2. Measurements of Styliola-populations.

1. Styliola subula (Quoy & Gaimard, 1827), Recent, Flores Sea, Indonesia.

2. Swliola subula (Quoy & Gaimard, 1827), Recent, Mediterranean (data from d’Alessandro & Robba,
1980).

3. Swyliola subula (Quoy & Gaimard, 1827), Recent, off N. Cuba, Caribbean.

4. Styliola sulcifera (Gabb, 1873), Late Pliocene, Bowden, Jamaica.

5. Styliola lamberti (Checchia-Rispoli, 1921), Miocene, Gargano Peninsula, Italy (data from d’Ales-
sandro & Robba, 1980).

6. Styliola rangiana Tate, 1887, Miocene, Muddy Creek, Victoria, Australia (including the syntype
series).

AA = apical angle, AD = angle of deviation of longitudinal sulcus.

During the measuring procedure it was painfully noticed that the values obtained are
strongly influenced by the orientation of the shell, especially if a specimen is not
regularly conical or has a more or less elliptical transverse section. A slight rotation of
the specimen frequently changes the measured angles with more than one to several
degrees. Thus, it seems hardly useful to give these values in minutes and seconds, as
has been done by d’Alessandro & Robba (1980, p. 618). To make my results compa-
rable as much as possible the shells were measured in such a position that in a straight
vertical view through the binoculars the initial point of the longitudinal groove just
touches the left side line of the specimen.



Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

For the above populations the ranges and mean values of AA (apical angle) and
AD (angle of deviation of longitudinal sulcus) are given in Fig. 2. From this diagram it
is obvious that the Muddy Creek material, including the S. rangiana syntypes, has the
highest mean value for the apical angle of all populations measured. The range of this
sample, however, almost completely falls within the range of the Italian S. *lambert?
and the mean value of S. *lambert’ coincides with Recent Caribbean S. subula and
Pliocene S. ’sulcifera’. So it is impossible to apply the apical angle for a subdivision of
Styliola. Still, the diagram could indicate a general decrease of the AA parameter in the
course of time. However, the value for sample 3, compared with those of samples 1 and
2, indicates that the degree of variability among the various Recent populations is quite
high and therefore I reject the introduction of species or subspecies based on the
characteristic of a certain value for AA without a further biometric investigation of an
abundant material.

The AD diagram demonstrates a similar pattern of values decreasing in the
course of time, with the exception of the admittedly rather few S. ’rangiana’ specimens,
showing values resembling those of the Recent populations. The S. sulcifera’ and S.
’lamberti” values are distinctly higher. So, apparently this value too does not change
according to a time-dependant evolutionary mechanism, but possibly as a result of
environmental circumstances. These observations lead to the conclusion that the
various names have, at best, value for the denomination of formae, not for taxa of the
species-group. All populations belong to one and the same species, which should be
named Styliola subula (Quoy & Gaimard, 1827).

The name S. subula is applied here to this species following the current use in
zoological literature, in recognition, however, of the fact that an interpretation of the
original description and illustration of this taxon is extremely hazardous and confusing
(see also Vayssiére, 1915, p. 94). This is already demonstrated by the paper of Rang
(1828), just one year later than Quoy and Gaimard’s paper, in which the new taxon
Creseis spinifera is treated separately from C. subula, the former being easily recogniz-
able as what nowadays is considered to be ’typical’ S. subula! In the apparent absence of
Cleodora subula syntypes it is strongly advised to exclude further confusion and to
stabilize nomenclature in this case by the designation of a neotype.

2Styliola sp.
PL. 6, fig. 10.

Description — Four fragments are available, that may have belonged to one and the
same specimen. The shell is apparently almost straight, slender conical, with an apical
angle of c. 11°. In the apical fragment the larval shell is completely preserved. It has a
double constriction, just as in S. subula, also without a sharp boundary to the postem-
bryonic shell. The apex of the protoconch is pointed. The transverse section of the
shell is circular near to the apical part, but slightly compressed dorso-ventrally towards
the aperture. The growth-lines are rather indistinct and show locally some curvature in
apertural direction. This is only visible in the two fragments with the largest diameter
and may indicate the dorsal side of the shell. There is no further surface sculpture.

Material studied — Spring Creek, Torquay, Australia (?Oligocene, ?Janjukian): 4
fragments, probably belonging to one and the same specimen (PL. 6, fig. 10), RGM 229
417.

Discussion— The present material, of course, is insufficient to allow a sound identifica-
tion. The embryonic shell resembles the Miocene specimens of Styliola subula (Quoy
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& Gaimard, 1827) closely, but an oblique longitudinal groove, as present in Styliola, is
not found in the specimen from Spring Creek, although the largest fragment has a
diameter of c. 1 mm, where such a groove should already have been developed. Still,
the growth- lines show a similar curvature in apertural direction, indicating that we
might be dealing here with a species ancestral to S. subula, in which a longitudinal
groove is absent or only developed beyond a shell diameter of 1 mm. In the absence of
more and better preserved specimens little else can be done than referring to this
specimen in open nomenclature.

Subfamilia CLIOINAE
Genus Clio Linné, 1767

?Clio sp.
PL. 6, figs. 11-12.

? 1982 Bovicornu robbai Buanoiuto — Bernasconi & Robba, p. 213 (nomen nudum).

Description— Only two distorted specimens are available, one of which is broken in two
fragments. The shell is conical. The larger specimen has a distinct curvature in its
apical part. Analogous to the Recent species Clio polita (Pelseneer, 1888) (see van der
Spoel, 1967, p. 75, fig. 68a-b) this is supposed to be a dorsal curvature. The other
specimen, however, is straight. Initially the transverse section of the shell is circular,
but later, at a diameter of some 0.75 mm, two sharp lateral carinae develop. Both shells
are obliquely compressed, but in adapical views it can be seen that the carinae are not
situated at mid-shell, but that they are somewhat shifted to one side (i.e. the dorsal side
in the curved specimen). The ratio between the dorso-ventral and the transverse
diameters is difficult to estimate because of the distortion, but it seems to be close to 1.

The protoconch is preserved in the smaller specimen only. It is ovoid and has
apparently a rounded tip. There is a vague boundary between this initial part and the
younger shell parts, followed by a slight and gradual further swelling of the oldest part
of the teleoconch.

The growth-lines are virtually invisible because of the worn condition of both
shells, but on the dorsal side they seem to curve slightly in apertural direction.

Material studied — Aldinga Bay, Willunga Embayment, St. Vincent Basin, South
Australia [Late Eocene, Aldingan, Gull Rock Member of the Blanche Point Formation
(frequently also called *Blanche Point Marls’, in the literature), clay with “Turritella’
aldingael: 1 specimen and 1 defective specimen (PL. 6, figs. 11-12), RGM 229 411-412.

Discussion — Buonaiuto [1979] described his Bovicornu robbai from the Late Eocene
Blanche Point Formation of the Adelaide (=Kent Town) borehole. The only specimen
available to him was preserved in the sediment content of a Sinum (Ectosinum) sp. It
belongs to the collection of the South Australian Museum at Adelaide, but the
specimen seems to be missing (see also the chapter ’Pteropods described by
Buonaiuto’ below). The name Bovicornu robbai, however, is just a manuscript name. It
would have been easy to validate this name in the present paper by including Buona-
iuto’s description, in which case he would have been the author of the taxon. In the
absence, however, of the specimen and with the uncertainty concerning the identity of
my material I prefer to leave the situation as it is. Should the Adelaide specimen turn
up, then the taxon has to be validated as yet.

Especially from new illustrations of Bovicornu, given by MacNeil & Dockery
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(1984) it is obvious that the present material cannot be assigned to this genus. The
structure of the ’robbai’ protoconch and the shape of the shell with the lateral carinae
suggest strongly a close affinity to Clio, of which it would be the oldest known repre-
sentative.

Subfamilia CUVIERININAE
Spoelia gen. nov.

Diagnosis — Shell uncoiled, bilaterally symmetrical, elongately triangular with a slight
dorso-ventral flattening. The larval shell is creseiform. The adult shell is characterized
by the presence of two lateral carinae with a squarish transverse section, that disappear
just before the aperture. Shell surface with a very fine radial sculpture. Incremental
lines straight to very slightly bent in apertural direction on one side of the shell (inter-
preted as the ventral side) and more strongly curved in the same direction on the other,
presumably dorsal side. Aperture of completely adult specimens regularly elliptical in
adapical view.

Type species — Spoelia torquayensis sp. nov.

Distribution — The type and only known species S. torquayensis is known from the Late
Oligocene of southern Australia and the Aquitaine Basin in southwestern France.

Derivatio nominis — This genus is named in honour of the Dutch zoologist Professor
Siebrecht van der Spoel (Instituut voor Taxonomische Zod6logie, Amsterdam Univer-
sity), whose long list of publications testifies to his substantial contribution to the
knowledge of mainly Recent planktonic gastropods. He has always been prepared to
discuss fossil pteropod taxonomics with me, for which I am really grateful. The name
Spoelia should be pronounced [’Spuli:a), according to the Dutch pronunciation of the
name ’van der Spoel’.

Discussion — The new genus is provisionally classified in the Cuvierininae. Admit-
tedly, the form of the larval shell agrees roughly with several Creseinae (especially
Styliola), but a radial sculpture, a distinct dorso-ventral flattening and lateral carinae
are not known from representatives of that subfamily.

The general appearance of Spoelia resembles the genus Clio closely, but in this
group the globular larval shell is distinctly separated from the post-larval shell by just
one constriction and a sharp boundary; a radial micro-sculpture is unknown in this
group.

The Spoelia protoconch demonstrates a remarkable resemblance to that of
Cuvierina, as could be established by a study of juvenile Cuvierina specimens from the
Early Pliocene of SE France (locality Le Puget-sur- Argens, H.-J. von Hacht leg., RGM
collection). In the Cuvierininae furthermore a very similar radial sculpture is found,
for example in the Recent species C. columnella (Rang, 1827). Representatives of the
Cuvierininae are characterised, however, by a circular transverse section without
carinae, and furthermore by the fact that the species shed their larval shell and close
the opening with a septum, characteristics that do not occur in Spoelia.

Also to be classified in the Cuvierininae are a number of species, to which e.g.
belong ’Vaginella® tenuistriata Semper, 1861 (Late Oligocene of NW Europe) and
*Vaginella® torpedo Marshall, 1918 (Miocene of New Zealand) and other, yet undes-
cribed species from the Eocene of Patagonia [British Museum (Natural History) no. G.
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12030] and the Miocene of the Aquitaine Basin in SW France (RGM). In this group the
various species also do not shed their larval shells, but the general appearance, inclu-
sive of the radial sculpture and the construction of the aperture distinctly resembles
Cuvierina, thus forming a bridge to the new genus Spoelia.

Spoelia torquayensis sp. nov.
Pl 7, figs. 1-5.

Holotype — P1. 7, fig. 1, leg./don. D. Curry, NMV P123408.

Type locality — Torquay, Bird Rock, Otway Basin, Victoria, Australia.

Stratum typicum — The type sample was collected from the so-called *Glycymeris Beds’, as described in
Singleton (1941, p. 39), belonging to the Torquay Group, Jan Juc Formation (Oligocene, Janjukian;
see Ludbrook, 1967, p. 14; 1973, p. 248).

Derivatio nominis — This species is named after its type locality.

Description — Not one complete adult specimen is available, so this is a composite
description, based on several specimens.

Shell small, uncoiled, bilaterally symmetrical, elongately triangular, with a
dorso-ventral flattening in apertural direction. The larval shell has a rounded apex.
There are two slight constrictions, one at a diameter of c. 0.08 mm and one at c. 0.15
mm. There is no sharp boundary between the larval and post larval shells. The trans-
verse section of the shell is circular in the apical shell part, but towards the aperture the
dorso-ventral diameter is only c. three fourth of the transverse one.

At a shell diameter (ventral view) of c. half a mm two distinct lateral carinae
develop. They have a squarish section, so each carina has two rather sharp edges.
These carinae disappear rather abruptly just before the aperture (visible in one
specimen only), at a shell diameter of ¢. 1.2 mm. From here on, the transverse section

Plate 7

Figs. 1-5. Spoelia torquayensis sp. nov.

1-2: Torquay, Bird Rock, Otway Basin; Oligocene, Janjukian, Torquay Group, Jan Juc Formation,
Glycymeris Beds.

la-d: Adult specimen, apical part broken, holotype, NMV P123408, X 12.5.

2a-e: Juvenile specimen, paratype, RGM 229 428, a-c: X 12.5, d-e: X 25.

3-4: Peyrehorade, abandoned clay-pit near Peyrére (France, Landes department); Oligocene,
Chattian, Marnes de St. Etienne-d’Orthe. Juvenile specimens, apertures damaged, resp. RGM 229
505-506, 3a-c, 4a-b: X 12.5, 3d, 4c: X 25.

5a-c: St. Paul-les-Dax, outcrop Estoti (France, Landes department); Oligocene, Chattian, Falun de
St. Paul-les-Dax. Defective specimen, paratype, RGM 229 508, X 12.5.

Figs. 6-7. Vaginella bicarinata (Tate, 1887)

6a-d: Muddy Creek, Hamilton; ?Miocene (no level indicated). Juvenile specimen without proto-
conch, holotype, SAM T 237, X 6.

7a-c: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation.
Very juvenile specimen, protoconch damaged, RGM 229 474, X 25.

Figs. 8-12. Vaginella depressa Daudin, 1800

Muddy Creek, Hamilton; Miocene Balcombian to Bairnsdalian, ’lower beds’ (= Muddy Creek
Formation).

8a-c: Adult specimen without protoconch, lectotype, SAM T 236, X 6.

9-12: Adult, more or less damaged specimens, paralectotypes, SAM T 236, X 6.
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of the shell is regularly elliptical. The carinae are accentuated by the presence of a
slightly concave part of the shell wall on either side.

An extremely fine but unmistakable radial sculpture is present from a shell
diameter of c. 0.7 mm towards the aperture. The growth-lines are almost horizontal to
very slightly bent in apertural direction on one side of the shell (interpreted as the
ventral side), whereas they are curved somewhat stronger in the same direction on the
other, presumably dorsal side.

Material studied — Holotype, NMV P123408, and 2 paratypes (one illustrated in P1. 7,
fig. 2), RGM 229 428-9, from the type locality.

Spring Creek, Torquay, Australia (?0Oligocene, ?Janjukian): 1 juvenile specimen,
RGM 229 418.

St. Etienne-d’Orthe (France, Landes department), outcrop in Ruisseau de
I’Eglise, at coordinates x =316.400 and y = 148.800 (map-sheet XIII-43, St. Vincent-de-
Tyrosse; locality described in Janssen, 1985b, p. 120) (Oligocene, Chattian, ’Marnes de
St. Etienne-d’Orthe’), 2 juvenile specimens, 1 defective adult specimen, leg. A.W.
Janssen, RGM 229 503; 8 juvenile specimens, leg./don. P. Lozouet, RGM 229 504.

Peyrehorade (France, Landes department), abandoned marl-pit near Peyrére,
from sediment wasted during former excavation activities (Oligocene, Chattian,
’Marnes de St. Etienne-d’Orthe’), 2 juvenile specimens (Pl. 7, figs. 3-4), 11 juvenile
specimens, leg. A.W. Janssen, 1981, RGM 229 505- 507.

