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Introduction

Newly collected material, evidence of occur-

rences of older age in boreholes and progressive

studies in other European countries during the last

twenty years prompted a revision, or rather, a first

systematic account of Austrian material. For the

present study the entire pteropod collections of the

Naturhistorisches Museum Wien, the Geologische

Bundesanstalt Wien, the Institut fur Palaontologie
der Universitat Wien and many boreholes of the

Rohol-Aufsuchungs GmbH and the Osterreichische

Mineralol-Verwaltung were available. The material

of the three last named institutions is now for the

greater part included in the pteropod collection of

the Geologisch-Palaontologische Abteilung of the

Naturhistorisches Museum Wien, which also in-

clude the specimens studied by Kittl for his exten-

sive work. This collection comprises the type mate-

rial of four pteropod species which occur also in

The only systematic papers in which also Aus-

trian material was described, are those by Homes

(1856), Kittl (1886), which encompasses the former

Austro-Hungarian monarchy, and that by Ctyroky
et al. (1968), which focusses on the Miocene of the

Paratethys. A stratigraphical range from the Late

Oligocene to Late Badenian was known.

Pteropods are marine, holoplanktonic gastropods of

small size (mm to cm), which are distributed world-

wide, fossil as well as modern. The pteropod group

discussed herein is assigned to the suborder Euthe-

cosomata of the order Thecosomata. Austrian

pteropods have been known from the middleof the

nineteenth century, the smaller Limacinidae, how-

ever, have only been noted during recent decades.

Formerly, pteropods escaped the attention of pal-

aeontologists on account of their minute size, and

the method of sampling, and they were also often

interpreted as juvenile shells of other gastropods (i.e.

as embryonic shells of Pyramidellidae). On the

whole, the material available remained compara-

tively scanty, as the aragonitic shells fossilise poorly.
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Austria (Limacina valvatina, L. hospes, Creseis spina and

Vaginella austriaca) and generally proved to be a

valuable source for comparisons. In addition to the

samples from the Aderklaa and Mannsdorf 1 bore-

holes (courtesy of the Osterreichische Mineralol-

Verwaltung) all others come fromboreholes sunk by

the Rohol-Aufsuchungs GmbH.

In another paper (Zorn, in press) the history of

the pteropod studies in Austria, the stratigraphy and

the localitiesare discussed. A schematic map (Fig. 1)

showing the various localities will suffice here.

ABBREVIATIONS

GBA - Geologische Bundesanstalt, Vienna

NHMW-GP - Naturhistorisches Museum Wien,

Geologisch-Palaontologische

Abteilung

NHMW-Z - Naturhistorisches Museum Wien,

Zoologische Abteilung (molluscan

collections)

OMV — Osterreichische Mineralol-Verwal-

tung, Vienna and Aderklaa

RAG - Rohol-Aufsuchungs GmbH, Vienna

and Pettenbach

PI — Institut fur Palaontologie der Uni-

versitat Wien

c - circa

max. - maximum

min. — minimum

R —

range of variation

s - standard deviation

V - coefficient of variation

x
-

mean

registr. no. - registration number

BBZ - Bulimina-Bolivina-Zone

BRZ - Bulimina-Rotalia-Zone

LLZ - Lower Lagenidae Zone

LPG — Lower Puchkirchen Group

SZ - Spiroplectammina Zone

TMF - Tonmergel Formation

ULZ - Upper Lagenidae Zone

UPG - Upper Puchkirchen Group

Concerning the symbols of the synonymy lists the

reader is referred to Richter (1943).

SYSTEMATIC DESCRIPTIONS

Phylum Mollusca

Classis Gastropoda

Ordo Thecosomata

Subordo Euthecosomata

Familia Limacinidae Gray, 1847

Genus Limacina Bosc, 1817

Fig. 1. Map of Austria showing localities that have yielded Tertiary pteropods.
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Diagnosis — Shell sinistral, planispiral to high tro-

chospiral, occasionally with sunken, concave apex,

umbilicus narrow to extremely wide or missing,

shell surface mostly without ornamentation, aper-

ture occasionally with special structures (projec-

tions, thickenings, extensions).

Type species — Limacina helicina (Phipps, 1774).

Stratigraphical range
— Latest Paleocene-Recent.

Limacina valvatina (Reuss, 1867)

PI. 1, Figs 1-6; PI. 10, Figs 1, 2; PI. 11, Figs 4, 5

*v 1867 Sp. valvatina Reuss, p. 146, pi. 6, fig. 11.

v. 1886 Spirialis valvatina Reuss. — Kittl, p. 69, pi. 2, fig. 38.

v. 1968 Spiratella valvatina (Reuss) — Ctyroky el at., p. 131,

pi. 4, fig. lOa-b.

. 1968 Spiratella valvatina (Reuss 1867) — Rasmussen, p.

243, pi. 27, figs 1-3, 11.

. 1969 Limacina A — Boekschoten, pi. 3, fig. 3a-b.

. 1972 Spiratella valvatina (Reuss, 1867) — A.W.Janssen, p.

61, figs 31-40, pi. 11, fig. 10.

v. 1981 Spiratella valvatina (Reuss) 1887 —
Krach, p. 125, pi.

3, figs 2-4, 7, 8; pi. 5, figs 1, 2, 9-11; pi. 6, figs 1,

2a-b.

v. 1984a Limacina valvatina (Reuss, 1867) — A.W.Janssen, p.

.381, pi. 20, figs la-b, 2a-b.

v. 1984b Spirialis valvatina Reuss, 1867 — A.W. Janssen, p.

72.

. 1990a Limacina valvatina (Reuss, 1867) — A.W.Janssen, p.

85, figs 7-9.

Material — Late Oligocene to Middle Miocene:

—
Egerian - LPG: Eggelsberg 1, 2050-2052m (1 specimen), coll.

NHMW-GP (registr. no. 1990/1319/5); Friedburg 1,

2142-2!44m (1 specimen), coll. NHMW-GP (registr. no.

1990/1320/5); Weizberg 1, 1800m (1 specimen), coll. NHMW-

GP (registr. no. 1990/1330/2). UPG: Diethaming 1, 890m (2

specimens), coll. NHMW-GP (registr. no. 1990/1317/7).
— Karpatian [Laaer Formation]: Laa an der Thaya, coll.

NHMW-GP (leg. Rogl, 1967, registr. no. 1990/1316/18-33),

l/I/0-0,25m (2 specimens), 3/1/0,5-0,75m (2 specimens),

4/1/0,75-lm (5 specimens), 5/1/1-1,25m (6 specimens),

6/1/1,25-1,5m (1 specimen), 7/1/1,5-1,75m (1 specimen),

8/1/1,75-2m (3 specimens), 9/1/2,0-2,25m (4 specimens), 10/

1/2,25-2,5m (1 specimen), 11/1/2,5-2,75m (1 specimen), 18/

II/0-0,5m (1 specimen), III/0-0,lm (1 specimen), III/0,8-0,9m

(6 specimens), III/l-l,lm (1 specimen), III/1,1-1,2m (2 speci-

mens), 28/P/2 (1 specimen); coll. NHMW-GP (leg. Rogl, 1966,

registr. no. 1990/1316/34, 7 specimens).