St. Paul-les-Dax (France, Landes department), outcrop near Estoti (Oligocene,
Chattian, Falun de St. Paul-les-Dax): 1 juvenile specimen (P1. 7, fig. 5), 13 juvenile
specimens, leg./don. P. Lozouet, RGM 229 508-509.

Discussion — The squarish lateral carinae make this species resemble the Recent Clio
convexa (Boas, 1886), which has, however, an entirely different shell-form and proto-
conch (compare Boas, 1886a, p. 73, 203, figs. 97a-d; van der Spoel, 1967, p. 70, figs. 55,
59). C. convexa has generally been considered a form of the well-known species C.
pyramidataLinné, 1767, but 1 agree with Bé & Gilmer (1977, p. 773) that the differences
in both larval shell and lateral carinae justify its separation as an independent taxon.

The Recent Clio orthotheca (Tesch, 1948) resembles the present species at first
glance, but it has a more compressed shell with somewhat flexuous side edges, which
are sharp, not squarish in transverse section, and there is no radial sculpture on the
shell’s surface. Finally C. orthotheca has an entirely different embryonic shell (Tesch,
1948, p. 21, pl. 2, fig. 4).

In the French material one defective specimen from St. Etienne-d’Orthe reaches
almost the same state of maturity as the holotype and demonstrates very convincingly
the radial sculpture. The larval shells and the carinae are completely identical with the
Australian specimens, so there is no doubt whatsoever on their specific identity.

The French ’Marne de St. Etienne d’Orthe’ is considered to be latest Chattian in
age (Steurbaut, 1984), which agrees comfortably with the present-day age interpreta-
tion of the Jan Juc Formation (Abele, in Douglas & Ferguson, 1988, p. 307, fig. 8.13).
Thus, Spoelia torquayensis represents a magnificent tool for correlation between
Australia and Europe.

Subfamilia CAVOLINIINAE
Genus Vaginella Daudin, 1800

Type species — Vaginella depressa Daudin, 1800 (monotypy).
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Discussion — A classification of the genus Vaginella within the subfamily Clioinae, a
point of view maintained by several authors, is rather unsatisfactory. The shell charac-
teristics of this group demonstrate many differences with the Clioinae, as for example
the construction of the embryonic shell, which is not spherical and indistinctly
separated from the post-embryonic shell, resembling more closely that of Creseinae
and/or Cuvierininae. In the vaginellids the aperture is frequently narrowed and
provided with a more or less distinct lip, which are unknown features in the Clioinae
s.str., pointing towards a relationship with the Cavoliniinae. The same relation is
strongly suggested by the fact that Vaginella individuals undergo a shell metamor-
phosis during the early ontogenetic stage (Janssen, 1985a), as is also the case, in a very
similar fashion, in Cavolinia and in Diacria.

The genus Vaginella has frequently been interpreted too broadly. This name
should be restricted to species possessing a straight, elongately triangular shell, with a
more or less accentuated pre-apertural constriction. The embryonic shell has an
inflated part, separated from the younger shell parts by a distinct constriction, but
without a sharp boundary; its axis may or may not be deviating from the adult shell
axis. Rarely (Vaginella chipolana Dall, 1893) the embryonic shell part is shed and the
opening closed subsequently by a septum. The full-grown shell has a circular or
broadly elliptical transverse section in its apical part and a dorso-ventral flattening
towards the aperture, which therefore has an elliptical form, frequently influenced by
the presence of vertically running apertural folds or an apertural lip. The apertural
folds may be either present or absent, depending on the species. Quite typical for this
genus is the presence of weak lateral carinae in the posterior half or one third of the
shell. Fine radial sculpture or a coarse transverse undulation of the shell surface is
rarely found. Up to now typical Vaginella species were exclusively known from Oligo-
cene and Miocene deposits.

Such a restricted diagnosis would mean that species like Vaginella torpedo
Marshall, 1918 (Miocene, New Zealand) and V. tenuistriata Semper, 1861 (Late Oligo-
cene, NW Europe), which lack the lateral carinae and have a more or less triangular
aperture (not unlike the Cuvierina species), do not belongin Vaginella. A new genus for
these two taxa (and several others, see above in the remarks on the genus Spoelia), also
differing in the characteristics of their embryonal shells, and to be classified in the
subfamily Cuvierininae, will be introduced in the near future. Furthermore,
*Vaginella’ varanica Sirna, 1968 (Miocene, southern Italy) seems to differ at the generic
level, as it has lateral sulci, instead of carinae.

The systematics of Australian vaginellids could not be unravelled in a satisfac-
tory way. Material is mainly available from just one locality (Muddy Creek, Hamilton)
and most samples lack sufficient data on the stratigraphical level. The few syntypes of
V. eligmostoma Tate, described from Muddy Creek, cannot be distinguished from
certain representatives of the European Vaginella depressa, which itself as yet is an
insufficiently defined taxon.

Additional vaginellid material from Muddy Creek demonstrates significant
differences from this V. eligmostomal/depressa-type, leading to the presumption that
four different Vaginella species are represented at Muddy Creek. Two of these seem to
be connected by a full range of transitional forms. They are treated together below sub
nomine V. depressa. The third species deviates so strongly from the other two by its
extreme elongate form and strongly developed apertural folds that it is introduced here
as a new taxon, Vaginella victoriae. The fourth species is V. bicarinata, which in several
respects differs distinctly from the other vaginellids.

A really satisfactory naming of the Muddy Creek Vaginella depressa complex will
only be possible if a rich material, carefully collected at short intervals, will be

45



46

Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

available. Probably a redefinition of these taxa will need a biometrical analysis, which
makes high demands upon the quality of the samples and their labelling.

Vaginella bicarinata Tate, 1887
PL 7, figs. 6-7.

* 1887 Swliola bicarinata, spec. nov., Tate, p. 195, pl. 20, fig. 9.
1903 Swyliola bicarinata, Tate - Dennant & Kitson, p. 94.
1982 Vaginella bicarinata Tate - Bernasconi & Robba, p. 215, 216.

Description — Shell rather small, elongately conical with a very slight dorso-ventral
curvature, uncoiled, bilaterally symmetrical. Larval shell only partly available in one
specimen. Its extreme point is missing, but what remains forms a distinct swelling of
the shell, separated from the younger shell parts by a constriction, but without a sharp
boundary. In alateral view the ventral side of the swollen larval shell is somewhat more
convex than the dorsal side.

The post-larval shell has an apical angle of c. 11-13° (ventral view), with straight
to very slightly concave sidelines. The apertural part of the shell is damaged in the two
available specimens and therefore it is not known whether or not the adult shell has a
dorso-ventral flattening in apertural direction, as present in many other Vaginella
species. There is no indication of such a flattening in the largest specimen, in which the
transverse dimension is still about nine-tenth of the dorso-ventral one.

Two distinct but not very accentuated carinae are present, one on either side of
the shell. They start a short distance above the constriction separating the larval shell
and continue towards the damaged aperture, also in the largest shell (the holotype),
without any weakening in apertural direction. In the smaller shell distinct wrinkles are
present over the whole length of the two lateral carinae, indicating that this specimen
had already passed the shell metamorphosis and reached the adult stage.

Plate 8

Figs. 1-5. Vaginella depressa Daudin, 1800 (elongate form)

Muddy Creek, Hamilton; ?Miocene (no level indicated).

la-c: Adult specimen, protoconch broken, SAM T 235, X 6.

2-5: Adult specimens, protoconchs broken, leg. Mr Bailey, AMS C143.929, X 6.

Figs. 6-8. Vaginella depressa Daudin, 1800

6a-c: Balcombe Bay, Mornington; Miocene, Balcombian, Fyansford Formation, beds h-k. Aduit
specimen, protoconch broken, RGM 229 456, X 6.

7a-b: Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation.
Apical fragment of adult specimen, protoconch partly preserved, RGM 229 475, X 25.

8: Altona Bay, SW of Newport, near Melbourne on Port Phillip Bay; Miocene, ?Balcombian, Fyans-
ford Formation. Apical fragment of adult specimen, protoconch partly preserved, RGM 229 439, X
25.

Fig. 9. Vaginella ? depressa Daudin, 1800
Fossil Beach, Mornington, Balcombe Bay; Miocene, Balcombian, Fyansford Formation. Adult
specimen, apical part broken, NMV P116251, a: X 12.5, b- ¢: X 6.

Figs. 10-11. Vaginella sp.

10: Locality data as for fig. 8. Apical fragment of adult specimen, protoconch preserved, RGM 229
440, x 25.

11: Batesford, new quarry; Miocene, Batesfordian to Bairnsdalian, Fyansford Formation, grey clays.
Apical fragment of adult specimen, protoconch broken, RGM 229 449, X 25,
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Growth-lines are only visible in the holotype. They are weakly curved in abapical
direction and meet at an obtuse angle on the lateral carinae. The curvature of the
growth-lines is about equally strong on the ventral and on the dorsal side.

Holotype — Tate’s illustrated specimen, apparently the only one available to him and
therefore the holotype, is still present in the collections of the South Australian
Museum at Adelaide, registration number T 237. The shell was glued on a small piece
of blue cardboard and kept in a glass vial. This vial is glued on a wooden console,
carrying a label stating:

Name: Styliola bicarinata Tate Pl. XX fig. 9
Hab.: Eocene. Muddy
Creek T 237

Later the indication ’holotype’ was written in pencil above the label.

As the shell could not very well be studied it was removed from the blue
cardboard by means of immersion in a bit of water, which dissolved the glue rapidly
without damaging the shell. The specimen is represented here in PL. 7, fig. 6.

Several differences are found with Tate’s description and illustration. Though
the shell is described as ’straight’ the drawing suggests an obvious curvature. In reality
the shell is slightly curved indeed, but much less so than indicated in Tate’s drawing. In
the transverse section accompanying Tate’s fig. 9 the lateral carinae are exaggerated,
also the description says the lateral margins to be ’strongly keeled’. So again we find
indications that Tate’s descriptions are based on the drawings rather than on his
material! From the new drawings given here it is clear that the carinae are rather weak,
although they continue from base to aperture on both sides of the shell. In the original
illustration the carinae seem to be situated in the ventral half of the shell, which is
contradicted by the accompanying transverse section. This latter section agrees with
the holotype with respect to the position of the carinae.

The growth-lines are neither described in the original description, nor indicated
in the illustration of this species. They are only difficultly visible in low-angle light.
Both on the ventral and the dorsal side they describe abapical curves, meeting each

Plate 9

Figs. 1-6. Vaginella victoriae sp. nov.

Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation.

Fig. 1a-d: adult specimen, protoconch broken, holotype, NMV P123409, a: X 11, b-d: X 5.5.

Fitg. 2a-f: adult specimen, protoconch partly preserved, paratype, RGM 229 478, a: X 11, b-d: X 5.5,
e-fi X 22.

Figs. 3a-c, 4a-d: adult specimens, protoconchs broken, paratypes, resp. RGM 229 479-480, 3a, 4a: X
11, 3b-c, 4b-d: X 5.5.

5-6: Locality data as above, but level not indicated (?Miocene). Adult specimens, protoconchs
broken, paratypes, SAM T 235, Sa, 6a: X 11, 5b-d, 6b-d: X 5.5).

Figs. 7-9. Vaginella sannicola sp. nov.

San Nicola Varano (Italy, Puglia, Gargano), abandoned limestone quarry; Miocene, Late Serraval-
lian to Late Tortonian, Lago di Varano Formation (?reworked from Late Langhian to Early Serraval-
lian sediments); phosphatic internal moulds, apical and apertural parts more or less damaged.
Ta-c: Holotype, RGM 229 540, X 6.

8-9: Paratypes, resp. RGM 229 541-542, X 6.
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other at obtuse angles on the lateral carinae, exactly the same as in Vaginella. There is
no trace of any other surface sculpture.

Length of holotype 6.17 mm, width at aperture 1.67 mm, apical angle 13°. The
aperture is almost circular (apertural view), the dorso-ventral diameter is c. 9/10 of the
width. Type-locality is Muddy Creek near Hamilton, Otway Basin, Tyrendarra Embay-
ment, Victoria, Australia. "Upper bed’ or "lower bed’ was not indicated by Tate (1887),
but it is highly unlikely that such a delicate shell could have been found in the *upper
beds’ (= Grange Burn Formation). The only known additional specimen, also from the
type locality, is indicated as "Balcombian’ and may therefore equally be supposed to
originate from the lower bed, the Muddy Creek Formation.

Material studied — Torquay, Fishermans Steps, Australia (?0ligocene, ?Janjukian): 71
defective, juvenile specimen, RGM 229 431.

Muddy Creek, Hamilton, Australia (level unknown): 1 defective specimen
(holotype, PL. 7, fig. 6), SAM T 237.

Do., (Miocene, Balcombian to Bairnsdalian): 1 defective specimen (P1. 7, fig. 7),
RGM 229 474.

Discussion — It is clear that this shell does not match the present-day concept of the
genus Styliola. 1 agree with Bernasconi & Robba (1982, p. 215) that the closest affinities
exist with the genus Vaginella (form of larval shell, transverse section, presence of
lateral carinae, etc.), as demonstrated by the holotype and the only additional
specimen available.

The available material of this species is too insufficient to obtain a fair impres-
sion: the apertural shell parts are missing, so the shell may or may not be compressed
dorso-ventrally and a pre-apertural constriction may be present or absent in the
full-grown shell. Also the shape of the complete larval shell is not yet known.

The poor specimen from Torquay is included in this species with some doubt. It
resembles closely the smaller specimen from Muddy Creek, but its larval shell is
missing. Still, its general shell form, the apical angle and the presence of distinct
wrinkles on the lateral carinae make it resemble V. bicarinata closely. Irrespective of
the considerable difference in age I would not have hesitated to consider the specimen
conspecific with V. bicarinata.

Vaginella bicarinata (Tate, 1887) may be compared with other slender Vaginella
species, as for example V. lapugyensis Kittl, 1886 (compare Janssen, 1984b, p. 76, pl. 3,
figs. 6-10). In this species, however, the shell is entirely straight and the lateral carinae
disappear towards the aperture. V. lapugyensis is known from Early and Middle
Miocene deposits in the Paratethys, the Mediterranean and the North Sea Basin. More
or less doubtful occurrences of this species are known from the Late Oligocene (Italy,
Bernasconi & Robba, 1982) and the Early Miocene of the Caribbean (Carriacou, Jung,
1971; Trinidad, Rutsch, 1934). The species V. bicostata (Gabb) (compare Collins, 1934,
pl. 13, figs. 26-27) resembles V. bicarinata closely, but its apical angle is slightly wider
and the shell shows no trace of a curvature. Also the shell of V. bicostata seems to be
slightly more compressed dorso-ventrally.

The provisional conclusion should be, that V. bicarinata (Tate, 1887) seems to be
avalid, independent taxon, related to V. lapugyensis, but a final evaluation will only be
possible when more and better preserved material is available. The name V. bicarinata
at least should be maintained to prevent premature conclusions in the field of palaeo-
zoogeography.
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Vaginella depressa Daudin, 1800
PL 7, figs. 8-12; Pl. 8, figs. 1-8.

For general references and European occurrences the reader is referred to Janssen (in prep.).