— Badenian
-

ULZ: Bad Voslau, coll. NHMW-Z, (coll. Edlauer,

registr. no. 36904, 1 specimen); Baden-SooB, coll. NHMW-GP

(registr. no. 1990/1310/2, a few juvenile specimens; Aderklaa

88, coll. NHMW-GP (registr. no. 1990/1295/5-7), 1690m (1

specimen), 1760m (1 specimen), 1860m (1 specimen); Aderklaa

92, coll. NHMW-GP (registr. no. 1990/1296/22-27), 1860m

(1 specimen), 1880m (1 specimen), 1900m (4 specimens), 1910m

(1 specimen), 1920m (2 specimens), 1930m (3 specimens).
SZ: Mannsdorf 1, coll. NHMW-GP (registr. no. 1990/1307/1),
K/2055-2057m (2 specimens); Aderklaa 82, coll. NHMW-GP

(registr. no. 1990/1290/8-17), 1480m (2 specimens), 1510m

(1 specimen), 1520m (2 specimens), 1540m (1 specimen), 1600m

(2 specimens), 1630m (1 specimen), 1660m (1 specimen), 1670m

(1 specimen), 1680m (1 specimen), 1690m (1 specimen); Ader-

klaa 83, coll. NHMW-GP (registr. no. 1990/1291/4, 5), 1500m

(1 specimen), 1600m (1 specimen); Aderklaa 85, coll. NHMW-

GP (registr. no. 1990/1293/6-9), 1550m (8 specimens), 1560m (2

specimens), 1570m (1 specimen), 1590m (2 specimens); Aderklaa

87, coll. NHMW-GP (registr. no. 1990/1294/2-13), 1410m

(5 specimens), 1420m (5 specimens), 1430m (1 specimen), 1450m

(2 specimens), 1470m (1 specimen), 1480m (1 specimen), 1490m

(4 specimens), 1520m (1 specimen), 1540m (1 specimen), 1550m

(2 specimens), 1560m (1 specimen), 1580m (1 specimen); Ader-

klaa 88, coll. NHMW-GP (registr. no. 1990/1295/1-4), 1490m

(1 specimen), 1500m (1 specimen), 1510m (3 specimens), 1590m

(1 specimen); Aderklaa 92, coll. NHMW-GP (registr. no.

1990/1296/14-21) 1460m (1 specimen), 1470m (6 specimens),

1480m (5 specimens), 1490m (1 specimen), 1500m (10 speci-

mens), 1510m (1 specimen), 1630m (1 specimen), 1670m (1

specimen).

BBZ: Aderklaa 83, coll. NHMW-GP (registr. no.

1990/1291/1-3), 1380m (1 specimen), 1400m (1 specimen),

1440m (3 specimens); Aderklaa 84, coll. NHMW-GP (registr. no.

1990/1292/1-4), 1470m (2 specimens), 1480m (1 specimen),

1490m (3 specimens), 1500m (2 specimens); Aderklaa 85, coll.

NHMW-GP (registr. no. 1990/1293/1-5), 1420m (1 specimen),
1430m (6 specimens), 1500m (1 specimen), 1510m (2 specimens),

1540m (1 specimen); Aderklaa 87, coll. NHMW-GP (registr. no.

1990/1294/1), 1350m (1 specimen); Aderklaa 92, coll. NHMW-

GP (registr. no. 1990/1296/5-13), 1350m (5 specimens), 1360m

(1 specimen), 1380m (3 specimens), 1390m (1 specimen), 1410m

(10 specimens), 1420m (12 specimens), 1430m (6 specimens),
1440m (6 specimens), 1450m (3 specimens); Walbersdorf, Wie-

nerberger claypit, coll. NHMW-GP (leg. Steininger & Rogl,

sample no. 430/Z, registr. no. 1990/1312/3, many juvenile

specimens); Hainburg (borehole for the Donau-KW), coll. PI

(registr. no. 2709, sample no. 20/14, 20/16, 20/18-20, many

juvenile specimens).

BRZ: Aderklaa 82, coll. NHMW-GP (registr. no.

1990/1290/2-7), 1360m (1 specimen), 1370m (1 specimen),

1420m (1 specimen), 1440m (5 specimens), 1460m

(19 specimens), 1470m (30 specimens).

Downhole contamination in the Karpatian from Badenian depo-

sits: Aderklaa 87, coll. NHMW-GP (registr. no. 1990/1294/14),
2480m (1 specimen); Aderklaa 92, coll. NHMW-GP (registr. no.

1990/1296/28-40), 1950m (1 specimen), 1970m (1 specimen),
2180m (2 specimens), 2190m (1 specimen), 2220m (2 specimens),

Fig. 2. Characters of the genus Limacina.
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2270m (2 specimens), 2300m (4 specimens), 2340m (1 specimen),

2350m (1 specimen), 2380m (2 specimens), 2450m (1 specimen),

2470m (1 specimen), 2480m (3 specimens).

Reworked specimens in Sarmatian strata from Badenian deposits:

Marzer Kogel, Wienerberger claypit, coll. NHMW-GP (leg. Rogl,

1976, registr. no. 1990/1313/1, 11 specimens).

Description — The smooth shell, which shows clear

growth lines only, has a moderately strongly elevated

spire forming a slightly obtuse angle and projects c

1/6 of the entire shell height above the last whorl. The

whorls are convex and high, increase regularly and

very slowly in width and show relatively deep sutures.

Height and width of the shell are nearly equal. When

completely preserved, shell height slightly exceeds

width, as shown by a specimen from Bad Voslau (PI.

1, Fig. 1), in which the narrow umbilicus and the

aperture can be seen. The latter is oval and posteriorly

slightly extended though damaged, attached to the

periphery of the preceding whorl. This specimen also

shows shortly before the aperture over the entire

height of the whorl an anomaly in the shell growth,

which is probably due to an injury. The columellar

side of the aperture is slightly deflected outwards

(columellar flange) and shows at the inner side a small,

atypical bulge. As to the number of whorls, in the

literature a maximum of four or five whorls is recor-

ded (Reuss, 1867; von Koenen, 1883; Rasmussen,

1968). The Austrian specimens, however, reach at

most 3'/4 whorls, just as the lectotype from Wieliczka

does (PI. 1, fig. 5).

The embryonic shell (PL 11, Fig. 5) is cap-shaped

with bulbous tip. No ornamentation is visible. The

growth lines start behind the protoconch.

Dimensions— See Tables 1, 2.

Remarks — The borehole specimens are preserved as

pyritic casts, rarely with thin shell layers remaining.

Because of this state of preservation the width

appears to exceed the height in these specimens.

This explains the dimensions given in Table 1. Most

specimens from Laa are juveniles, as are all of the

Hainburg, SooB and Walbersdorfindividuals.

Limacina valvatina resembles L. tarchanensis (Kittl,

1886), L. hospes Rolle, 1861 and the modern species

L. lesueurii (d'Orbigny, 1836). Limacina hospes has on

average a lesser H/W ratio, the apical angle is

smaller and the whorls increase markedly more

rapidly in width. The first whorl is narrower and the

subsequent ones are wider than those of L. valvatina.

The aperture is more regularly oval-rounded and

larger in comparison with the entire shell. The most

conspicuous feature, however, is the deflected aper-

tural margin opposite the columellarside, but this is

not yet developed in non-adultspecimens and gene-

rally not preserved in pyritic casts.

Limacina tarchanensis also differs by a lesser H/W

ratio (lectotype: H=1.179 mm, W= 1.446 mm,

H/W=0.815; see PI. 4, fig. 6); the form of the

aperture, however, is very similar. The increase in

whorl width is between L. hospes and L. valvatina.

The H/W ratio of Limacina lesueurii is similar to

that of L. valvatina, it has a similarly narrow umbi-

licus and the whorl increase is also comparable, but

the aperture is shaped differently. It is comparati-

vely smaller, adapically not extended and the outer

margin attaches below the periphery of the prece-

ding whorl. In addition, L. lesueurii shows a distinct

spiral sculpture on its base.

In the Laaer Formation L. valvatina and L. mio-

rostralis (Kautsky, 1925) co-occur. As these are

unfortunately generally very juvenile and the proto-

conchs are devoid of any ornamentation, these spe-

cies are hard to tell apart. From 1 'A whorls onwards

they may be distinguished on account of the more

rapid increase in whorl width in L. miorostralis. The

growth lines are also often stronger in L. miorostralis.
Fig. 3. Height/width (H/W) ratios ofLimacina valvatina and L. cf.

valvatina.

Table 1. Dimensions of Limacina valvatina. Table 2. Dimensions ofthe type material of Limacina valvatina.

n =50 min. max. R X s V
spccmen

from Vdslai

H 0,259 0,732 0,473 0,454 0,094 20,674 0,786

W 0,330 0,884 0,554 0,551 0,109 19,811 0,732

H/W 0,725 0,966 0,241 0,824 0,049 5,969 0,931

n = 6 min. max. R X

H 0,643 0,795 0,152 0,725

W 0,732 0,982 0,250 0,863

H/W 0,848 0,878 0,030 0,864
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Up to now, L. valvatina from Austria was known

only from the Bulimina-Bolivina Zone (Late Bade-

nian) in the Aderklaa 1 borehole (Ctyorky et al.,

1968, p. 131). It is now also recorded from the

Middle Badenian, Karpatian and Egerian. The

main range of L. valvatina is Middle Miocene, but it

is common in the Bulimina-Bolivina Zone. In the

Early Miocene the species is known, apart from

Austria, only from the North Sea Basin. An occur-

rence in the Lower Puchkirchen Group (Kiscellian)

has become more convincing with the record of a

form from the German Chattian originally identi-

fied as L. ? valvatina (see A.W. Janssen & King, 1988,

p. 363). A.W. Janssen (1990a) referred all Late Oli-

gocene individuals from the North Sea Basin to L.

valvatina,, on the basis of additional material (see also

L. cf. valvatina below).

Limacina nucleatus (Zhizhchenko, 1934) from the

Early Badenianof the Taman peninsula, L. praerangi

praerangi (Tembrock, 1989) from the Mecklenburg

Early and Middle Miocene and the Hungarian Mio-

cene Limacina sp. (Strausz, 1966) might in part be

conspecific with L. valvatina. The first-named species

shows a somewhat more elevated spire.

Extra-Austrian distribution — Paratethys: Czechoslo-

vakia [Miocene, Badenian, Kosovian, PEarly Ter-

tiary], Poland [Miocene, Badenian], Romania

[Miocene, Badenian, Sarmatian (Volhynian)],

Soviet Union [Miocene, Badenian, Kosovian].

North Sea Basin: Belgium [Miocene, Hemmoor-

ian], Germany [Late Oligocene, Vierlandian-Lan-

genfeldian], Denmark [Oligocene, Chattian, Mio-

cene, Vierlandian-Langenfeldian], The Nether-

lands [Miocene, Hemmoorian-Reinbekian].

Limacina cf. valvatina (Reuss, 1867)

PI. 1, Figs 7, 8

Material — Late Oligocene-Early Miocene:

— Kiscellian - TMF: Diethaming 1, coll. NHMW-GP (registr.

no. 1990/1317/3, 4), 860m (2 specimens), 870m (1 specimen).

— Egerian - LPG: Diethaming 1, coll. NHMW-GP (registr. no.

1990/1317/13), 970m (1 specimen), UPG: Diethaming 1, coll.

NHMW-GP (registr. no. 1990/1317/8, 10, 12); Friedburg 1,

coll. NHMW-GP (registr. no. 1990/1320/1), 1740-1742m (1

specimen).

Dimensions — See Table 3

Remarks — These pyritic casts have slightly lesser

H/W ratios and concomitantly a larger apical angle

than typical L. valvatina. A.W. Janssen (1972, p. 63;

1990a) stressed the variation of this ratio in L. valva-

tina and specimens 'in a very depressed form' were

recorded from the earliest Early Miocene (Vierlan-

dian) (A.W. Janssen & King, 1988, p. 364). Speci-

mens from the Late Oligocene ofJutland are also

described by A.W. Janssen as very depressed. The

H/W ratio indicated do not allow a direct compari-

son, as the Austrian specimens are preserved exclu-

sively as pyritic casts and their shell height is there-

fore affected by the loss of apertural morphology.

These special features demonstrate a resemblance

with L. tarchanensis; it is impossible to distinguish

between this species and a few small specimens at

hand. As they co-occur with L. valvatina in the Ege-

rian and L. tarchanensis has so far been recorded with

certainty only from the Badenian, they are conside-

red more closely related to L. valvatina. Specimens of

L. tarchanensis recorded by Gheorghian et al. (1967)

from the Early Mioceneof Transsylvania cannot be

verified. Should additional material from the Eger-

ian and Kiscellian become available in future and

the conspecificty with L. valvatina prove correct, the

range will be extended to the Late Kiscellian.

Limacina sp. (MacNeil & Dockery, 1984, p. 244,

pi. 65, figs 10-12, 14-18) from the Mississippi Early

Oligocene shows a comparable habit.

Limacina hospes Rolle, 1861

PI. 2, Fig. 1-7; PI. 10, Fig. 5; PI. 11, Fig. 1

*v 1861 Limacina hospes Rolle, p. 3, pi. 1, fig. 1, la-b.

v. 1886 Spirialis hospes (Rolle). Kittl, p. 69, pi. 2, fig. 39.

1953 Spiratella cf. hospes (Rolle) Sieber, p. 372.

? 1953 Spirialis hospes {Rolle) —Jorgulescu, p. 208, pi. 9, fig. 6.

1960 Spirialis hospes Paghida, p. 323.

. 1967 Spirialis hospes (Rolle) Gheorghian et al., p. 8, pi. 1,

fig. la-c.

1971 Sp. hospes Rolle Rado & Tudor, p. 288.

1975 S. hospes (Rolle) Gheorghian, p. 178.

1979 Limacina (Limacina) hospes (Rolle 1862) - R.Janssen, p.

350.

1979 Spiratella hospes (Rolle) Stancu, p. 1390.

1980 Spiratella hospes (Rolle) Moisescu & Popescu, p. 218,

pi. 2.

v. 1984b Limacina hospes Rolle, 1861 —A.W. Janssen, p. 69, pi.

2, fig. la-d.

1988 S. hospes Pana et al p. 60.

. 1989 Limacina antoniae:Janssen & King, 1988 [nomen nudum)=

Limacina hospesRolle, 1861 A.W.Janssen, p. 95.

. 1990 aLimacina hospes Rolle, 1861 —A.W.Janssen, p. 84, figs

1-6.

Material Oligocene:

Table 3. Dimensions of Limacina cf. valvatina.

n = 7 min. max. R X

H 0,278 0,686 0,408 0,416

W 0,357 0,900 0,543 0,556

H/W 0,695 0,800 0,105 0,749



100

- Egerian, Lower Puchkirchen Group: Eggelsberg 1, coll.