1800 Vaginella depressa Daudin, p. 145, pl. 11, fig. 1.

v. 1887 Vaginella eligmostoma, spec. nov., Tate, p. 195, pl. 20, fig. 7.
. 1903 Vaginella eligmostoma, Tate - Dennant & Kitson, p. 94, 137.
1905 Vaginella eligmostoma - Clarke, p. 419.
1914 Vaginella eligmostoma, Tate - Chapman, p. 199, fig. 102E.
. 1962 Vaginella eligmostoma Tate, 1887 - Glibert, p. 62.
? 1971 Vaginella cf. depressa Daudin, 1800 - Jung, p. 214, pl. 19, figs. 5-7.

1977 Vaginella depressa - Shibata, in: Ikebe, p. 152.

1978 Vaginella depressa Daudin - Itoigawa, pl. 3, fig. 9.

1980 Vaginella eligmostoma Tate, 1887 - d’Alessandro & Robba, p. 623, pl. 64, figs. 6a-d, 7a-d
(partim, non pl. 63, figs. 4-7, pl. 64, figs. 1-5 and pl. 65, figs. 1-3 = Vaginella sannicola sp.
nov., described in the present paper).

? 1980 Vaginella depressa Daudin - Shibata, p. 64, 66, pl. 3, figs. 13-17.

1981 Vaginella depressa Daudin - Itoigawa et al., p. 8, 48, 49, pl. 47, figs. 6a-b, 7a-b.

1981 Vaginella depressa Daudin - Shibata & Ishigaki, p. 57, fig. 5

1981 Vaginella inflata n. sp., Hayward, p. 199, figs. 15-17.

1982 Vaginella depressa Daudin - Itoigawa et al., p. 295.

1982 Vaginella eligmostoma Tate - Bernasconi & Robba, p. 215 (non p. 217 = Vaginella sanni-
cola sp. nov.).

1983  Vaginella depressa Daudin - Shibata, p. 66, 77, pl. 2, figs. 7a-b, 8a-b (spelling error on p.
66: deressa).

1983 Vaginella inflata Hayward - Shibata, p. 79.

1985 Vaginella depressa Daudin - Nakagawa & Takeyama, p. 34.

Description — Shell medium-sized, elongated triangular, uncoiled and bilaterally
symmetrical. Apex pointed, broken in all available nearly complete specimens. Trans-
verse section in the apical shell part elliptical, with the dorso-ventral diameter slightly
smaller than the shell-width. The largest diameter of the pre-apertural shell lies at
about half to two thirds of the shell height. A more or less accentuated constriction is
always present between the most inflated shell part and the aperture. In this part of the
shell a dorso-ventral flattening is present, which continues towards the aperture.

The embryonal shell is partly preserved in two apical shell fragments (PL. 8, figs.
7-8)). It is separated from the younger shell parts by a rather obvious constriction. Its
axis does not deviate from that of the post-larval shell.

Just above the embryonal shell two weak carinae develop, one on either side of
the shell. These carinae disappear gradually at about half the shell height. In the basal
part of the post-embryonal shell weak irregular wrinkles are present on these carinae.

The aperture occupies the entire anterior part of the shell and is slightly curved
in a straight frontal view. The size of the aperture may slightly exceed the width of the
pre-apertural shell or remain somewhat narrower. The dorsal labium is somewhat
higher than the ventral one. Both labiae bear two weak vertical folds, which lie closer
on the ventral side of the shell. They reach in apical direction for a short distance only.

The growth-lines are usually well-marked. On both sides of the shell they
describe a curve in apertural direction, somewhat stronger on the dorsal side than on
the ventral one. They meet on the lateral carinae in a v-shape.

Type material — The whereabouts of Daudin’s material is unknown to me. Type locality
is ’environs de Bordeaux’ (France, dept. Gironde). The stratigraphical origin is not
indicated in Daudin’s paper, which only states that the specimens were collected from
the interior of several fossil shells. Beyond any doubt the material originated from
sediments of Early Miocene (Aquitanian or Burdigalian) age.
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Lectotype designation of Vaginella eligmostoma Tate, 1887 — The only Vaginella species
described from the Australian continent is V. eligmostoma Tate. Its type-locality is
Muddy Creek near Hamilton, Otway Basin, Tyrendarra Embayment, Victoria,
Australia. The stratum typicum is ’lower beds, Muddy Creek’. According to Ludbrook
(1973, p. 252) this indication refers to what is now called the Muddy Creek Formation,
which is of Balcombian to Bairnsdalian age, so almost on the boundary between Early
and Middle Miocene.

Although stated to be ’very abundant in the lower beds at Muddy Creek’ (Tate,
1887, p. 195) only five specimens are present in the Tate collection. This sample has the
following label:

Name: Vaginella eligmostoma Tate Pl. XX fig. 7
Hab.: Eocene, Muddy Creek
T 236

None of the syntypes is entirely complete, in all specimens the embryonic shell-part is
missing and the apertural labiae are more or less damaged in all syntypes. These speci-
mens are illustrated here (P1. 7, figs. 8-12). Tate’s drawing is a fair representation of this
species, except for the fact that the apertural folds seem much too long, occupying
about half the shell length, which is incorrect. Also the constriction of the shell just
below the aperture is too strong. The outline of the aperture, given at the left side of the
main drawing, illustrates very well that on the dorsal side the apertural folds lie closer
together than on the ventral side.

An additional observation is the occurrence of weak wrinkles at both sides of the
basal post-embryonal shell, exactly the same as described for Vaginella austriaca and
V. depressa by Janssen (1985a).

The syntypes of V. eligmostoma agree fairly well with the original description and
measurements. The specimen most closely approaching the dimensions given by Tate
is chosen here as the lectotype (Pl. 7, fig. 8), the four other specimens are paralecto-
types. Measurements of the syntype series yielded the following data:

Table 5. Measurements (in mm) of the Vaginella eligmostoma Tate syntype series.

Locality H Wmi Wap T Plate 7

Muddy Creek 6.97 2.24 249 191 fig. 8 (lectotype)
6.71 232 249 191 fig.9
4.65 1.83 1.66 1.41 fig. 10
4.90 1.91 1.83 1.66 fig. 11
7.22 2,16 241 191 fig. 12

H = height, Wmi = width at mid-shell, Wap = width at aperture, T = thickness (dorso-ventral
diameter).

Material studied — Muddy Creek, Hamilton, Australia (Miocene, Balcombian to
Bairnsdalian) (in some of these samples the locality is indicated as ’Clifton Bank on
Muddy Creek’; the age indication frequently is ’Eocene’, in one case ’Oligocene,
Balcombian’): 5 specimens (lectotype and 4 paralectotypes of V. eligmostoma Tate; Pl.
7, figs. 8-12), SAM T 236, SAM P29789: 26 specimens (measured), 44 defective speci-
mens, WAM 79.742: 3 defective specimens, RGM 229 484; 1 apical fragment (PL. 8, fig.
7), 5 specimens (measured), 9 more or less defective specimens, RGM 229 475-476; 7
specimens (measured), 13 defective specimens, several fragments, from interior of
Harpa pulligera Tate, RGM 229 490; 1 fragment, from interior of Ancillaria pseudaus-
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tralis Tate, RGM 229 501; 4 defective specimens (incorrectly labelled "Muddy Creek,
Altona’), AMS C149.278; 9 specimens (measured), 7 defective specimens, RGM 229
483; 37 specimens (measured), 8 defective specimens, BM(NH) G. 60835-41.

Do., without any indication of the level: 1 specimen (PL. 8, fig. 1) (found together
with Vaginella victoriae), SAM P 29790; 4 specimens (P1. 8, figs. 2-5), 5 specimens, AMS
C143.929; 29 more or less defective specimens, AMS C143.929 (this sample also
contains 1/2 specimen of Limopsis sp.); 3 specimens (measured), 2 defective speci-
mens, RGM 229 468; 5 specimens (measured), 3 defective specimens, BM(NH) G.
9310.

Do., (Pliocene, Kalimnan, probably reworked): 3 specimens (measured), 2
defective specimens, RGM 229 502.

Do., (locality specified as Muddy Creek, Hamilton, SW below Clifton Home-
stead, in MacDonald’s Bank): 5 defective specimens, several fragments, AMS
C143.928; 17 specimens (measured), 54 defective specimens, several fragments, AMS
C149.281.

Red Bluff, Shelford, Australia (Miocene, Balcombian): ? 1 defective specimen,
RGM 229 467.

Altona Bay, Australia (Miocene, ?Balcombian): 1 apical fragment (P1. 8, fig. 8),
RGM 229 439.

Balcombe Bay, Mornington, Australia (Miocene, Balcombian): 1 specimen (Pl.
8, fig. 6), 1 defective specimen, RGM 229 456.

Fossil Beach, Mornington, Australia (Miocene, Balcombian): ? 4 more or less
defective specimens (one of these figured Pl. 8, fig. 9), NMV P116251; 1 fragment, from
interior of Eutrephoceras sp., RGM 229 464,

Discussion — Tate (1887) compared his V. eligmostoma with the European Early
Miocene species V. depressa ’Basterot’. Apparently he had no material for comparison
available and based his knowledge of the European species on literature sources (Rang
& Souleyet, 1852, p. 54, pl. 6, fig. 8). In this paper unfortunately Vaginella depressa was
incorrectly illustrated (sub nomine Cleodora vaginelia). Thus, Tate stated the main
difference between V. eligmostoma and V. depressa to be the absence of a ’sinuated
aperture’ in the latter species. This, however, is incorrect. Such apertural folds are
certainly present in the French species (compare Janssen, 1985a, figs. 13a-b). In fact,
the syntypes of V. eligmostomain all aspects, also in the ratios of the measurements, fall
within the wide range of variability of V. depressa in its present concept. It is concluded
that for the time being the name V. eligmostoma Tate, 1887 has to be considered a
junior synonym of V. depressa Daudin, 1800.

The wide variability of the Australian material, as already expressed (vide supra)
in the syntype sample of V. eligmostoma becomes very obvious when studying more
material. Several samples were available to me from the type locality Muddy Creek and
looking through this material gives the strong impression that a long and slender
species might be distinguished from a more thick-set type.

A more objective approach was pursued by measuring height and width of all
nearly complete specimens. As stated in the description not a single complete
specimen has its embryonic shell completely preserved and in most specimens the
apertural labiae are more or less damaged. In measurements of height and width these
features only influence the shell height, which obviously always had a higher value in
the undamaged shell. Of course the damage is not identical in all specimens, so in
some shells the deviation from the correct dimensions will be higher than in others.
Still the present material is all we have!

A severe disadvantage is that most samples from Muddy Creek have no indica-
tion of the level from which the material was collected. Some samples are stated to
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originate from the ’lower beds’ or the '"Muddy Creek Marl’. These are considered to be
of Miocene age (Balcombian to Bairnsdalian, although one sample is stated to be
Batesfordian in age!).

Three samples have been collected from the overlying Pliocene (Kalimnan)
deposits, the so-called *Grange Burn Coquina’. This, of course, would be extremely
interesting, as Pliocene Vaginella species are unknown up to now. The samples,
however, demonstrate only minor differences from the other V. ’eligmostoma’
material, whereas a number of further Vaginella specimens (three samples, one of
these labelled as having been collected ’just below base of upper bed’) is distinctly
different from the ’eligmostoma’ type (see Vaginella victoriae, below). Without having
collected at Muddy Creek personally and lacking sufficient knowledge of the local
circumstances I am inclined to suppose that the samples from the upper beds are either
incorrectly labelled or reworked, in the latter case probably inside larger gastropod
shells. Dr T. Darragh acknowledged that there is indeed a fair degree of reworking. For
the time being this unsatisfactory situation remains unsolved.

The measurements of the Muddy Creek Vaginella depressa samples are summa-
rized in tables 6 and 7.

A closer look at these results reveals that the five specimens in the lectotype
series of V. eligmostoma, together with five further shells in the BM(NH) collection,
represent a relatively slender form. The greater part of the samples, however, has a
higher mean value for the W/H-ratio, but there are considerable overlaps in the
ranges. A further sample from Muddy Creek (AMS C143.929, level unknown; not
measured, but four specimens from this lot are illustrated om PL1. 8, figs. 2-5) contains
even more elongate specimens. The measured *Pliocene’ sample of 17 specimens is on
the average as elongate as the AMS sample.

As the available material apparently originates from different levels we may be
dealing with a more or less strongly mixed population. Thus it might be possible that
we are in fact dealing with two taxa, mainly differing in the W/H-ratio and presumably
with unidentical vertical distributions. This can only be verified on samples with full
stratigraphical information.

Among the samples from other Australian localities the four specimens from
Fossil Beach, Mornington ("Balcombian’) and the unfortunately strongly damaged
specimen from Shelford have strikingly narrow apertures (much narrower than the
inflated shell part below the aperture) and the apertural folds on the dorsal side lie
almost as close as the ones on the ventral side (Pl. 8, fig. 9). It cannot be excluded that
this sample represents another taxon and therefore it has been mentioned in the list of
studied material above with a question mark. These specimens offer a certain resem-
blance in general shell form with the Late Oligocene European species Vaginella

Plate 10

Figs. 1, 3. Limacina atypica (Laws, 1944)
la-b: Pakaurangi Point, Kaipara Harbour (New Zealand); Miocene, Altonian, *Vaginella’ Bed?
Paratype, juvenile, RGM 229 735, x 50.
3a-b: Spring Creek near Torquay; ?Late Oligocene to Early Miocene, Janjukian-Longfordian.
Juvenile specimen, RGM 229 736, x 50.

Fig. 2. Limacina inflata (d’Orbigny, 1836)
Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation.
Near-adult specimen with well-developed ’rostrum’, fragile shell-wall broken above and below
rostrum, RGM 229 737, a: X 50; b: X 100.
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Table 6. Width/height measurements (in 0.1 mm) and W/H-ratios of Vaginella depressa samples
from Muddy Creek, Hamilton. Miocene samples and samples without level indication.

number of range range width/height mean coll.
specimens  of heights of widths X100-range ratio

37 44 - 59 18 - 24 32.48-46.67 39.3446 BM(NH)
3 4912- 60 19 - 2012 34.17-40.40 37.5233 RGM

5 47 - 5112 16 - 2012 32.00-43.62 37.4820 RGM

7 44 - 58 17 - 2012 29.31-41.84 37.4786 RGM
26 45 - 66 17 - 24 28.57-43.14 36.0973 WAM

9 47 - 58 18 - 2012 31.58-41.18 35.6600 RGM

5 4612- 72 1812- 23  29.86-39.78 349780 SAM")
5 53 - 67 1612- 21  31.13-37.04 34.6440 BM(NH)
97 44 - 72 16 - 23 28.57-46.67 37.3779

Standard deviation of W/H-ratio = 4.56.
*) Lectotype series of V. eligmostoma Tate.

Table 7. Width/height measurements (in 0.1 mm) and W/H-ratios of Vaginella depressa samples
from Muddy Creek, Hamilton. *Pliocene’ samples.

number of range range width/height mean coll.

specimens of heights of widths Xx100-range ratio

3 4712- 57 19 - 1912 33.33-40.00 36.7067 RGM
17 44 - 6212 16 - 1912 29.60-37.25 33.8282 AMS
20 44 - 6212 16 - 1912 29.60-40.00 34.2600

Standard deviation of W/H-ratio = 2.48.

chattica R. Janssen, 1979, in which, however, the dorsal folds are separated much more
than the ventral ones.

Populations from the Miocene of the Bordeaux area in southern France (type
area of V. depressa) equally demonstrate a considerable variability. Material from the
famous, but nowadays inaccessible locality Léognan is relatively thick-set, but has a
more conical base than the Muddy Creek specimens. At Léognan the apertural folds of
V. depressa are hardly visible, sometimes even virtually absent, and the pre-apertural
constriction is less marked, with the aperture consistently wider than the inflated shell
part. These forms differ markedly from the Australian type.