NHMW-GP (registr. no. 1990/1319/2, 3, 7, 9, 10, 12, 14),

2030-2032m (1 specimen), 2040-2042m (1 specimen), 2070-2072m

(1 specimen), 2110-2112m (8 specimens), 2120-2122m (2 speci-

mens), 2130-2132m (1 specimen), 2140-2142m (1 specimen); Fried-

burg 1, coll. NHMW-GP (registr. no. 1990/1320/4, 6, 9),

2120-2122m (1 specimen), 2160-2162m (2 specimens),

2320-2322m (1 specimen); Schallerbach 2, coll. NHMW-GP

(registr. no. 1990/1328/2, 3, 5, 6), 360m (1 specimen), 370m (1

specimen), 380m (2 specimens), 390m (2 specimens).

Description — The spire is relatively low and the whorls

increase in width slowly at first, then more rapidly.

The shell height equals 3/4 of the width. The speci-

mens, exclusively preserved as pyritic casts, show a

maximum of 2'A whorls, whereas the holotype has 3

'/� whorls. The holotype (PI. 2, fig. 7) preserves the

typical deflected apertural margin, which cannot be

seen in the Austrian specimens on account of state of

preservation and ontogenetic stage (not yet full-

grown). The aperture is large and oval. Just as in L.

valvatina it attaches at the periphery of the penultimate

whorl. The umbilicus is only visible in the holotype

where it is narrow.

Dimensions— See Table 4.

Remarks — The differences between L. hospes and L.

valvatina and L. tarchanensis have been discussed

above. Especially similar is L. dilatata (von Koenen,

1892) from the Latdorfian of Germany, which

resembles L. hospes inapertural morphology, but has

a higher spire. A.W. Janssen (1989, p. 95) indicated

that in L. dilatata height and width are nearly equal,

whereas in L. hospes width exceeds height. The only

record up to now of L. cf. hospes from the Late

Oligocene of the Zehrmuhle boreholes in Upper

Austria is that of Sieber (1953).
The younger Rumanian records could perhaps

refer to L. tarchanensis, as these are markedly youn-

ger than the typical Oligocene finds. There is no

description of these shells and the illustration in

Gheorghian et al. (1967, pi. 1, fig. la-c) does not

allow a definite assignment.

Extra-Austrian distribution — Paratethys: Rumania

[Miocene, Middle Egerian, Ottnangian, Badenian,

Kosovian, Sarmatian (Volhynian), Late Miocene].

North Sea Basin: Belgium [Oligocene, Rupelian],

Germany [Oligocene, Rupelian, Chattian], Den-

mark [Oligocene, Chattian].

Limacina miorostralis (Kautsky, 1925)
PL 3, Figs 1-4; PL 11, Fig. 2

1883 Spirialis rostralis Eyd. et Soul. — von Koenen, p. 358.

1886 Spirialis rostralis Eyd. & Soul. — Koch, p. 134.

* 1925 Spirialis miorostralis Kautsky, pp. 202, 238.

1952 Spiratella miorostralis Kautsky, sp. 1925 — Glibert, pp.

147, 159, tab. 3, p. 170, tab. 4, p. 175, tab. 5.

v. 1967 Spiratella andrusovi andrusovi — Rogl, p. 36.

v. 1968 Spiratella andrussowi andrussowi (Kittl) — Ctyroky et al.,

p. 131 [partim], pi. 4, fig. 12a-b.

1970 Spiratella andrusovi — Papp et al., p.
31.

Fig. 4. Height/width (H/W) ratio ofLimacina hospes.

PLATE 1

Figs 1-6. Limacina valvatina (Reuss, 1867).

1a-c: Bad Vöslau, coll. NHMW-Z (Edlauer collection, registr. no. 36904), Badenian [Upper Lagenidae Zone], apertural,

apical, and umbilical views. 2a-b: pyritic cast with shell fragments, Laa an der Thaya, NHMW-GP (registr. no.

1990/1316/20a), Karpatian [Laaer Formation], apertural and apical views. 3a-b: pyritic cast, Aderklaa 82 (1460 m),

NHMW-GP (registr. no. 1990/1290/6a), Badenian [Bulimina-Rotalia Zone], apertural and apical views. 4a-b: pyritic

cast with shell fragments, Aderklaa 82 (1600 m), NHMW-GP (registr. no. 1990/1290/12a),Badenian [Spiroplectammina

Zone], apertural and apical views. 5a-b: lectotype, pyritic cast, Wieliczka, NHMW-GP (registr. no. 1867.VII.42),

Badenian [Wielician], apertural and apical views. 6a-b: pyritic cast, Diethaming 1 (890 m), NHMW-GP (registr. no.

1990/1317/7),Egerian [Upper Puchkirchen Group], apertural and apical views.

Figs 7, 8. Limacina cf. valvatina (Reuss, 1867).
7a-b: pyritic cast, Diethaming 1 (890 m), NHMW-GP (registr. no. 1990/1317/8a),Egerian [Upper Puchkirchen Group],

apertural and apical views. 8a-b: pyritic cast, Diethaming 1 (900 m), NHMW-GP (registr. no. 1990/1317/10a),Egerian

[Upper Puchkirchen Group], apertural and apical views.

Table 4. Dimensions of Limacina hospes.

n = 12 min. max. R J holotype

H 0,232 0,741 0,509 0,412 0,950

W 0,313 1,000 0,687 0,575 1,210

H/W 0,588 0,811 0,223 0,711 0,790
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v. 1972 Spiratella kautskyi Janssen, p. 63, figs 41a-b,pi. 11, fig.

lla-b.

. 1972 (?) Spiratella miorostralis (Kautzky, 1925) Nordsieck,

p. 125, pi. 32, fig. 220.

v. 1975 Spiratella andrusovi andrusovi (Kittl) Steininger et al.,

pp. 16, 61, tab. 1.
? 1981 Spiratella andrussowi (Kittl) Krach, p. 128, pi. 3, fig.

15a-b; pi. 5, fig. 14a-b.

.

1984 aLimacina miorostralis (Kautsky, 1925) A.W.Janssen,

p. 381, pi. 20, figs 3a-b, 4a-b.

. 1986 Spiratella miorostralis A.W.Janssen, fig. 3.

Material — Late Oligocene, Early Miocene:

Egerian -
LPG: Eggelsberg 1, 2060-2062m (1 specimen), coll.

NHMW-GP (registr. no. 1990/1319/6).
— Karpatian [Laaer Formation] -

Laa an der Thaya, Wienerber-

ger claypit (former Brandhuber claypit), coll. NHMW-GP (leg.

Rogl, 1967, registr. no. 1990/1316/3-16), 2/1/0,25-0,5m (1 speci-

men), 4/1/0,75-1,0m (11 specimens), 5/1/1,00-1,25m (10 speci-

mens), 7/1/1,5-1,75m (4 specimens), 9/1/2,0-2,25m (4 specimens),

11/1/2,50-2,75m (8 specimens), 15/1/3,5-4m (1 specimen),

III/0,2-0,3m (1 specimen), III/0,5-0,6m (1 specimen),

III/0,6-0,7m (8 specimens), III/0,8-0,9m (12 specimens),

III/0,9-l,0m (18 specimens), III/1,0-1,1m (1 specimen),

III/1,1-1,2m (9 specimens); coll. NHMW-GP (leg. Rogl, 1966:

registr. no. 1990/1316/17,5 specimens); coll. NHMW-GP (registr.

no. 1990/1315/1, 5 specimens).

Description — The available shells show a maximum

of two whorls but the species may reach slightly

more than three whorls (von Koenen, 1883;

Kautsky, 1925; A.W. Janssen, 1984a). The shell

width is c 1/3 in excess of its height. The first 1V2

whorls are faintly trochospiral and increase rapidly

in width. After that the increase is even more rapid

and the whorl height grows to such an extent that

the whorl is in the same plane as the preceding
whorl and then projects above it. The large body

whorl, which is not preserved in any of the Austrian

specimens, would even project above the apex. The

aperture is large and near-circular and would in

completely adult stage be more oval to semispheri-

cal and show a typical rostrum, which proceeds

from the lower half of the apertural margin. The

umbilicus is narrow. Growth lines may occasionally

be observed. The specimens are often preserved as

pyritic casts.

Dimensions — See Table 5 and Fig. 5.

Remarks — Limacina miorostralis is remarkably similar

to the Recent L. inflata (d'Orbigny, 1836). Von Koe-

nen (1883) considered the Miocene form conspecific

with the Recent one, which he mentioned under the

junior synonym Spirialis rostralis Eydoux & Souleyet,

1840. However, he pointed out not having seen

Recent comparative material. In L. inflata, unlike L.

miorostralis, the first whorl does not project above the

second. Only the protoconch may project above the

whorl spire. In addition, the umbilicus in L. mioros-

tralis is slightly wider than in L. inflata and the

rostrum shorter, which would be, at least in part, a

matter of preservation of the fossil species. In L.

inflata the rostrum proceeds also from the lower half

of the apertural margin. Furthermore, Limacina mio-

rostralis has a lesser H/W ratio, it is slightly wider

than the modern species and the whorls increase

more rapidly, but whorl height is less. The upper

apertural margin in L. miorostralis rises higher above

Fig. 5. Height/width (H/W) ratios of Limacina miorostralis and L.

cf. inflata.

PLATE 2

Figs 1-7. Limacina hospes Rolle, 1861.

1a-b, 5a-b: pyritic casts, Eggelsberg 1 (2110-2112 m), NHMW-GP (registr. no. 1990/1319/9a), Egerian [Lower

Puchkirchen Group], apertural and apical views. 2a-b: pyritic cast, Schallerbach 2 (380 m), NHMW-GP (registr. no.

1990/1328/5a), Egerian [Lower Puchkirchen Group], apertural and apical views. 3a-b: pyritic cast, Schallerbach 2 (370

m), NHMW-GP (registr. no. 1990/1328/3, Egerian [Lower Puchkirchen Group], apertural and apical views. 4a-b:

pyritic cast, Friedburg 1 (2160-2162 m), NHMW-GP (registr. no. 1990/1320/6), Egerian [Lower Puchkirchen Group],

apertural and apical views. 6a-b: pyritic cast, Friedburg 1 (2120-2122 m), NHMW-GP (registr. no. 1990/1320/4),

Egerian [Lower Puchkirchen Group], apertural and apical views. 7a-d: holotype, Mecklenburg, NHMW-GP (registr. no.

1859.XIII.233), Chattian, Sternberger Gestein, apertural, apical, lateral, and umbilical views.

Table 5. Dimensions of Limacina miorostralis.

omIIc min. max. R X s V

H 0,152 0,518 0,366 0,260 0,083 31,808

W 0,223 0,679 0,456 0,379 0,122 32,238

H/W 0,575 0,828 0,253 0,689 0,062 9,006
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the last whorl and is wider, the aperture is more

extended at the columellar side. Additionally, the

whorls cover more of the preceding ones in L. inflata.

A very similar form is also the Middle Miocene L.

elevata Collins, 1934, which its author considered

distinct from L. inflata on account of its near-flat

spire and less convex whorls. Limacina zibinica (Dieci,

1961) is a form with rapidly expanding whorl width

as well, but the height appears less and the aperture

is apparently shaped differently. This is not clearly

visible from Dieci's illustration.

The name L. miorostralis is here used for the first

time for Paratethys material. There were earlier

finds in Austria, but these specimens were invaria-

bly referred to as L. andrussowi (Kittl, 1886) (see

Rogl, 1967; Ctyroky et al., 1968; Papp et al., 1970;

Steininger et al., 1975). Limacina andrussowi should be

removed from the Austrian faunal list. Krach (1981,

p. 128, pi. 3, fig. 15a-b, pi. 5, fig. 14a-b) also illustra-

ted under this name a form from Poland, which is

presumably conspecific with L. miorostralis as well.

Limacina miorostralis differs markedly from L. andrus-

sowi: the whorls in the latter species increase very

regularly and slowly in width and are less convex.

The upper side of the spire is generally flat and the

last whorl does never project above the preceding

whorls. The spire may be elevated in many speci-

mens and resemble that of L. valvatina. Moreover,

the H/W ratio exceeds that of L. miorostralis.

The specimen from the Lower Puchkirchen

Group is the oldest find of L. miorostralis to date. It is

quite possible that L. cf. inflata from the Early Oligo-

cene of Mississippi (MacNeil & Dockery, 1984, p.

244, pi. 65, fig. 13) may be referred here as well.

Unfortunately, these authors did not illustrate an

apical view.

Extra-Austrian distribution — North Sea Basin: Bel-

gium [Miocene, Hemmoorian], Germany [Mio-

cene, Hemmoorian], Denmark [Miocene, Hem-

moorian], The Netherlands [Miocene, Hemmoor-

ian and Reinbekian].

Limacina cf. inflata (d’Orbigny, 1836)

PI. 3, Figs 5-8; PI. 11, Fig. 3

* 1836 Atlanta inflata d'Orbigny, p. 174, pi. 12, figs 16-19.

1934 Limacina inflata (d'Orbigny) — Collins, p. 179 [partim\,

pi. 7, figs 3-6.

1979 Spiratella inflata volhinica Stancu, p. 1389, 1390 (nom.

nud.).
1979 Spiratella inflata (d'Orbigny, 1836) — d'Alessandro et

at., p. 82, pi. 15, fig. 1 la-b.

? 1984 Limacina cf. L. inflata (d'Orbigny) — MacNeil & Doc-

kery, p. 244, pi. 65, fig. 13.

. 1990b Limacina inflata (d'Orbigny, 1836)
— A.W. Janssen, pi.

2, figs 5-7, pi. 3, fig. 11.

(In addition to the first description only those cita-

tions that refer to Oligocene and Miocene occur-

rences are listed above).

Material — Miocene:

— Early Sarmatian: Aderklaa 82, 1040m (2 specimens), coll.

NHMW-GP (registr. no. 1990/1290/1), Aderklaa 92, coll.

NHMW-GP (registr. no. 1990/1296/1-4), 1120m (1 specimen),

1150m (1 specimen), 1170m (1 specimen), 1280m (1 specimen).

Description — The juvenile specimens, preserved as

pyritic casts, show a nearly planispiral shell with a

maximum of 1 x/\ whorls. The whorl width increases

rapidly. In the largest specimens it may be seen that

the protoconch projects a little above the first whorl.

At the start of the second whorl the highest part is

PLATE 3

Figs 1-4. Limacina miorostralis (Kautsky, 1925).

1a-b, 2a-b, 4a-b, Laa an der Thaya, NHMW-GP (registr. no. 1990/1316/5a),Karpatian [LaaerFormation], apertural

and apical views. 3a-b: pyritic cast, Eggelsberg 1 (2060-2062 m), NHMW-GP (registr. no. 1990/ 1319/6),Egerian [Lower

Puchkirchen Group], apertural and apical views.

Figs 5-8. Limacina cf. inflata (d’Orbigny, 1836).