At yet another French Burdigalian locality more to the south in the Aquitaine
Basin, viz. Moulin-de-Cabanes at St. Paul-les-Dax (Landes department) the similarity
of the Vaginella’s to the Muddy Creek material is much better, and for instance the
type series of V. eligmostoma can certainly not be distinguished from this material at
specific level. Up to now no author has separated the Moulin-de-Cabanes material
from V. depressa.

It follows that also within the material from the Vaginella depressa type area
more than one taxon may be present, but all this material has up to now been referred
to as V. depressa. To settle this matter in a satisfactory way it will be necessary to
designate a neotype (assuming that the original types are lost, which is not necessarily
so) and to study carefully a large number of samples from the Aquitaine Basin. This
might result in a subdivision of Miocene Vagirella’s, both in France and in Australia!
But again, to realize such an ambitious project well-documented samples will be
indispensable.

Several authors, viz. Checchia-Rispoli (1921, p. 15), Sirna (1968, p. 424) and
d’Alessandro et al. (1979, p. 86) identified a Miocene southern Italian Vaginella species
from the Gargano Peninsula as V. depressa. D’Alessandro & Robba (1980, p. 623)
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disputed this identification of the Gargano species. They summarize the differences
between these two species as follows:

"Tuttavia questo taxon (= V. depressa) ha forma generale piu slanciata, con massima ampiezza della
sezione a meta della teleoconcha e non spostata adapicalmente come nel materiale esaminato; lo
spessore e I'indice di rigonfiamento sono minori. Inoltre ’aperture & lenticolare biconvessa e le
labbra non sono sinuose’.

So, here again V. depressa is erroneously considered to lack apertural folds. Yet I agree
with d’Alessandro & Robba that the Gargano species is different from V. depressa. This
isnot only indicated by the differences mentioned by these authors, but especially also
by the fact that the Italian species always has the aperture considerably less wide than
the maximal width of the shell. This difference was not mentioned by d’Alessandro &
Robba, but it is very obvious from their illustrations and from the biometric data given
in their table on p. 625. The RGM collection contains a fine sample of this Gargano
species, collected by colleague M. van den Bosch in 1970, at the same locality San
Nicola Varano from which the Italian authors described (parts of) their material.

Having rejected the identity of the Italian Vaginella species with V. depressa,
d’Alessandro & Robba continue:

’Secondo noi si ha invece una buona corrispondenza con tutti i caratteri di Vaginella eligmostoma
Tate di cui figuriamo, per confronto, due topotipi; ...".

The two illustrated topotypes do not entirely agree with the syntypes, especially
the shell figured on pl. 64, figs. 6a-c, which is considerably wider than the syntype
series. Both topotypes incidently have their aperture slightly narrower than the shell
width, but this is also the case in two of the five syntypes. With only such a restricted
material at hand it is, of course, not at all surprising to find specimens outranging the
variability of the type series.

From the above discussion it is clear that the name V. eligmostoma cannot be
applied to the Italian material, as it is considered to be a junior synonym of V. depressa.
There are several differences between Vaginella depressa and the species from the
South-Italian Miocene, for which therefore the name Vaginella sannicola sp. nov. is
introduced in this paper (see annex).

It is quite certain that the various Vaginella populations from Japan and New
Zealand (V. inflata), mentioned in the list of synonyms all belong to the same species
or group of species as the Muddy Creek material. A further subdivision of this latter
material (excluding Vaginella victoriaesp. nov. and V. bicarinata Tate, which are clearly
distinguishable from the V. depressa group) will also necessitate a revision of the other
populations.

Vaginella victoriae sp. nov.
PL 9, figs. 1-6.

Holotype — P1. 9, fig. 1; don. D. Curry, NMV P123409.

Type locality — Muddy Creek, Hamilton, Otway Basin, Tyrendarra Embayment, Victoria, Australia.
Stratum typicum — Muddy Creek Formation (Miocene, Balcombian to Bairnsdalian), see Ludbrook
(1973, p. 252).

Derivatio nominis — This new species is named after the state of Victoria, Australia, where the type
locality is situated.

Description — Shell medium-sized, elongated, almost cylindrical, uncoiled and bilat-
erally symmetrical. The H/W-ratio is quite variable. Apex pointed, broken in all
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available specimens. Transverse section in the apical shell part broadly elliptical to
almost circular, with the dorso-ventral diameter only very slightly smaller than the
shell width. The largest diameter of the pre-apertural shell lies at one-third to
one-fourth of the shell height. A very gradual constriction is always present between
the most inflated shell part and the aperture. In this part of the shell a dorso-ventral
flattening is present, which continues towards the aperture.

The embryonal shell is separated from the younger shell parts by an obvious
constriction. In just one specimen the larval shell is preserved for the greater part,
although the extreme apical part is missing. In this specimen the axis of the embryonal
shell deviates slightly from the axis of the adult shell, in such a way, that it seems
slightly tilted in ventral direction (Pl. 9, fig. 2f). Just above the embryonal shell two
weak carinae develop, one on either side of the shell. These carinae disappear
gradually at about half the shell height. In the basal part of the post-embryonal shell
weak irregular wrinkles are present on these carinae.

The aperture occupies the entire anterior part of the shell and is slightly curved
in a straight frontal view. The width of the aperture equals more or less the width of the
inflated pre-apertural shell part. Contrary to most other Vaginella species the dorsal
labium is somewhat less high than the ventral one. Both labiae bear two strong vertical
folds. Especially on the ventral side of the shell these folds are well-marked and lie
close together. In apical direction these folds demonstrate a clear divergence. On the
dorsal side the folds are somewhat less strong and they are more apart. The presence of
these folds results in a peculiar shape of the aperture in a straight anterior view.

The growth-lines are usually well-marked. On both sides of the shell they
describe a curve in apertural direction. They meet on the lateral carinae in a v-shape.

Material studied (all samples from the type locality) — Holotype, NMV P123409, 3
paratypes PL. 9, figs. 2-4, 4 paratypes, RGM 229 478-481; 2 paratypes (PL. 9, figs. 5-6), 2
defective paratypes, SAM T 235 (no level indicated for this sample); 16 defective
paratypes and several fragments, AMS C124.717. The locality of this latter sample is
indicated as: Muddy Creek, N. behind Yulecart Hall, in Muddy Creek Marl (Lower
Beds, just below base of Upper Beds, Lower Miocene, Batesfordian).

Discussion — The present material deviates so strongly from the Vaginella depressa-
group material from the same locality, that it is inevitable to consider it a separate
taxon. Only three samples are available. One of these gives some additional informa-
tion on the stratigraphic level. Apparently it was collected from the uppermost part of
the Miocene beds, just below the boundary with the overlying Kalimnan ’Grange
Burne Coquina’. As a form of Vaginella, belonging to the V. depressa-complex, is also

Plate 11

Figs. 1-2. Limacina tertiaria (Tate, 1887)

Muddy Creek, Hamilton; Miocene, Balcombian to Bairnsdalian, Muddy Creek Formation, from
interior of Ancillaria pseudaustralis Tate.

la-c: Adult specimen, RGM 229 738, X 50.

2: Juvenile specimen, RGM 229 739, x 50.

Fig. 3. Limacina curryi sp. nov.
Torquay, Bird Rock, Otway Basin; Oligocene, Janjukian, Torquay Group, Jan Juc Formation, Glycy-
meris Beds. Paratype, RGM 229 740, X 50.
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present above this boundary, it is not possible to consider V. victoriae a younger evolu-
tionary development of this complex. Should later be established that the Kalimnan
occurrences of Vaginella depressa s.lat. are reworked (as suggested above) than this
concept may have to be reconsidered. Again it is obvious that the information on the
Muddy Creek sequence and its planktonic mollusc fauna is painfully insufficient.

There is a considerable variability in the width/height ratios in this species, but
the least slender specimens can be distinguished from the most elongate representa-
tive of the V. depressa group, although they approach each other closely in the width/
height ratio, by the strongly developed apertural folds (especially obvious in an
apertural view), which show a distinct downward divergence, and by the fact that the
dorsal labrum remains slightly lower than the ventral one.

Several slender Vaginella species are known that should be compared with the
new Australian species. The species V. lapugyensis Kittl, 1886 (Miocene of western
Europe and of the Paratethys) has a regularly conical shell form, without an inflated
pre-apertural shell part and with a much more acuminate apical part and completely
differing apertural characteristics.

Vaginella rotundata Blanckenhorn, 1889 (described from the Upper Cretaceous
of northern Syria, but now considered to be Miocene) is based on insufficient material.
It was redescribed by Avnimelech (1945), who considered V. acutissima Audenino,
1897 a junior synonym. This species is related to V. lapugyensis, but differs by a
somewhat more inflated pre-apertural shell. From V. victoriae it differs by its conical
base and by the absence of labial folds.

Vaginella calandrellii Michelotti, 1847 (Mediterranean Miocene) has a conical
apical part and its sides become almost parallel in the younger shell parts. It has no
pre-apertural inflation and there are no folds at the apertural labiae.

3

Vaginella sp.
Pl 8, figs. 10-11.

Description — From two localities fragmentary Vaginella specimens are available that
cannot be considered to belong to one of the afore mentioned species.

At Altona Bay an apical shell part was found, still possessing its complete larval
shell (P1. 8, fig. 10). The fragment belonged to a specimen that already had passed shell
metamorphosis, as is distinctly indicated by the presence of wrinkles on the lateral
carinae. The apical angle of the post larval shell (measured in ventral view) is c. 25°, so
much less wide than in V. depressa or V. victoriae, and much wider than in V. bicarinata.
Furthermore the larval shell demonstrates a slight but distinct ventral inclination with

Plate 12

Fig. 1. Creseis cf. chierchiae (Boas, 1886)
Fossil Beach, Mornington, Balcombe Bay; Miocene, Balcombian, Fyansford Formation. Juvenile
specimen, RGM 229 741, a: X 70, b: X 180.

Fig. 2. Styliola subula (Quoy & Gaimard, 1828)
Balcombe Bay, Mornington; Miocene, Balcombian, Fyansford Formation, beds h- k. Juvenile
specimen, RGM 229 742, a: X 70, b: X 450.
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respect to the axis of the post-larval shell, which is only present in V. victoriae, but
absent in both V. depressa and V. bicarinata.

In the same sample from Altona Bay a further Vaginella fragment was present
(PL 8, fig. 8), which equally has its larval shell (partly) preserved. It has a wider apical
angle of the post-larval shell and the larval and post-larval shell parts are in line. This
second specimen is therefore considered to belong to the V. depressa-complex.

From Batesford a further apical shell fragment is available, in which however the
larval shell is missing (Pl. 8, fig. 11). Its characteristics match the first-mentioned
Altona Bay shell perfectly and the two specimens are certainly conspecific.

Material studied — Altona Bay, Australia (Miocene, ?Balcombian): 1 fragment (Pl. 8,
fig. 10), RGM 229 440.

Batesford, Australia (Miocene, Batesfordian to Bairnsdalian): 1 defective
specimen (Pl. 8, fig. 11), RGM 229 449,

Pteropods described by M.F. Buonaiuto

Dr Massimo F. Buonaiuto, a geologist from Italian origin, graduated for his Ph. D. in
June, 1979, on a thesis called: Late Eocene Mollusca and related composite species
from southern Australia (Buonaiuto [1979]). Only four copies of this paper exist, two of
which are in the library of the University of South Australia, Adelaide. One of these,
with registration number 09PH.B943.SR, was traced there on my request by Dr W.
Backhuys, who found it to be a typescript with photographical prints for the plates. He
was not allowed to xerox parts of the paper unless possessing a written permission of
the author. A further copy is in the library of the Istituto di Geologia e Paleontologia in
Milano, Italy. Here too an authorization of the author is necessary for consultation.
Finally one copy, of course, is present in Dr Buonaiuto’s private library, currently at
Coolbinia, W.A. Dr Buonaiuto kindly supplied me with copies of the relevant pages.

In this thesis two pteropod species were discussed, viz. Praehyalocylis annulata
(Tate, 1887) and, introduced as a new species, Bovicornu robbai.

Of the former species not less than 23 specimens were available, from the locali-
ties ’St. Vincent Basin, Adelaide Plains SubBasin, Adelaide (Kent Town) Bore;
Willunga SubBasin, Aldinga and Maslin Bays.’. The Adelaide (Kent Town) Bore speci-
mens no doubt are Tate’s syntypes, also studied in the present paper, in which a
specimen from the Aldinga locality is also mentioned. The Maslin Bay locality,
however, is new.

Plate 13

Fig. 1. Swyliola subula (Quoy & Gaimard, 1828)
Balcombe Bay, Mornington; Miocene, Balcombian, Fyansford Formation, beds h-k. Detail of adult
specimen, showing dorsal furrow and growth-lines, RGM 229 743, X 100.

Figs. 2-3. Spoelia torquayensis sp. nov., paratypes.

St. Etienne d’Orthe (France, Landes department), outcrop in Ruisseau de I’Eglise; Oligocene,
Chattian, Marnes de St. Etienne-d’Orthe.

2: Fragment of adult shell, showing growth-lines and radial microsculpture, RGM 229 744, X 200.
3: Juvenile specimen, apex and aperture damaged (lateral view), RGM 229 745, X 60.
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’Bovicornu robbai’ is discussed in the systematic part above, sub nomine ?Clio sp.
The type specimen, unfortunately, seems to be missing. The protoconch, illustrated in
Buonaiuto’s fig. 486, seems to be equal-sized and very similar in shape as the one
described above, but in Buonaiuto’s specimen the apex is pointed and there seems to
be a more distinct boundary between the protoconch and the teleoconch. These differ-
ences, on the other hand, could very well be the result of the unfavourable preserva-
tion of the Aldinga specimens. As both occur in the same deposits, at both known
localities associated with the pteropod Praehyalocylis annulata (Tate) the probability is
very large that the two samples represent the same species indeed.

In an earlier, equally unpublished report (Buonaiuto [1978]) some further
pteropod species are mentioned, without descriptions or illustrations. In this report
Buonaiuto discussed molluscan assemblages from the Late Eocene of the Padthaway
Ridge in the Murray Basin. Limacina sp. nov. B is mentioned from the so-called II
Spirocolpus Horizon. From the Lower Port Willunga Formation the same species and
"Praehylocylis’sp. nov. were recorded, and supposed to be *closely related, yet different
at species level’ from Limacina sp. nov. A and Praehyalocylis ‘annulta’ (Tate), known
from the Blanche Point Formation *under the Adelaide city’ and in the Willinga Sub-
basin. Two Limacina acmes are mentioned for the Buccleuch Beds ’A’.

From these data it is obvious that the SW Australian Eocene deposits contain
more pteropod species, no material of which has been available to me for the present
paper. Unfortunately, the specimens seem to be missing, just like the ones mentioned
in Buonaiuto’s thesis. It would be highly intriguing to study this additional material as
soon as it will be available again!

Biostratigraphy of Australian pteropods and potential tools for
long distance correlations

In the present paper the occurrence of 18 pteropod species could be established
in the Australian Cainozoic. Five of them are new to science, several others could only
provisionally be identified. If we compare these numbers for instance with the
pteropod record of the North Sea Basin (more than 60 species known from the same
time interval) it may be concluded that the pteropod fossil record of southern Australia
is still (very?) incompletely known. It may be expected that further research will reveal
several more pteropod species.

The 18 species recognised in this paper originate from six different stratigraphic
levels (see Fig. 3). On the basis of benthic molluscs Darragh (1985) subdivided the
Cainozoic deposits in a number of assemblages. The pteropod distributions, as far as
they can be reconstructed from the frequently insufficient stratigraphic information
accompanying the samples, can be compared with Darragh’s zonation, but they do not
offer possibilities for a refinement.

From Darragh’s Assemblage IV, of Aldingan age, two pteropod species are
known, viz. Praehyalocylis annulata and ?Clio sp. The former is also known from New
Zealand, the NE Pacific (Oregon and Washington, U.S.A_, identified as P. cretacea)
and, as P. chivensis Korobkov & Makarova, from Uzbekistan, U.S.S.R., in the Parate-
thys area. Occurrences of the same or closely related species in the North Sea Basin
need further research. This distribution pattern obviously offers useful possibilities for
long distance correlation.

Only one species, Limacina ? dilatata, is known from the younger Aldingan
Assemblage V. What seems to be the same species is also known from New Zealand. In
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Fig. 3. Biostratigraphy of SE Australian Euthecosomata. Absolute ages and chronostratigraphical
subdivision based on Abele (1988); they deviate at several places from the most recent data, as given
by Cowie & Bassett (1989). Darragh’s (1985) subdivision in benthic mollusc assemblages had to be
modified slightly because of the newer chronostratigraphy.

the North Sea Basin L. dilatata is known from deposits of a similar age (Latdorfian, see
Janssen, 1989, p. 95).

Assemblages VII and/or VIII are well-characterised by the occurrence of at least
five, may be six species. Among them Limacina atypica offers possibilities for correla-
tions with New Zealand deposits, whereas Spoelia torquayensis supplies a magnificent
first order correlation with the southern Aquitaine Basin in France. Vaginella ? bicari-
nata seems to be identical with V. bicarinata in the Miocene Assemblages XI/XIII.

Just one species, Limacina aff. gramensis, was found in the Longfordian Assem-
blage IX. This taxon, also present in Assemblages XI/XIII, resembles closely a Late
Miocene North Sea Basin species, where it is supposed to evolve from the Chattian to
Middle Miocene Limacina valvatina (Reuss). As the vertical ranges of L. gramensis and
L. aff. gramensis differ in Europe and Australia and as ancestral species resembling L.
valvatina are as yet unknown from Australia it is unlikely that the material from both
occurrences represents the same species. Further study and more material will be
necessary to clarify the real identity of the Australian material.

In the Assemblages X or XI to XIII the richest pteropod association is found,
comprising ten species. Among them two, may be three species, are also known from
the Recent pteropod fauna, viz. Limacina inflata, Creseis cf. chierchiae and Styliola
subula. The Australian material yielded the first certain Miocene occurrence of L.
inflata, which elsewhere was only known with certainty from Pliocene and younger
deposits. An ancestral species of the more common species Limacina tertiaria is known
from New Zealand (L. ferax). The also very common taxon Vaginella depressa has a
very wide distribution, including parts of the Indo-Pacific, the Caribbean and Europe.
It may be, however, that in fact more than one species is assigned to this taxon, and
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therefore further study is indispensible before V. depressa can be applied successfully
for the correlation of remote areas. There also is an age discrepancy between the
European and Australian occurrences of V. depressa. In Europe the species is restricted
to the Aquitanian and Burdigalian, the Australian populations are of Balcombian to
Bairnsdalian age, which correlates with Late Burdigalian to Serravallian.

Two pteropod species were encountered in the Pliocene (Kalimnan) Assem-
blage XVI. One of these, Vaginella depressa, agrees completely with part of the
material from Assemblages XI/XIII and is therefore believed to be reworked or misla-
belled. The same might be true for the second species, Styliola subula, although its
known vertical distribution (Middle Miocene to Recent) does not exclude its occur-
rence in the Pliocene.

Summarizing, it may be concluded that the Australian Cainozoic pteropod
record, although apparently still incomplete, can succesfully be applied for the charac-
terization and regional correlation of southern Australian Tertiary deposits. These
possibilities can be strongly improved by collecting detailed information on the
vertical distribution of the various taxa. Tools for interregional and long-distance
correlation are present, but here too accurate conclusions are hampered by insufficient
knowledge on the upper and lower boundaries of the vertical ranges of the Australian
species.

In Table 8 all Australian pteropod material studied in this paper is specified per
locality, giving full geographical and stratigraphical details, together with the number
of specimens per sample and their registration numbers (if any).

Table 8. Specification of Australian pteropod species per locality.

Adelaide, South Australia; Adelaide borehole (= Kent Town bore), northeast Parklands, depth

45-66.4 m according to Ludbrook, 1973 (Late Eocene, Aldingan, *glauconitic clayey sands’ = Blanche

Point Banded Marls and equivalents of the Blanche Point Transitional Marls and Tortachilla Limes-

tone, see Lindsay, 1969). Sample collected by R. Tate, 1882.

Praehyalocylis annulata 4 more or less defective specimens SAM T 214 and
(lecto- and paralectotypes) P29779-80

Aldinga Bay, Willunga Embayment, St. Vincent Basin, South Australia (Late Eocene, Aldingan,
Blanche Point Formation, Gull Rock Member, clay with "Turritella’ aldingae Tate, or ’lower marl’).
Samples collected by R. Tate (coll. SAM) and D. Curry (donated to coll. RGM)

Praehyalocylis annulata 2 def. specimens (paralectotypes) SAM T 214
1 def. specimen RGM 229 410
?Clio sp. 2 def. specimens RGM 229 411-412

NW of Cape Otway, N of Pt. Flinders, South Victoria, Australia, in slipping, low seacliff (Late Eocene
or Early Oligocene, Glen Aire Clay Formation). Sample collected by W.F. Ponder, T.A. Darragh and
E.K. Yoo, 10 March 1977.

Limacina ? dilatata 1 defective specimen AMS C149.279

Spring Creek near Torquay, Victoria, Australia (probably Late Oligocene to Early Miocene,
Janjukian-Longfordian, Jan Juc Formation or overlying Puebla Formation). Sample donated by Mr
D. Curry. Dr T.A. Darragh (in litt., 7.4.1989) noted that ’Spring Creek’ is an old name for the Torquay
District. It embraces all the 'modern’ localities for the following formations: Point Addis Limestone,
Jan Juc Formation, Puebla Formation, Zeally Limestone, ranging in age from Late Oligocene to
Middle Miocene).

Limacina atypica 39 specimens and some fragments RGM 229 413-415
Limacina curryi 4 juvenile specimens (paratypes) RGM 229 416
ISwliola sp. 4 fragments (= ?1 def. specimen) RGM 229 417
Spoelia torquayensis 1 juv. specimen (paratype) RGM 229 418

Torquay, Bird Rock, Otway Basin, Victoria, Australia (Oligocene, Janjukian, Torquay Group, Jan Juc
Formation, Glycymeris Beds). Sample collected by D. Curry (donated to coll. RGM).
Limacina curryi 1 specimen (holotype) NMYV P123405

62 specimens (paratypes) RGM 229 420-422
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Limacina lunata 1 specimen (holotype) NMYV P123406

7 juv. specimens (paratypes) RGM 229 424-426
Spoelia torquayensis 1 specimen (holotype) NMYV P123408

2 specimens (paratypes) RGM 229 428-429

Torquay, Bird Rock, Otway Basin, Victoria, Australia (Oligocene, Janjukian, Torquay Group, Jan Juc
Formation, Ancilla Clays). Sample collected by D. Curry (donated to coll. RGM).
Limacina curryi 2 specimens (paratypes) RGM 229 430

Torquay, Fishermans Steps, Otway Basin, Victoria, Australia (?0ligocene, ?Janjukian, ’lowest
beds’). Sample collected by D. Curry (donated to coll. RGM). [Mr Curry, who sampled this locality
personally, indicated the level as "lowest beds’, referring to the local outcrop. According to Abele, in
Douglas & Ferguson, 1988: 308) the lowermost beds at Fishermans Steps belong to the upper part of
the Jac Juc Formation s.str. Dr T.A. Darragh, however, presumes that the shell might as well have
been collected from the Puebla Formation. In this latter case the specimen would be of Early
Miocene (Longfordian) age].

Vaginella bicarinata 21 def. juv. specimen RGM 229 431

South side of Lake Costin, landslip at grid reference 363163, Victoria, Australia (Miocene, ?Longfor-
dian, Fishing Point Marl). Sample collected by D.C. Long, June 12, 1972 (donated in coll. RGM)
Limacina aff. gramensis 1 juvenile specimen RGM 229 432

Altona Bay, SW of Newport near Melbourne on Port Phillip Bay, Victoria, Australia (Miocene,
?Balcombian, see Singleton, 1941, p. 16, map 2; Fyansford Formation). Sample donated by D. Curry.
According to Dr T.A. Darragh this material was collected on the spoil heap of a shaft dug for coal. Itis
therefore possible that younger material is present.

Limacina aff. gramensis 4 juv. specimens RGM 229 433-436
Limacina inflata 40 juv. specimens RGM 229 437
Swyliola subula 8 juv. specimens RGM 229 438
Vaginella depressa ?1 fragment RGM 229 439
Vaginella sp. 1 def. specimen RGM 229 440

Batesford, new quarry, Victoria, Australia (Miocene, Batesfordian to Bairnsdalian, grey clays, see
Singleton, 1941, p. 31, line 39; Fyansford Formation). Sample collected by D. Curry (donated to coll.
RGM).

Limacina aff. gramensis 1 and 2 juv. specimens RGM 229 441-442
Limacina tertiaria 47 specimens RGM 229 443
Creseis cf. chierchiae 3 def. specimens RGM 229 444-446
Styliola subula 53 specimens RGM 229 447-448
Vaginella sp. 1 def. specimen RGM 229 449

Schnapper Point, Balcombe Bay, Mornington, Victoria, Australia (Miocene, Balcombian to Bairns-
dalian, ’blue clays’). Sample collected by R. Tate (?). According to Dr T.A. Darragh this material
could also have been collected at localities North of Balcombe Bay.

Limacina tertiaria 4 and 1 juv. specimens (paralectotypes) SAM T 238/5-6

Schnapper Point, Balcombe Bay, Mornington, Victoria, Australia (level not indicated, but presum-
ably Miocene, Balcombian). Sample collected by R. Tate (?). According to Dr T.A. Darragh this
material could also have been collected at localities North of Balcombe Bay.

Swliola subula 2 specimens (paralectotypes of S. rangiana) SAM T 238/5-6

Balcombe Bay, Mornington, Victoria, Australia (Miocene, Balcombian, beds h-k, see Singleton,
1941, p. 27; Fyansford Formation) (stated by Mr D. Curry, in litt., 1988, to be the same locality as the
next one). Sample collected by D. Curry (donated to coll. RGM).

Limacina aff. gramensis 1 juv. specimen RGM 229 450
Limacina tertiaria 36 specimens RGM 229 451
Creseis cf. chierchiae 3 specimens, 3 fragments RGM 229 452-454
Styliola subula 4 specimens BM(NH) G 74.541
115 specimens RGM 229 455
Vaginella depressa 1 and 1 def. specimens RGM 229 456

Fossil Beach, Balcombe Bay, Mornington, Victoria, Australia (Miocene, Balcombian, Fyansford
Formation). Sample collected by D.C. Long, 1970-1971 (donated to coll. NMV and RGM).

Limacina tertiaria 16 specimens NMV P 116253
1 def. specimen RGM 229 457

Creseis cf. chierchiae 2 juv. specimens RGM 229 458

Swyliola subula 151 + def. specimens NMV P 116252

102 + def. specimens RGM 229 459-460
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Vaginella depressa 74 + def. specimens NMV P 116251

Fossil Beach, Balcombe Bay, Mornington, Victoria, Australia (Miocene, Balcombian, Fyansford
Formation). Sample collected by D.C. Long, 1970-1971, from interior of Eutrephoceras sp. (donated
to coll. RGM).

Limacina tertiaria 1 specimen RGM 229 461
Creseis cf. chierchiae 13 juvenile specimens RGM 229 462
Styliola subula 438 specimens RGM 229 463
Vaginella depressa 1 fragm. RGM 229 464

Fossil Beach, Balcombe Bay, Mornington, Victoria, Australia, 38°15> S, 145°02’ E, Cranbourne
072 845 (Miocene, Balcombian, Fyansford Formation). Sample collected by P. Rodda.
Styliola subula 1 + def. specimen AMS C149.276

Fossil Beach (?), Balcombe Bay, Mornington, Victoria, Australia (just indicated ’Mornington, Port
Phillip Bay’) (Miocene, Balcombian, Fyansford Formation). Sample collected by T.S. Hall, 1900.
Styliola subula 8 + def. specimens AMS C149.277

1 specimen BM(NH) not reg.

Red Bluff, Shelford, Shelford-Inverleigh road, grid reference Beeac 064066, FL 69, Victoria, Australia
(Miocene, Balcombian, Fyansford Formation). Samples collected by D.C. Long, 23 January 1972
(coll. NMV) and 20 May 1972 (coll. RGM).

Limacina tertiaria 4 specimens NMV P116254

S specimens RGM 229 465
Styliola subula 4 specimens RGM 229 466
Vaginella depressa ?1 def. specimen RGM 229 467

Muddy Creek, Hamilton, Victoria, Australia (without indication of level). Samples collected by (?) R.
Tate (coll. SAM), Mr Bailey (coll. AMS) and C.R. Laws (donated by D. Curry to coll. RGM) and
unknown [BM(NH) G 9310].

Limacina tertiaria 1 specimen AMS C143.929
Styliola subula 4 specimens (lecto- and paralectotypes of

S. rangiana Tate) SAM T 238/1-4

1 specimen (paralectotype, found in

vial of V. bicarinata) SAM P29781

2 specimens AMS C143.929
Vaginelia bicarinata 1 def. specimen (holotype) SAM T 237
Vaginella depressa 1 specimen SAM P29790

9 + 29 + def. specimens AMS C143.929

3 and 2 def. specimens RGM 229 468

5 and 3 def. specimens BM(NH) G 9310
Vaginella victoriae 2 and 2 def. specimens (paratypes) SAM T 235

Muddy Creek, Hamilton, Victoria, Australia (Miocene, Balcombian to Bairnsdalian, Muddy Creek
Formation; see Ludbrook, 1973, p. 252). Samples collected by (?) R. Tate.

Limacina inflata 1 juv. specimen (syntype of L. tertiaria) SAM P29787

Limacina tertiaria 8 specimens (lecto- and SAM T 239 and
paralectotypes) P29782-4

Vaginella depressa 5 specimens (lectotype and SAM T 236 and
paralectotypes of V. eligmostoma) P29789

Muddy Creek, Hamilton, Victoria, Australia (Miocene, Balcombian to Bairnsdalian, Muddy Creek
Formation; see Ludbrook, 1973, p. 252). Samples collected by D.C. Long, 29 May 1971 (coll. NMV)
and undated (RGM 229 483), G.W. Kendrick, 24 February 1978 (coll. WAM), Mrs L.C. Schekkerman
(RGM 229 484), E.O. Teale [BM(NH) G 60835-41) and unknown [BM(NH) G 9306 and G 9308, and
coll. AMS].