5a-b: pyritic cast, Aderklaa 92 (1150 m), NHMW-GP (registr. no. 1990/1296/2),Early Sarmatian, apertural and apical

views. 6a-b: pyritic cast, Aderklaa 92 (1280 m), NHMW-GP (registr. no. 1990/1296/4),Early Sarmatian, apertural and

apical views. 7a-b: pyritic cast, Aderklaa 92 (1170 m), NHMW-GP (registr. no. 1990/1296/3), Early Sarmatian,

apertural and apical views. 8a-b: pyritic cast, Aderklaa 82 (1040 m), NHMW-GP (registr. no. 1990/1290/1), Early

Sarmatian, apertural and apical views.

Figs 9-12. Limacina umbilicata (Bornemann, 1855).

9a-b: pyritic cast, Puchkirchen 2 (2550-2552 m), NHMW-GP (registr. no. 1990/1326/6a), Kiscellian [Tonmergel

Formation], apertural and apical views. 10a-b: pyritic cast, Puchkirchen 2 (2500-2502 m), NHMW-GP (registr. no.

1990/1326/2a), Kiscellian [Tonmergel Formation], apertural and apical views, 11a-b: pyritic cast, Puchkirchen 2

(2540-2542 m), NHMW-GP (registr. no. 1990/1326/5a),Kiscellian [Tonmergel Formation], apertural and apical views.

12a-b: pyritic cast, Oberhofen 1 (4210 m), NHMW-GP (registr. no. 1990/1322/10a), Egerian [Lower Puchkirchen

Group]/[Kiscellian, Tonmergel Formation], apertural and apical views.
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on the level of the protoconch again. The aperture

is oval and occupies nearly half the width of the

shell, whose height corresponds to 2/3 of the width.

Dimensions — See Table 6.

Remarks — As far as shell habit is concerned there

are similarities to L. inflata and L. miorostralis. As only

the protoconch projects above the first whorl and

the whorls cover each other in a similar fashion as

they do in L. inflata, these specimens might well be

L. inflata. The fact that only juvenile pyritic casts are

available and the morphology of the sunken apex

cannot be appreciated, these have to be referred to

as L. cf. inflata.

These are the first tentative Austrian specimens.

As to the remaining Paratethys, Stancu (1979, pp.

1389, 1390) recorded in addition to six accompa-

nying species from the Volhynian of Rumania L.

inflata volhinica Stancu, but without description or

illustration ( nomen nudum). This may possibly be the

same species. The specimen from the Dominican

Republic described as L. inflata by Collins (1934, pi.

7, figs 7, 8) was found not to be that species (A.W.

Janssen, 1990b), on account of its weak

microsculpture.
Extra-Austrian distribution — Paratethys: Rumania

[Middle Miocene, Sarmatian (Volhynian)]. Medi-

terranean area: Italy [Middle Miocene], Turkey

[Middle Miocene], Other areas: Mexico [Middle

Miocene], ? U.S.A. [Early Oligocene], Australia

[Miocene, Balcombian-Bairnsdalian (corresponding

to Late Burdigalian-Serravallian)]. The species is

also widely distributed in Quaternary sediments and

its present-day distribution comprises all tropical

and subtropical seas, e.g. also the Mediterranean,

especially the western part (Be & Gilmer, 1977, p.

lib).

Limacina umbilicata (Bornemann, 1855)

PL 3, Figs 9-12; PI. 10, Figs 3, 4

* 1855 Valvatina umbilicata Bornemann, p. 319, pi. 12, fig. 5a-

c.

. 1868 Valvatina umbilicata Bornem. —von Koenen, p. 223, pi.

27, fig. la-h.

1886 Valvatina umbilicata Bornem. — Koch, p. 135.

1928 Spirialis umbilicata (Bornemann)— Zinndorf, p. 53, pi.

3, fig. 4a-c (copied from Bornemann).

1953 Spirialis umbilicata Born. —
Voicu, p.

230.

1953 Spirialis cf. umbilicata Born. — Voicu, p. 235.

1964 Valvatina umbilicata — Gheorghian & Gheorghian, p.

179.

1964 Spiratella umbilicata (Bornemann) — Langer, p. 733.

. 1964 Spiratella umbilicata (Bornemann, 1855) — Tembrock,

p. 320, pi. 3, fig. la-d.

.

1966 Spiratella (Valvatina) umbilicata — Korobkov, p. 86, pi.

3, figs 1-5 (figs 1-3 copied from Bornemann).

1967 Spirialis umbilicata (Bornemann) — Gheorghian et al.,

pp. 10, 15.

. 1975 Spiratella umbilicata (Bornemann, 1855) — van den

Bosch et al., pi. 4, fig. 10.

. 1986 Spiratella umbilicata — A.W. Janssen, fig. 2.

1988 Limacina umbilicata — A.W. Janssen & King, figs 188,

194-197, 203, 206.

Material — Late Eocene-Late Oligocene:
— Priabonian: Puchkirchen 2, coll. NHMW-GP (registr. no.

1990/1326/10, 11), 2600-2602m (5 specimens), 2610-2612m (21

specimens).
- Kiscellian: Puchkirchen 2, coll. NHMW-GP (registr. no.

1990/1326/1-9),TMF: 2490-2492m (6 specimens), 2500-2502m

(2 specimens), 2510-2512m (6 specimens), 2530-2532m (6 speci-

mens), 2540-2542m (14 specimens), 2550-2552m (20 specimens),

2560-2562m (4 specimens), Bandermergel Formation:

2570-2572m (1 specimen), Fischschiefer Formation:

2590-2592m (2 specimens); Puchkirchen 3, coll. NHMW-GP

(registr. no. 1990/1327/1, 2), Kl/2610-2628,5m (1 specimen),

K3/2647-2665,5m(1 specimen); Oberhofen 1, coll. NHMW-GP

(registr. no. 1990/1322/4,5), TMF: 2690m (1 specimen), 2720m

(1 specimen).

— Kiscellian/Egerian: Oberhofen 1, coll. NHMW-GP (registr.

no. 1990/1322/1-3,6, 8, 10, 12), TMF/LPG: 2530m (1 speci-

men), 2570m (1 specimen), 2670m (1 specimen), 4150m (1 speci-

men), 4200m (4 specimens), 4210m (4 specimens), 4220m

(8 specimens).

— Egerian -
LPG: Eggelsberg 1, coll. NHMW-GP (registr. no.

1990/1319/11, 13), 2120-2122m (1 specimen), 2130-2132m (1

specimen); Schallerbach 2, coll. NHMW-GP (registr. no.

1990/1328/1), 340m (1 specimen); Weizberg 1, coll. NHMW-

GP (registr. no. 1990/1330/1), 1800m (1 specimen).

Description — The spire is flat to slightly elevated, in

the latter case forming an extremely obtuse angle.

The whorls increase slowly and regularly in width

and show deep sutures. In older specimens the last

whorl is slightly angular adapically and shows a

tendency to develop a shoulder. There is a maxi-

mum of 3'/2 whorls. The aperture is rounded-

semispherical to narrow-oval. Its width is half the

height. The height of the entire shell equals 3A its

width. The H/W ratio is equal in juvenile and adult

specimens. The umbilicus is generally filled in, but

would be narrow.

Dimensions — See Table 7 and Fig. 6.

Remarks — All specimens at hand are preserved as

pyritic casts. If shell were preserved the aperture

would be strongly extended abapically (van den

Table 6. Dimensions of Limacina cf. inflata.

n= 5 min. max. R X

H 0,188 0,259 0,071 0,211

W 0,268 0,455 0,187 0,341

H/W 0,549 0,731 0,182 0,627
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Bosch et al., 1975, pi. 4, fig. 10), which is why the

H/W ratio would increase.