Limacina inflata 1 specimen NMYV P122061
Limacina tertiaria 54 specimens NMV P116255

9 and 72 juv. specimens BM(NH) G 9308
Swliola subula 2 specimens BM(NH) G 9306
Vaginella depressa 26 and 44 def. specimens WAM 79.742

3 def. specimens RGM 229.484

4 def. specimens AMS C149.278

9 and 7 def. specimens RGM 229.483

37 and 8 def. specimens BM(NH) G60835-41

Muddy Creek, Hamilton, Victoria, Australia (Miocene, Balcombian to Bairnsdalian, Muddy Creek
Formation; see Ludbrook, 1973, p. 252). Samples collected by C.R. Laws (donated by D. Curry, RGM
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229 482), and donated by D. Curry (other samples in coll. RGM).

Limacina aff. gramensis 1 and 8 juv. specimens RGM 229 469-470
Limacina inflata 44 specimens RGM 229 471
Limacina tertiaria 55 specimens RGM 229 472

5 specimens RGM 229 482
Styliola subula 19 specimens RGM 229 473
Vaginella bicarinata 1 def. specimen RGM 229 474
Vaginella depressa 5 and 10 def. specimens, 3 fragments RGM 229 475-476
Vaginella victoriae 1 specimen (holotype) NMYV P123409

7 specimens (paratypes) RGM 229 478-481

Muddy Creek, Hamilton, Victoria, Australia (Miocene, Balcombian to Bairnsdalian, Muddy Creek
Formation; see Ludbrook, 1973, p. 252). Samples collected from interior of Harpa pulligera (donated
by D. Curry to coll. RGM).

Limacina inflata 4 specimens RGM 229 485
Limacina tertiaria 29 specimens RGM 229 486-487
Swyliola subula 7 specimens RGM 229 488-489
Vaginella depressa 7 and 13 def. specimens, several fragments RGM 229 490

Muddy Creek, Hamilton, Victoria, Australia (Miocene, Balcombian to Bairnsdalian, Muddy Creek
Formation; see Ludbrook, 1973, p. 252). Samples collected from interior of Ancillaria pseudaustralis
(donated by D. Curry to coll. RGM).

Limacina inflata 19 specimens RGM 229 491-494
Limacina tatei 1 specimen (holotype) NMV P123407

1 specimen (paratype) RGM 229 496
Limacina tertiaria 39, 23 juv. specimens RGM 229 497-499
Styliola subula 2 specimens RGM 229 500
Vaginella depressa 1 fragment RGM 229 501

Muddy Creek, Hamilton, Victoria, Australia (locality indicated as: Clifton Bank; Miocene, Balcom-
bian to Bairnsdalian, Muddy Creek Formation; see Ludbrook, 1973, p. 252). Sample collected by
D.C. Long, 29 May 1971.

Styliola subula 12 specimens NMYV P116250

Muddy Creek, Hamilton, Victoria, Australia (locality specified as Muddy Creek, North behind
Yulecart Hall, Muddy Creek Formation, Lower Beds, just below base of Upper Beds, Lower
Miocene, ’Batesfordian’). Sample collected by W.F. Ponder and E.K. Yoo, 3 March 1977.
Vaginella victoriae 16 def. specimens, several fragments (paratypes) AMS C124.717

Muddy Creek, Hamilton, Victoria, Australia (Pliocene, Kalimnan, Grange Burn Coquina, but
probably reworked from Muddy Creek Formation, or mislabelled). Sample collected by Mrs L.C.
Schekkerman.

Vaginella depressa 3 specimens RGM 229 502

Muddy Creek, Hamilton, Victoria, Australia (locality specified as Muddy Creek, Hamilton, Victoria,
SW below Clifton Homestead, in MacDonald’s Bank; Pliocene, Kalimnan, Grange Burn Coquina,
but probably reworked from Muddy Creek Formation or mislabelled). Sample collected by W.F.
Ponder and E.K. Yoo, 4 March 1977.

Swyliola subula 1 specimen AMS C149.280
Vaginella depressa 5 def. specimens, several fragments AMS C143.928
17 and 54 def. specimens AMS C149.281

Annex: Description of Vaginella sannicola sp. nov. from the
Miocene of Gargano, Italy

Vaginella sannicola sp. nov.
Pl 9, figs. 7-9.
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1921 Vaginella depressa Daudin - Checchia-Rispoli, p. 15, fig. 6 (non Daudin).

1968 Vaginella depressa Daudin, 1800 - Sirna, p. 424, fig. 12a-b (non Daudin; excl. syn.).

1979 Vaginella aff. depressa Daudin, 1800 - d’Alessandro et al., p. 86, figs. 23-24.

1980 Vaginella eligmostoma Tate - d’Alessandro & Robba, p. 623, pl. 63, figs. 4-5, pl. 64, figs.
1-5 (non figs. 6-7 = V. depressa Daudin), pl. 65, figs. 1-3 (non Tate).

1982 Vaginella eligmostoma Tate - Bernasconi & Robba, p. 217 (non p. 215 = Vaginella
depressa Daudin) (non Tate).

Holotype — Plate 9, fig. 7, RGM 229 540.

Type locality — San Nicola Varano (ltaly, Puglia, Gargano), abandoned limestone quarry.
Stratum typicum —Miocene, Late Serravallian to Late Tortonian, Lago di Varano Formation. D’Ales-
sandro & Robba (1980) suppose on the basis of planktonic foraminifers that the pteropods from this
locality are reworked from deposits of Late Langhian to Early Serravallian age.

Derivatio nominis — This new species is named after its type locality.

Description — For a general description the reader is referred to d’Alessandro & Robba
(1980, p. 623). All available material is preserved in the form of phosphatic internal
moulds on which the embryonal shell parts and the apertural margins are missing.
Vaginella sannicola resembles V. depressa closely, inclusive of the wide variability in
the H/W ratio (see measurements in d’Alessandro & Robba, 1980), but it is strikingly
small (height 3-4 mm). A further important difference is the width of the aperture,
which is consistantly smaller than the diameter of the inflated shell-part. The dorsal
apertural folds are less widely separated than in V. depressa.

Material studied — San Nicola Varano (Italy, Puglia, Gargano), abandoned limestone
quarry (Miocene, Late Serravallian to Late Tortonian, but possibly reworked from
sediments of Late Langhian to Early Serravallian age): holotype and 2 paratypes (P1. 9,
figs. 7-9), 185 paratypes (all specimens preserved as phosphatic internal moulds), leg.
M. van den Bosch, 1970, RGM 229 540-543.

Melpignano (Italy, Puglia) (Miocene, Late Serravallian, Calcareniti di Andrano
"Pietra Leccese’, possibly reworked from Late Langhian to Early Serravallian
sediments): 4 paratypes (phosphatic internal moulds), don. E. Robba, June 1984, RGM
229 545.

Malta (Miocene, undetermined horizon, possibly Globigerina limestone): 2
paratypes, don. E. Robba, June 1984, RGM 229 544.

Discussion — The present species was identified (see list of synonyms above) with
Tate’s Australian species V. eligmostoma. In the present paper it is concluded, that at
least the type specimen of V. eligmostoma cannot be separated from V. depressa. As
there are consistant differences between the Italian Vaginella and V. depressa it must
be concluded that the former is a new species.

V. sannicola is found, in several Italian localities, in a quite rich association of
pteropod species. The age indicated by this assemblage is not conform the age
indicated by the planktonic Foraminifera (see details in d’Alessandro & Robba, 1980),
and therefore the pteropods were supposed to be reworked after phosphatization. This
conclusion, however, is not supported by the state of preservation of the material,
which does not show any sign of transport. Furthermore the pteropod specimens were
not collected in a basal conglomerate nor was there a sedimentary structure indicative
of redeposition. I wonder if any other explanation of the supposed discrepancy in age
might be possible. The very common occurrence of the species Vaginella austriaca in
the Italian material strongly suggests an ultimate Burdigalian to Langhian age, which is
supported by the presence of the benthic gastropod Eudolium sp. in the San Nicola
Varano locality (RGM collection). It might be useful to make a new approach in this
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problem by consulting a further fossil group, as e.g. the nannoplankton of dinoflagel-
lates.

References

Adams, H., & A. Adams, 1853-1858. The genera of recent Mollusca; arrenged according to their
organisation, 1-2. — Van Voorst, London, 1: 1-256, pls 1-32 (1853); 257-484, pls 33-60 (1854); 2:
1-92, pls 61-72 (1854); 93-284, pls 73-96 (1855); 285-412, pls 97-112 (1856); 413-540, pls 113-128
(1857); 541-661, pls 129-138 (1858).

Alessandro, A. d’, A. Laviano, G. Ricchetti & A. Sardella, 1979. Il Neogene del Monte Gargano. —
Boll. Soc. Paleont. Ital., 18, 1: 9-116, pls 1-19.

Alessandro, A. d’, & E. Robba, 1980. Pteropodi neogenici della Puglia (Italia meridionale). — Riv. Ital.
Paleont. Strat., 86, 3: 605-698, 7 pls.

Avnimelech, M., 1936. Uber Pteropoden von Syrien und Paldstina. — Eclogae geol. Helv., 29, 1:
209-211.

Avnimelech, M., 1945. Revision of fossil Pteropoda from southern Anatolia, Syria and Palestine. —
Jour. Paleont., 19, 6: 637-647.

Bé, A W., & R.W. Gilmer, 1977. A zoogeographic and taxonomic review of euthecosomatous Ptero-
poda. In: A.T.S. Ramsay (ed.). Oceanic micropaleontology, 1. — Academic Press, London:
733-808, 10 pls.

Bellini, R., 1905. Les ptéropodes des terrains tertiaires et quaternaires d’Italie. — Ann. Soc. r. zool.
malac. Belgique, 40: 23-45.

Bernasconi, M.P., & E. Robba, 1982. The thecosomatous pteropods: a contribution toward the
Cenozoic Tethyan paleobiogeography. — Boll. Soc. Paleont. Ital., 21, 2-3: 211-222.

Beu, A.G., & P.A. Maxwell, 1982. Mollusca. In: R.H. Hoskins (ed.) Stages of the New Zealand marine
Cenozoic: a synopsis. — Report New Zealand Geol. Surv., 107: 33-44.

Blainville, H.M. Ducrotay de, 1825-1827. Manuel de malacologie et de conchyliologie; contenant: 1¢
Une histoire abrégée de cette partie de la zoologie; des considérations générales sur
I’anatomie, la physiologie et I’histoire naturelle des malacozoaires, avec un catalogue des
principaux auteurs qui s’en sont occupés. 2¢ Des principes de conchyliologie, avec une histoire
abrégée de cet art et un catalogue raisonné des auteurs principaux qui en traitent. 3¢ Un
systéme général de malacologie tiré a la fois de I’animal et de sa coquille, dans une dépen-
dance réciproque, avec la figure d’une espéce de chaque genre. — F.G. Levrault, Paris: I-VIII,
1-648 (1825); 649-664 Nouvelles additions et corrections au genera (1827), 109 pls (atlas 1827).

Blanckenhorn, M., 1889. Pteropodenreste aus der Oberen Kreide Nord-Syriens und aus dem hessi-
schen Oligocdn. — Z. d. geol. Gesellsch., 61, 4: 593- 602, pl. 22.

Boas, J.E.V., 1886a. Spolia atlantica. Bidrag til Pteropodernes. Morfologi og Systematik samt til
Kundskaben om deres geografiske Udbredelse. — Vidensk. Selsk. Skr., 6 (naturvidensk.
mathem.), 4, 1: 1-231, pls 1-8.

Boas, J.E.V. 1886b. Zur Systematik und Biologie der Pteropoden. — Zool. Jahrb., 1,2: 311-340, pl. 8.

Buccheri, G., R. Catalano & B. Heezen, 1980. Pleistocene pteropod limestones dredged from the East
Yucatan Scarp. — Palaeogeogr., Palaeoclimatol., Palaeoecol., 30: 97-105, 1 pl.

Buonaiuto, M.F., [1978]. Late Eocene Mollusca assemblages from the Padthaway Ridge (Murray
Basin).— Department Mines, Eastwood, South Australia, unpublished draft of internal report:
1-21.

Buonaiuto, M.F., [1979]. Late Eocene Mollusca and related composite species from southern
Australia. — Univ. Adelaide, Ph. D. thesis: 1-425, 45 pls.

Chapman, F., 1914. Australasian fossils. A student’s manual of palacontology. — Robertson & Co.,
Melbourne etc.: 1-341.

Chase Jr, F.A., 1940. The Atlantis expeditions to the West Indies in 1938 and 1939, under the joint
auspices of the University of Havana and Harvard University. List of stations. — Contr. Woods
Hole Oceanogr. Inst., 274: 1-8, 2 maps.

Checchia-Rispoli, G., 1921. I pteropodi del Miocene garganico. — Boll. R. Com. Geol. Ital., 48,2: 1-28,
1 pl.

Chen, C., & A.W.H. Bé, 1964. Seasonal distribution of euthecosomatous pteropods in the surface
waters of five stations in the western North Atlantic. — Bull. Mar. Sci. Gulf and Carib., 14, 2:
185-220.

71



72

Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

Clarke, E., 1905. The fossils of the Waitemata and Papakura Series. — Trans. N.Z. Inst., 37: 413-421,
pl. 32.

Collins, R.L., 1934. A monograph of the American Tertiary pteropod mollusks. — Johns Hopkins
Univ. Stud. Geol., 11: 137-234, pls 7-14.

Cooper, B.J., 1979. Eocene to Miocene stratigraphy of the Willunga Embayment, with an appendix:
Notes on Ostracoda from Willunga Embayment boreholes WLG38, WLG40 and WLG42 by
K.G. McKenzie. — Dept. Mines & Energy, Geol. Surv. Australia, Rep. Invest., 50: 1-101, 23 pls.

Cossmann, M., 1892. Catalogue illustré des coquilles fossiles de PEocéne des environs de Paris
faisant suite aux travaux paléontologiques de G.-P. Deshayes, 5 et supplément. — Ann. Soc. 1.
malac. Belgique, 26: 7-166, pls 1-3.

Cowie, JW., & M.G. Bassett, 1989. International Union of Geological Sciences 1989 global strati-
graphic chart. — Episodes, 12, 2 (supplement).

Curry, D., 1965. The English Paleogene pteropods. — Proc. malac. Soc. London, 36: 357-371, 1 pl.

Curry, D., 1981. Ptéropodes éocénes de la tuilerie de Gan (Pyrénées-Atlantiques) et de quelques
autres localités de la France. — Cah. Micropaléont., 4: 35-44, 1 pl.

Dall, W.H., 1893. Contributions to the Tertiary fauna of Florida, with especial reference to the
Miocene silex-beds of Tampa and the Pliocene beds of the Caloosehatchie River, 2. Strepto-
dont and other gastropods, concluded. — Trans. Wagner Free Inst. Sc. Philadelphia, 3, 2
(1892): 201- 473, pls 13-22, 1 map.

Darragh, T.A., 1970. Catalogue of Australian Tertiary Mollusca (except chitons). — Mem. natl. Mus.
Victoria, 31: 125-212.

Darragh, T.A., 1985. Molluscan biogeography and biostratigraphy of the Tertiary of southeastern
Australia. — Alcheringa, 9: 83-116.

Daudin, [F.M.], 1800 (an 9 de la République). Nouveau genre de ver a tube calcaire, voisin des
serpules et des dentales. — Bull. Sc. Soc. Philom., 2, 4: 145, pl. 11.