Von Koenen (1868) recorded up to five whorls

and described the last whorl as elevated. This ten-

dency is in the Austrian material but indicated in

the largest specimen (PL 3, Fig. 12). Here the fourth

whorl projects slightly above the third.

Limacina andrussowi (Kittl, 1886) is rather similar

to L. umbilicata, especially when young specimens

are compared. However, with larger individuals it

becomes apparent that the increase in whorl in the

former species is more rapid and that a shoulder

never forms. The H/W ratio of the lectotype

(H=0.670 mm, W=0.946 mm, H/W=0.708) corres-

ponds, however, roughly with the mean for the

specimens of L. umbilicata measured.

Korobkov (1966) divided L. umbilicata into two

species; L. pseudoumbilicata should comprise all speci-

mens that develop a keel.

MacNeil & Dockery (1984, pi. 66, figs 1-5) illu-

strated Limacina sp. from the Early Oligocene of

Mississippi, which could well be conspecific with

Austrian finds. Limacina umbilicata is here recorded

from the Austrian Tertiary for the first time.

Extra-Austrian distribution — Paratethys: Rumania

[Miocene, Late Egerian-Early Eggenburgian],
Soviet Union [Oligocene, Rupelian], North Sea

Basin: Belgium [Oligocene, Rupelian], Germany

[Oligocene, Rupelian], The Netherlands [Oligo-

cene, Rupelian].

Limacina sp. 1

PL 4, Figs 1, 2

Material— Eocene:

— Priabonian: Puchkirchen 2, 2610-2612m (2 specimens), coll.

NHMW-GP (registr. no. 1990/1326/12).

Description — The specimens are preserved exclusi-

vely as pyritic casts. The shell shows c 2 '/a whorls.

The first two whorls increase in width slowly, the

last whorl rapidly in width and height and occupies

nearly the entire shell height. The width of the shell

slightly exceeds its height. The spire shows a very

obtuse angle. The aperture is large and oval and

attaches above the periphery of the preceding

whorl. On account of the preservation it cannot be

decided whether a narrow umbilicus was present or

absent.

Dimensions — See Table 8.

Remarks — During the Eocene Limacinidae with a

depressed spire and a large last whorl did occur, but

these have a less narrow umbilicus and other diffe-

rential features. These are: L. pygmaea (Lamarck,

1804) and L. auriformis (Curry, 1981), both from the

French Eocene (Curry, 1981) and L. korobkovi (Tem-

brock, 1989) from the Late Eocene of the Priaral.

Limacinidae without umbilicus are extremely rare;

a few examples are the fossil species Plotophysops

bearnensis Curry, 1981, P. multispira Curry, 1981 and

Limacina elongatoidea (Aldrich, 1887) (see Collins,

1934, p. 178). All three species are high trochospi-
ral. Amongst Recent species Limacina bulimoides

(d'Orbigny, 1836) is the only form with an extre-

mely narrow umbilicus.

The increase in whorl diameter of Limacina sp. 1

and its entire habit are similar to L. hospes, but the

umbilical morphology suffices to tell them apart.

Limacina sp. 2

PL 4, Figs 3, 4

Material — Oligocene:
—

Kiscellian, NP 22: Ottenthal, coll. PI (leg. Braunstein, registr.

no. 2710), coll. GBA (leg. Stradner, registr. no. 1990/7/1).

Description — The shell is discoidal and shows a

slightly sunken, concave spire. The whorls increase

slowly at first, then rapidly in width and height. The

umbilicus and aperture are not visible, because ofFig. 6. Height/width (H/W) ratio ofLimacina umbilicata.

Table 7. Dimensions of Limacina umbilicata.

Table 8. Dimensions ofLimacina sp. 1.

3 II Ln © min. max. R X s V

H 0,157 0,911 0,754 0,367 0,159 43,361

W 0,257 1,339 1,082 0,533 0,227 42,665

H/W 0,591 0,822 0,231 0,690 0,044 6,418

H 0,545 0,357

W 0,616 0,473

H/W 0,885 0,755

A 128° 133,5°
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poor preservation. All specimens are embedded in

sediment and more or less crushed.

Dimensions — The largest width measurable is 1.4

mm.

Remarks — Many specimens may well have been

larger than stated above, as very high and wide

whorls can be recognised in sediment samples.

Attempts at preparation of specimens were unfortu-

nately unsuccessful because of the extreme fragility

of the shells.

There is a certain resemblance to L. jessyae A.W.

Janssen, 1989 from the Rupelian-Latdorfian of

Denmark and The Netherlands, which has a very

depressed, planorboid shell with concave spire. Its

umbilicus is extremely wide and closely resembles

the spire. Its whorls, however, increase less rapidly

and substantially more regularly in width.

This find represents a mass occurrence of Lima-

cina. In coeval strata similar Limacina levels occur in

Hungary in the Tard Clay (Baldi, 1984). Already

Lorenthey (1903b) recorded a marl with pteropods

from the surroundings of Budapest, which forms

'ein gut charakteristisches und leicht erkennbares

Niveau'. He described the form as Planorbis-like,

with depressed apex and partially covered whorls

and proposed the name Valvatella oligocaenica. Valva-

tella is a junior synonym of Limacina. Lorenthey also

pointed out the poor state of preservation. Baldi

(1986, pi. 1, figs 3, 4) figured specimens from the

Tard Clay; in his fig. 3 an apparently dextral gastro-

pod shell is depicted. Should this prove to be a

Limacina, the umbilical side is up, as this genus is

sinistral. In the Austrian specimens the umbilical

side is unfortunately not visible.

Limacina sp. 3

PI. 4, Fig. 5

Material — Oligocene:

Egerian, Lower Puchkirchen Group: Diethaming 1, 970m (1

specimen), coll. NHMW-GP (registr. no. 1990/1317/14).

Description — The only pyritic cast available is

almost as wide as high, slightly crushed and com-

prises 3'A whorls. The spire is elevated. The first

two whorls are equally wide, the last, however, is

comparatively very wide and high. It shows distinct

growth lines, which are preserved as impressions.

The aperture is also partially crushed; it would have

attached at the periphery of the preceding whorl

and been obliquely oval. The umbilicus is narrow.

Dimensions — H= 1,257mm, W= 1,314mm, H/W

=0,957.

Remarks — The first two whorls resemble L. valva-

tina, but in that species all whorls increase more

regularly in width. This specimen might represent a

new species.

Familia Creseiidae Rampal, 1973

Genus Creseis Rang, 1828

Diagnosis — Shell straight, needle-shaped to strongly

horn-shaped with dorsal curvature, regularly coni-

cal or shell diameter in the older part slowly increa-

sing or not increasing at all. Cross section and aper-

ture circular, without lateral carinae, rarely with

transverse ornamentation. Separation of proto-

PLATE 4

Figs 1, 2. Limacina sp. 1.

Pyritic cast, Puchkirchen 2 (2610-2612 m), NHMW-GP (registr. no. 1990/1326/12), Priabonian,apertural and apical
views.

Figs 3, 4. Limacina sp. 2.

Ottenthal, GBA (registr. no. 1990/7/1), Kiscellian, nannoplankton zone NP 22, apical view.

Fig. 5. Limacina sp. 3.

Pyritic cast, Diethaming 1 (970 m), NHMW-GP (registr. no. 1990/1317/14), Egerian [Lower Puchkirchen Group],

apertural and apical views.

Fig. 6. Limacina tarchanensis (Kittl, 1886).

Lectotype, Soviet Union, Crimea, between Cap Tarchan and Cap Chronevi, NHMW-GP (registr. no. 1990/1332/1),

Badenian, apertural and apical views.