Dennant, J., & A.E. Kitson, 1903. Catalogue of the described species of fossils (except Bryozoa and
Foraminifera) in the Cenozoic fauna of Victoria, South Australia, and Tasmania (with locality
plan). — Rec. Geol. Surv. Victoria, 1, 2: 89-147, 1 map.

Deshayes, G.P., 1853. Traité élémentaire de conchyliologie avec les applications de cette science a la
géologie. Explications des planches. — Masson, Paris: 1-180, I-XI, pls 1-132.

Douglas J.G., & J.A. Ferguson (eds), 1988. Geology of Victoria. — Victn. Div. geol. Soc. Aust.,
Melbourne: I-XV + 1-663, 1 encl.

Eydoux, [F.], & [F.L.A.] Souleyet, 1840. Description sommaire de plusieurs ptéropodes nouveaux ou
imparfaitement connus, destinés a &tre publiés dans le voyage de la Bonite. — Revue zool. Soc.
Cuvier. Paris, 1840: 235-239.

Finlay, H.J., 1924. List of recorded relationships between Australian and New Zealand Mollusca. —
Rep. 16th Meeting Australasian Assoc. Advancement Sc., Wellington Meeting, January, 1923.
Proc. C: 332-343.

Fischer, P., 1880-1887. Manuel de conchyliologie et de paléontologie conchyliologique ou histoire
naturelle des mollusques vivants et fossiles suivi d’'un appendice sur les brachiopodes par D.P.
Oehlert, 1-12. — Savy, Paris: I-XXIV, 1-1369, pls 1-23 (Pteropods in fasc. 5, 1883).

Fleming, C.A., 1966. Marwick’s illustrations of New Zealand shells, with a checklist of New Zealand
Cenozoic Mollusca. —New Zealand Dept. Sc. Industr. Res., Bull., 173: 1-456, 145 pls, 1 frontis-

piece.
Frontier, S., 1965. Le probléme des Creseis. — Cahiers O.R.S.T.0.M., Océanographie (Nosy-Bé), 3, 2:
11-17, pls 1-4,

Gabb, W.M,, 1873a. On the topography and geology of Santo Domingo. — Trans. Amer. Philosoph.
Soc., NS, 15, 1: 49-259, 2 maps.

Gabb, W.M., 1873b. Description of some new genera of Mollusca. — Proc. Acad. Nat. Sc. Philadel-
phia, 1872: 270-274, pl. 11.

Gabb, W.M., 1881. Description of Caribbean Miocene fossils. — Jour. Acad. Nat. Sci. Philadelphia, 2,
8, 4: 337-348, pls 44-45.

Geronimo, I. di, 1974. Molluschi pelagici in livelli di marne mioceniche presso Vetto (R. Emilia). —
Conchiglie, 10, 9-10: 181-192, 1 pl.

Glibert. M., 1962. Euthyneura and Pulmonata fossiles du Cénozoique étranger des collections de
I'Institut royal des Sciences naturelles de Belgique. — Mém. Inst. r. Sc. natur. Belgique, 2, 70:
1-140.

Gonzilez C., L.A., & Princz, D., 1979. Moluscos heteropodos y pteropodos de la zona central del
Caribe venezolano. — Bol. Inst. Oceanogr. Univ. Oriente, 18, 1-2: 99-107.

Gray, J.E., 1847. A list of the genera of recent Mollusca, their synonyma and types. — Proc. Zool. Soc.
London, 15: 129-219.

Gray, I.E., 1850. Catalogue of the Mollusca in the collection of the British Museum, 2. Pteropoda. —
British Museum, London: I-IV, 1-45.



Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

Grecchi, G., 1982. Pteropodi pliocenici dell’Italia settentrionale. — Riv. ital. Paleont., 87, 4: 703-738,
pls 52-54.

Guppy, R.J.L., 1882. On the Recent and Tertiary species of Leda and Nucula found in the Westindies:
with notices of Westindian shells. — Proc. Sc. Assoc. Trinidad, 2, 4, 12: 168-180, pl. 7
(Reprinted in Harris, 1921).

Harris, G.D., 1921. A reprint of the more inaccessible paleontological writings of Robert John
Lechmere Guppy. — Bull. Am. Paleont., 8.

Harris, G.F., 1897. Catalogue of Tertiary Mollusca in the Department of Geology British Museum
(Natural History), 1. The Australasian Tertiary Mollusca. — British Museum, London:
I-XXVI, 1-407, pls 1-8.

Hayward, B.W., 1981. New Early Miocene Gastropoda from the Waitakere Ranges, west Auckland. —
New Zealand J. Geol. Geophys., 24: 115-120. .

Herman, Y., & P.E. Rosenberger, 1971. Pteropods as sea level indicators. In: M. Ters (ed.) Etudes sur
le Quaternaire dans le monde. — VIIIe Congr. INQUA, Paris 1969, 1: 187-190, 2 pls.

Herrmannsen, A.N., 1846-1849. Indicis generum malacozoorum primordia. Nomina subgenerum,
generum, familiarum, tribuum, ordinum, classium; adjectis auctoribus, temporibus, locis
systematicis atque literariis, etymis, synonymis. Praetermittuntur Cirripedia, Tunicata et
Rhizopoda, 1-2. — T. Fischer, Cassellis: I-XXVII, 1-637 (1846: vol. 1); I-XLII, 1-717 (1847-
1849: vol. 2).

Ikebe, N., 1977 (with comments by H. Shibata). Bio- and chronostratigraphy and palacogeography of
the Japanese Neogene. In: The first Mizunami Symposium. Palaeozoogeography of Cenozoic
marine animals in Japanese Islands. — Bull. Mizunami Fossil Museum, 4: 150-153 (in
Japanese).

Itoigawa, J., 1978. Evidence of subtropical environments in the Miocene of Japan. — Bull. Mizunami
Fossil Museum, 5: 7-21, pls 2-3.

Itoigawa, J., H. Shibata, H. Nishimoto & Y. Okumura, 1981. Miocene fossils of the Mizunami Group,
central Japan, 2. Molluscs. — Monogr. Mizunami Fossil Museum, 3A: 1-53, pls 1-52.
Itoigawa, J., H. Shibata, H. Nishimoto & Y. Okumura, 1982. Miocene fossils of the Mizunami Group,

central Japan, 2. Molluscs (continued). — Monogr. Mizunami Fossil Museum, 3B: 1-330.

Janssen, A.W., 1984a. Type specimens of pteropod species (Mollusca, Gastropoda) described by
Rolle (1861), Reuss (1867) and Kittl (1886), kept in the collection of the Naturhistorisches
Museum at Vienna. — Meded. Werkgr. Tert. Kwart. Geol., 21, 2: 61-91, 6 pls.

Janssen, A.W., 1984b. Mollusken uit het Mioceen van Winterswijk-Miste. Een inventarisatie met
beschrijvingen en afbeeldingen van alle aangetroffen soorten. —-K.N.N.V., N.G.V. & R.G.M,,
Amsterdam: 1-451, atlas: 82 pls.

Janssen, A.W., 1985a. Evidence for the occurrence of a ’skinny’ or 'minute stage’ in the ontogenetical
development of Miocene Vaginella (Gastropoda, Euthecosomata) from the North Sea and
Aquitaine Basins. — Meded. Werkgr. Tert. Kwart. Geol., 21, 4: 193-204.

Janssen, A.W., 1985b. Ontsluitingen van mariene Eocene, Oligocene en Miocene afzettingen in het
Bekken van Aquitaine. — Afzett. Werkgr. Tert. Kwart. Geol., 6, 3: 74-97; 6, 4: 104-129, 24 maps.

Janssen, A.W., 1986. Pteropoden aus dem Tertidr, eine Bitte um Unterstiitzung. — Der Geschiebe-
sammler, 19(4): 148-150.

Janssen, A.W., 1989. Some new pteropod species from the North Sea Basin Cainozoic (Mollusca:
Gastropoda, Euthecosomata). — Meded. Werkgr. Tert. Kwart. Geol., 26, 3: 91-133, 8 pls.

Janssen, A.W., in press. Long-distance correlation of Caenozoic deposits by means of planktonic
gastropods (’pteropods’); some examples of future possibilities. — Submitted to Tertiary Re-
search.

Janssen A.W., in prep. Systematics and biostratigraphy of Cainozoic euthecosomatous Pteropoda
(Mollusca, Gastropoda) from the North Sea, the Mayence and the Paris basins.

Janssen, A.W., & C. King, 1988. Planktonic molluscs (Pteropoda). In: R. Vinken (compiler). The
Northwest European Tertiary Basin. Results of the International Geological Correlation
Programme Project no 124. — Geol. Jb., A, 100: 356-368.

Johnson, C.W., 1934. List of marine Mollusca of the Atlantic coast from Labrador to Texas. — Proc.
Boston Soc. Nat. Hist., 40, 1: 1-204.

Jung, P., 1971. Fossil mollusks from Carriacou, West Indies. — Bull. Am. Paleont., 61, 269: 147-262,
21 pls.

Jung, P., 1973. Pleistocene pteropods - Leg 15, site 147, Deep Sea Drilling Project. — Init. Rep.
D.S.D.P., 15: 753-767, 5 pls.

King, C., 1981. The stratigraphy of the London Clay. — Tertiary Research Special Paper, 6: 1- 158.

King, C., 1984. The stratigraphy of the London Clay Formation and Virginia Water Formation in the
coastal sections of the Isle of Sheppey (Kent, England). — Tertiary Research, 5(3): 121-158, 2
pls.

73



74

Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

Knocker, H.H., 1868. On pelagic shells collected during a voyage from Vancouver Island to this
country. — Proc. Sc. Meetings Zool. Soc. London, 1868: 615-622.

Koch, E., K. Gripp & A. Franke, 1912. Die staatliche Tiefbohrungen 14, 15, 16, 17 in den Vierlanden
bei Hamburg. — Jahrb. hamb. wissensch. Anst., 29: 1-33.

Koenen, A. von, 1892. Das Norddeutsche Unter-Oligocin und seine Mollusken-Fauna, 4. —
Abhandl. geol. Spezialk. Preussen Thiir. Staat., 10, 4: 819- 1004, pls 53-62.

Korobkov, 1. A., 1955. Spravochnik i metodicheskoe rukovodstvo po Tretichnym mollyuskam.
Bryukhonogie. — Goskoltekh. Izdat., Leningrad: 1-795, 117 pls (in Russian).

Korobkov, I.A., 1966. Krylonogie (Mollusca, Pteropoda) paleogenovikh otlozhenij yuga S.S.S.R. —
Vopr. Paleont., 5: 72-92, 4 pls (in Russian).

Korobkov, I.A., & R.K. Makarova, 1962. Noviy krilonogiy mollyusk iz verkhneeotsenovikh otloz-
heniy S.S.S.R. — Paleont. Zh., 1962, 4: 83-87, pl. 3 (in Russian).

Krach, W., 1979a. Biostratigraphical extension of Miocene Pteropoda of Poland. — Ann. Géol. Pays
hellén., h.s., 2 (7th Intern. Congress Medit. Neogene, Athens 1979): 653-661.

Krach, W., 1979b. Verbreitung des Pteropoden im Mioziin von Polen. — Ann. Géol. Pays hellén., h.s.,
3 (7th Intern. Congress Medit. Neogene, Athens 1979): 1391.

Krach, W., 1979c. Verbreitung der Pteropoden im Miozin von Polen, Paratethys und Tethys
Regionen. — Ann. Géol. Pays hellén., h.s., 3 (7th Intern. Congress Medit. Neogene, Athens
1979): 1392.

Krach, W., 1981. Slimaki skrzydlonogi (Pteropoda) w Miocenie polski i ich znaczenie stratygraficzne.
— Prace Geol., 121: 116-140, pls 1-6.

Laws, C.R., 1944. The molluscan faunule at Pakaurangi Point, Kaipara, 3. — Trans. Proc. r. Soc. New
Zealand, 73, 4: 297-312, pls 43-45.

Lindsay, J.M., 1969. Cainozoic Foraminifera and stratigraphy of the Adelaide Plains Sub-Basin,
South Australia. — Geol. Surv. South Australia, Bull., 42: 1-60, pls 1-2.

Locard, A., 1897. Mollusques testacés, 1. In: A. Milne-Edwards (ed.) Expéditions scientifiques du
Travailleur et du Talisman pendant les années 1880, 1881, 1882, 1883. — Masson, Paris: I-VI,
1-516, pls 1-22.

Locker, S., 1988. The regional distribution of nannoplankton assemblages; correlation of the interre-
gional zonation with the regional lithostratigraphic formations. The German Democratic
Republic. In: R. Vinken (compiler). The Northwest European Tertiary Basin. Results of the
International Geological Correlation Programme Project no 124. — Geol. Jb., A, 100: 283-287.

Loérenthey, E., 1903. Pteropodas marga a Budapesti 6harmadkori képzodmenyekben (1). Pteropo-
denmergel in den alttertiiren Bildungen von Budapest (2). — Foldtani K6z16ny, 33: 472 475
(1), 520-524 (2).

Ludbrook, N.H., 1967. Correlation of Tertiary rocks of the Australasian region. In: Tertiary correla-
tions and climatic changes in the Pacific, symposium nr 25. The 11th Pacific Science Congress,
Tokyo, 1966. — Sasaki Printing Publ. Co. Ltd, Sendai: 7-19.

Ludbrook, N.H., 1973. Distribution and stratigraphic utility of Cenozoic molluscan faunas in
Southern Australia. — Tohoku Univ., Sc. Rep., 2 (Geol.), spec. vol. 6: 241-261, pls 24-28.

MacNeil, F.S., & D.T. Dockery, 1984. Lower Oligocene Gastropoda, Scaphopoda, and Cephalopoda
of the Vicksburg Group in Mississippi. — Mississippi Dep. Nat. Resources, Bureau Geol.,
Bull., 124: 1-415, 72 pls.

Martini, E., & S. Ritzkowski, 1969. Die Grenze Eozin/Oligozin in der Typusregion des Unteroligo-
zins (Helmstedt-Egeln-Latdorf). — Mém. Bur. Rech. Géol. Min., 69, 3 (Colloque sur ’Eocéne,
Paris 1968, 3): 233-237.

Marwick, J., 1924. An examination of some of the Tertiary Moliusca claimed to be common to
Australia and New Zealand. — Rep. 16th Meeting Australasian Assoc. Advancement Sc.,
Wellington, 1923, Proc. C: 316-331, pls 5-6.

Meisenheimer, J., 190S. Pteropoda. — Wissenschaftliche Ergebnisse der deutschen Tiefsee-Expedi-
tion auf dem Dampfer *Valdivia’ 1898-1899, 9: I-VI, 1-314, atlas pls 1-27, maps I-IX.
Nakagawa, T., & K. Takeyama, 1985. Fossil molluscan associations and paleo- environment of the
Uchiura Group, Fukui Prefecture, central Japan. — Bull. Mizunami Fossil Museum, 12: 27-48,

pls 15-24.

Oppenheim, P., 1922. Uber Alter und Fauna des Tertiirhorizontes der Niemtschitzer Schichten in
Mihren. — Oppenheim, Berlin: 1-106, pls 1-7.

Orbigny, A. d’, 1836. Voyage dans ’Amérique méridionale (le Brésil, la république orientale de
I’'Uruguay, la république Argentine, la Patagonie, la république du Chili, la république de
Bolivia, la république du Pérou), exécuté pendant les années 1826, 1827, 1828, 1829, 1830,
1831, 1832 et 1833, 5(3). Mollusques. — Bertrand, Paris: 49-184, pls 1-20 (see Sherborn &
Woodward, 1901, p. 388 for dates of publication).

Pilsbry, H.A., 1922. Revision of W.M. Gabb’s Tertiary Mollusca of Santo Domingo. — Proc. Acad.
Nat. Sc. Philadelphia, 73: 305-435, pls 16-47.



Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

Quoy, [J.R.C.], & [J.P.] Gaimard, 1827. Observations zoologiques faites 4 bord de I’Astrolabe, en mai
1826, dans le détroit de Gibraltar, troisiéme partie. Description des genres Biphore, Carinaire,
Hyale, Fleche, Cléodore, Anatife et Briarée. — Ann. Sc. nat., 10: 225-239; atlas: pls 7-8.

Rampal, J., 1975. Les thécosomes (mollusques pélagiques). Systématique et évolution - écologie et
biogéographie méditerranéennes. — Doctor’s thesis, Univ. Provence CNRS AQ 11932,
Aix-Marseilles: 1-485.

Rang, [P.C.A.L.], 1828. Notice sur quelques mollusques nouveaux appartenant au genre Cléodore, et
établissement et monographie du sous-genre Créseis. — Ann. Sc. nat., 13: 302-319, pls 17-18.

Rang, P.C.A.L., & [F.L.A.] Souleyet, 1852. Histoire naturelle des mollusques ptéropodes. Monogra-
phie comprenant la description de toutes les espéces de ce groupe de mollusques. — Bailliere,
Paris: I-1V, 1-86, pls 1-15.

Rasmussen, L.B., 1966-1968. Molluscan faunas and biostratigraphy of the marine younger Miocene
formations in Denmark, 1. Geology and biostratigraphy; 2. Paleontology. — Danm. Geol.
Unders. 2, 88: 1-338 (part 1, 1966); 2, 92: 1-265, pls 1-27 (part 2, 1968).

Richter, G., 1973. Zur Stammesgeschichte pelagischer Gastropoden. — Natur und Museum, 103, 18:
265-275.

Richter, G., 1976. Creseis chierchiae Boas, eigene Art oder Jugendstadium von Hyalocylis striata
(Rang)? — Archiv Molluskenkunde, 107, 1-3: 145- 148.

Richter, G., 1979. Die thecosomen Pteropoden der Meteor’-Expedition in den Indischen Ozean
1964/1965. — *Meteor’ Forschungs-Ergebnisse, D, 29: 1-29, 5 pls.

Richter, R., 1948. Einfiihrung in die zoologische Nomenklatur durch Erlduterung der Internatio-
nalen Regeln. — W. Kramer, Frankfurt am Main: 1- 252 (2nd ed.).

Robba, E., 1977. Pteropodi serravalliani delle Langhe (Piemonte). — Riv. ital. Paleont., 83, 3: 575-640,
pls 17-25.

Robba, E., & C. Spano, 1978. Gasteropodi pelagici nel Miocene medio del Campidano meridionale
(Sardegna). — Riv. ital. Paleont., 84, 3: 751- 796, pls 76-81.

Rottman, M.L., 1978. Ecology of recurrent groups of pteropods, euphasiids, and chaetognaths in the
Gulf of Thailand and in the South China Sea. — Marine Biol., 48, 1: 63-78.

Rottman, M.L., 1980. Net tow and surface sediment distributions of pteropods in the South China
Sea region: composition and oceanographic inplications. — Mar. Miocropaleont., 5: 71-110.

Rutsch, R., 1934, Beitrige zur Kenntnis tropisch-amerikanischer Tertidrmollusken, 2. Pteropoden
und Heteropoden aus dem Miocin von Trinidad (Brit. Westindien). — Eclogae geol. Helv., 27,
2: 299-326, pl. 8.

Sakthivel, M., 1974. A new species of Creseis (Gastropoda, Mollusca) from the Laccadive Sea. —
Curr. Sci., 43, 19: 619-620.

Saunders, J.B., P. Jung & B. Biju-Duval, 1986. Neogene paleontology in the northern Dominican
Republic, 1. Field surveys, lithology, environment, and age. — Bull. Amer. Paleont. 89, 323:
1-79, 9 pls.

Seguenza, G., 1875. Studii stratigrafici sulla formazione pliocenica dell’Italia meridionale (continua-
zione). Elenco dei cirripedi e dei molluschi della zona superiore dell’antico Plioceno. — Boll.
R. Com. Geol. Italia, 6, 3-4: 145-153.

Seguenza, G., 1876. Studi paleontologici sulla fauna malacologica del sedimenti pliocenici deposita-
tisi a granda profondita, 5. — Bull. Soc. malac. ital., 2: 18-49.

Seguenza, G., 1880. Le formazioni terziarie nella provincia di Reggio (Calabria). — Atti r. Accad.
Lincei, 3, 277; Mem. Cl. Sc. Fis. Matem. Natur., 6: 3-445, pls 1-17.

Sherborn, C.D., & B.B. Woodward, 1901. Notes on the dates of publication of the natural history
portions of some French voyages, 1. ’Amérique méridionale’; *Indes orientales’; "Pdle Sud’
(CAstrolabe’ and *Zélée’); ’La Bonite’; ’La Coquille’; and *L’Uranie et Physicienne’. — Ann.
Mag. Nat. Hist., 7, 7, 40: 388-392.

Shibata, H., 1979. Pelagic Mollusca from the Kakegawa Group and the Tamari Formation, Shizuoka
Prefecture, Japan. — Bull. Mizunami Fossil Museum, 6: 111-124, pls 19-20.

Shibata, H., 1980. Pteropods from the Early Miocene (Kurami and Saigo Groups) of the Kakegawa
District and the Early to Middie Miocene (Yatsuo Formation) of the Yatsuo District, central
Japan. — Bull. Mizunami Fossil Museum, 7: 59-68, pls 2-3 (in Japanese).

Shibata, H., 1983. Miocene pteropods from central Honshu, Japan. — Coll. Gen. Educ., Nagoya
Univ., Res. Bull., B, 27: 65-86, 2 pls.

Shibata, H., & T. Ishigaki, 1981. Heteropodous and pteropodous biostratigraphy of Cenozoic strata of
Chubu Province, Japan. — Bull. Mizunami Fossil Museum, 8: 55-70, pls 12-13 (in Japanese).

Shibata, H., & A. Ujihara, 1983. Middle and Late Pleistocene heteropods and pteropods from Chiba,
Noto Peninsula and Kikaijima, Japan. — Bull. Mizunami Fossil Museum, 10: 151-169, pls
43-47.

Singleton, F.A., 1941. The Tertiary geology of Australia. — Proc. r. Soc. Victoria, NS, 53, 1-2: 1-125,3
pls, 2 maps.

75



76

Janssen, Cainozoic Pteropoda from Australia, Scripta Geol. 91 (1989)

Sirna, G., 1968. Pteropodi del Miocene di S. Nicola Varano (Gargano) con descrizione di due nuove
specie. — Geol. Romana, 7: 417-430.

Sorgenfrei, T., 1940. Marint Nedre-Miocaen i Klintinghoved paa Als. Et Bitrag til Lasning af
Aquitanien-Spergsmaalet. — Danm. Geol. Unders., 2, 65: 1-143, pls 1-8.

Spoel, S. van der, 1967. Euthecosomata, a group with remarkable developmental stages (Mollusca,
Pteropoda). — Doctor’s thesis, Univ. Amsterdam; J. Noorduijn & Zn, Gorinchem: 1-375.

Spoel, S. van der, 1976a. Pseudothecosomata, Gymnosomata and Heteropoda (Gastropoda). —
Bohn, Scheltema & Holkema), Utrecht: 1-484.

Spoel, S. van der, 1976b. Finer sculptures in euthecosomatous shells, and their value for taxonomy
(Mollusca, Pteropoda). — Beaufortia, 24, 314: 105-131, 10 pls.

Squires, R.L., 1989. Pteropods (Mollusca: Gastropoda) from Tertiary formations of Washington and
Oregon. — Jour. Paleont., 63, 4: 443-448.

Stancu, J., 1979. Ptéropodes et Hétéropodes du Miocéne de Roumanie. — Ann. Géol. Pays Hellén.,
h.s., 3 (7th Intern. Congr. Medit. Neogene, Athens 1979): 1387-1390.

Steurbaut, E., 1984. Les otolithes de téléostéens de 1'Oligo-Miocéne d’Aquitaine (Sud-Ouest de la
France). —Palaeontographica, A, 186, 1-6: 1- 162, 38 pls.

Suter, H., 1921. Lists of New Zealand Tertiary Mollusca from various localities examined and named
from 1913 to the end of 1917, with notes and a review of results, etc. by P.G. Morgan. — N.Z.
Geol. Surv. Pal. Bull.,, 8: I-VI, 1-107, 2 maps.

Tate, R., 1882. Notes on the Tertiary strata beneath Adelaide. — Trans. Proc. Rep. R. Soc. South
Australia, S: 40-43, pl. 1.

Tate, R., 1887. The pteropods of the older Tertiary of Australia. — Trans. Proc. Rep. R. Soc. South
Australia, 9: 194 196, pl. 20.

Tate, R., 1899. A revision of the older Tertiary Mollusca of Australia, 1. — Trans. Proc. Rep. R. Soc.
South Australia, 23, 2: 249-277, pl. 8.

Tesch, J.J., 1913. Mollusca, Pteropoda. In: F.E. Schulze (ed.) Das Tierreich. Eine Zusammenstellung
und Kennzeichnung der rezenten Tierformen, 36. — Friedberger & Sohn, Berlin: I-X VI, 1-154.

Tesch, 1.J., 1946. The thecosomatous pteropods, 1. The Atlantic. — Dana Reports, 28: 1-82, 8 pls.

Tesch, J.J., 1948. The thecosomatous pteropods, 2. The Indo-Pacific. — Dana Reports, 30: 1-45, 3 pls.

Tiberi, N., 1878. Mollusques marins d’Italie. Céphalopodes, ptéropodes, hétéropodes vivants de la
Méditerranée et fossiles du terrain tertiaire d’Italie. — Mém. Soc. malac. Belgique, 13: 52-84.

Tiberi, N., 1880. Cefalopodi, pteropodi, eteropodi vivente nel Mediterraneo e fossili nel terreno
Terziario italiano con aggiunte e correzioni. — Bull. Soc. malacol. ital., 6: 5-49.

Tokioka, T., 1951. Droplets from the plankton net, 10. Record of Creseis chierchiae (Boas) from the
Palao Islands. — Publ. Seto Mar. Biol. Lab., 1, 4: 184,

Vayssiére, A., 1915. Mollusques euptéropodes (Ptéropodes Thécosomes) provenant des campagnes
des yachts Hirondelle et Princesse-Alice (1885-1913). — Résultats Campagnes sc. accomplies
sur son yacht par Albert Ier, prince souverin de Monaco, 47: 1-226, pls 1-14.

Verbeek, J., E. Steurbaut & T. Moorkens, 1988. The regional distribution of nannoplankton assem-
blages; correlation of the interregional zonation with the regional lithostratigraphic forma-
tions. Belgium. In: R. Vinken (compiler). The Northwest European Tertiary Basin. Results of
the International Geological Correlation Programme Project no 124. — Geol. Jb., A, 100:
267-273.

Warén, A., 1980. Marine Mollusca described by John Gwyn Jeffreys, with the location of the type
material. — Spec. Publ. Conch. Soc. Great Britain & Ireland, 1: 1-60, pls 1-8.

Wells Jr, F.E., 1975. Comparison of euthecosomatous pteropods in the plankton and sediments off
Barbados, West Indies. — Proc. Malac. Soc. London, 41: 503-509.

Wells, F.E., 1978. Subgeneric relationships in the euthecosomatous pteropod genus Limacina Bosc,
1817. — Jour. Malac. Soc. Australia, 4, 1-2: 1-5.

Wenz, W., 1921. Das Mainzer Becken und seine Randgebiete. Eine Einfiihrung in die Geologie des
Gebietes zwischen Hunsriick, Taunus, Vogelsberg, Spessart und Odenwald. — W. Ehrig,
Heidelberg: 1-351, 41 pls.

Yamakawa, G., & M. Ishikawa, 1912. Some pteropods from the Neogene of Semata. — Jour. geol. Soc.
Tokyo, 19, 220: (1)-(8), pl. 1.

Zilch, A., 1959. Euthyneura. In: W. Wenz. Gastropoda, 2. — Handb. Paldozool., 6, 2, 1: I-XII, 1-701

pp.
Zinndorf, J., 1928. Die Versteinerungen aus den Tertidir-Ablagerungen von Offenbach a.M., 1. Die

Conchylien des Rupeltones (Septarientones). — Ber. Offenbach. Ver. Naturk., 66-68: 1-65, pls
1-6.

Manuscript received 4 September 1989



	Pteropoda (Gastropoda, Euthecosomata) from the Australian Cainozoic

	Introduction
	LOCATION OF MATERIAL AND ABBREVIATIONS USED IN THE TEXT
	ACKNOWLEDGEMENTS
	NOTES ON THE ILLUSTRATIONS


	Note on R. Tate's 1887 paper
	Fig. 1.
	Table 1.

	Systematic descriptions
	Phylum MOLLUSCA
	Classis GASTROPODA
	Ordo THECOSOMATA
	Subordo EUTHECOSOMATA
	Familia LIMACINIDAE
	Genus Limacina Bosc, 1817
	Limacina atypica (Laws, 1944)
	Limacina curryi sp. nov
	Plate 1

	Limacina ? dilatata (von Koenen, 1892)
	Limacina aff. gramensis (Rasmussen, 1968)
	Plate 2

	Limacina inflata (d'Orbigny, 1836)
	Plate 3

	Limacina lunata sp. nov.
	Limacina tatei sp. nov.
	Limacina tertiana (Tate, 1887)
	Plate 4
	Plate 5



	Familia CAVOLINIIDAE
	Subfamilia CRESEINAE
	Genus Creseis Rang, 1828
	Creseis cf. chierchiae (Boas, 1886)
	Table 2.


	Genus Praehyalocylis Korobkov, in Korobkov & Makarova, 1962
	Praehyalocylis annulata (Tate, 1887)
	Table 3.


	Genus Styliola Gray, 1850
	Styliola subula (Quoy & Gaimard, 1827)
	Table 4.
	Plate 6
	Fig. 2.

	?Styliola sp.


	Subfamilia CLIOINAE
	Genus Clio Linné, 1767
	?Clio sp.


	Subfamilia CUVIERININAE
	Spoelia gen. nov.
	Spoelia torquayensis sp. nov
	Plate 7



	Subfamilia CAVOLINIINAE
	Genus Vaginella Daudin, 1800
	Vaginella bicarinata Tate, 1887
	Plate 8
	Plate 9

	Vaginella depressa Daudin, 1800
	Table 5.
	Plate 10
	Table 6.
	Table 7.

	Vaginella victoriae sp. nov.

	Plate 11

	Vaginella sp.
	Plate 12









	Pteropods described by M.F. Buonaiuto

	Plate 13

	Biostratigraphy of Australian pteropods and potential tools for long distance correlations
	Fig. 3.
	Table 8.

	Annex: Description of Vaginella sannicola sp. nov. from the Miocene of Gargano, Italy

	Vaginella sannicola sp. nov.

	References