Fig. 7. Characters of the genus Creseis.

A — entire shell

B — protoconch.
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conch from teleoconch distinct to barely visible.

Larval shell often formed as bulb upon the rounded

embryonic shell.

Type species — Creseis virgula Rang, 1828.

Stratigraphical range
— Late Eocene-Recent.

Creseis spina (Reuss, 1867)

PI. 5, Figs 1-6, 13-18, 21; PI. 12, Figs 2

*v 1867 Cl. spina Reuss, p. 145, pi. 6, fig. 9.

1883 Cleodora spina Rss. — Niedzwiedzki, p. 392.

v. 1886 Creseis (?) spina (Reuss) — KitU, p. 51.

? 1921 Creseis spina Reuss —
Checchia-Rispoli, p. 8, fig.

2, 2a.

1955 Cleodora spina Rss. — Luczkowska, p. 83.

non 1968 Creseis spina Reuss, 1867 — Sirna, p. 420, fig. 5.

non 1979 Creseis spina Reuss, 1867 — d'Alessandro et al., p.

84, pi. 16, figs 1-4.

1980 Cleodora spina Reuss
—

Moisescu & Popescu, p.

217.

v. 1984b Cleodora (Creseis) spina Reuss, 1867 — A.W.Jans-

sen, p. 66, pi. 1, figs la-b, 2a-b.

Material — Miocene:

- Badenian, BBZ: Wienerberger claypit: Walbersdorf, coll.

NHMW-GP (leg. Steininger & Rogl, sample no. 430/Z, registr.

no. 1990/1312/2;25 protoconchs and a number of specimens in

sediment); Marzer Kogel (reworked in Sarmatian), coll.

NHMW-GP (leg. Rogl, 1976, registr. no. 1990/1313/2; 1

specimen).

Description
—

The teleoconchs (PI. 5, Figs 16-18, 21;

PL 12, Fig. 2) are slender, straight to slightly curved

posteriorly and increasing in width gradually from

apex to aperture. The apical angle is c 10°. The

length reaches c 5 mmand the width 1 mm. There is

no ornamentation. The cross section of the adult

shell is circular over its entire length, which can only

be seen in a specimen from Marzer Kogel (PI. 5,

Fig. 21), which is a pyritic cast. The specimens from

Walbersdorfare crushed to such an extent that the

cross section is preserved only just beyond the pro-

toconch (PI. 12, Fig. 2c). The aperture cannot be

reconstructed, but will probably have been circular,

just as in Recent species.

The well-preserved protoconchs (PI. 5, Figs 1-6,

15; PI. 12, Fig. 2) are also rotation-symmetrical.

They are clearly separated from the teleoconch and

represent elongated bulbs (larval shell), starting with

a narrow, elongated, rounded tip, whose posterior
end (embryonic shell) is very slightly bulbous in

some specimens (PL 5, Fig. 2). In SEM it is seen that

in one specimen there is on both sides of the proto-

conch a weak ridge, which starts at the onset of the

larval phase and ends with it (PI. 12, Fig. 2b). All

other specimens are perfectly smooth. Growth lines

are visible in SEM on larval and adult shells.

Dimensions — See Tables 9, 10.

Remarks — The protoconchs correspond to those

described by Reuss (1867) as Cleodora (Creseis) spina,

which, unfortunately, are preserved as pyritic casts

(PI. 5, Figs 13, 14). Their teleoconch dimensions

differ somewhat. The apical angle is slightly greater

and the base of the teleoconch wider. These diffe-

rences are considered unimportant, as there are

variations within the material from Walbersdorf as

well. The specimen illustrated in Plate 5, Figure 1

shows near-parallel sides.

For the measurement of the various protoconch

dimensions a varying number of individuals was

used as most specimens are fragmentary (which is

the reason why in Table 11 no numbers are given).

Stancu (1978, p. 338) assigned Creseis spina to the

genus Styliola. She remarked that Kittl (1886, p. 51)

was not confident of the generic assignment either.

Kittl had five specimens before him from Reuss's

material and identified by him as Cleodora (Creseis)

spina and Cleodora (Creseis) subulata. The latter is a

synonym of the Recent Styliola subula (Quoy & Gai-

mard, 1827) (see van der Spoel, 1967, p. 63). Stancu

remarked that Reuss's Cleodora (C.) spina lacked the

protoconch. However, Reuss's fig. 9 (on pi. 6) does

show the protoconch, and two original specimens

surviving do so as well. It is quite possible that

Stancu did examine the original material at Vienna,

since A.W. Janssen (1984b, pp. 66, 67) pointed out

that the samples of C. spina and C. subulata had been

inadvertently switched. The specimens of C. subulata

Table 9. Protoconch dimensions and apical angles of Creseis

spina.

Table 10. Protoconch dimensions and apical angles ofthe type

material of Creseis spina.

min. max. R X s V

IP 0,429 0,482 0,053 0,456 0,018 3,888

wE 0,056 0,071 0,015 0,066 0,004 6,607

wL 0,143 0,170 0,027 0,154 0,008 5,000

wC 0,112 0,141 0,029 0,128 0,008 5,997

lP/wL 2,835 3,259 0,424 2,998 0,141 4,691

wL/wE 2,148 2,714 0,566 2,394 0,165 0,027

A 6° 11,5° 5,5° 9,125° 2,323 25,456°

lectotype paralectotype

IP 0,455 0,464

wE 0,071 0,071

wL 0,163 0,170

wC 0,154 0,152

lP/wL 2,791 2,729

wL/wE 2,296 2,394

A 12° 14,5°



111

lack protoconchs; as they are very much deteriora-

ted a proper placement is impossible. It seems to me

that both forms are conspecific, as Kittl, Checchia-

Rispoli (1921, p. 8) and Sirna (1968, p. 420) consi-

dered likely. Why Kittl interpreted the specimens of

C. subulata to be embryonic shells remains a matter

of conjecture. The doubts expressed by A.W.Jans-

sen (1984b) over such an association are such that

Reuss described the specimens of S. subula as 'unten

scharf zugespitzt' and that they show a larger apical

angle. That a species may be described as pointed

and in fact only the protoconch is broken off has

already been demonstrated with Vaginella depressa

(see A.W. Janssen, 1985, p. 200). In any case, all

specimens lack the oblique ridge dorsally which is

typical for Styliola.
In comparison with Recent species C. spina is

close to Creseis chierchiae (Boas, 1886) formaconstricta

Chen & Be, 1964 as far as the protoconch is concer-

ned (PI. 5, Figs 7-12, 22; PI. 12, Fig. 1). This forma

represents smooth variants of C. chierchiae (see A.W.

Janssen, 1990b), which, however, show larger apical

angles (20°) and a shorter teleoconch than C. spina.

A.W. Janssen (1990b, pi. 5, figs 1-4; pi. 12, fig. la-b)

described f. cf. chierchiae from the Australian Early

and Middle Miocene and gave protoconch dimen-

sions of this and Recent f. constricta. The Miocene

specimens show larger dimensions. The values for

the Austrian specimens of C. spina are between both

groups, but are markedly closer to the Recent speci-

mens. My own measurements on C. chierchiae forma

constricta confirm the strong resemblance between

this species and C. spina. The former shows, howe-

ver, more variation in protoconch proportions. The

larval shell may appear hardly swollen; in such a

case the protoconch is also longer (PI. 5, Figs 11,

12).

Amongst fossil forms C. hastata (Meyer, 1886) is

very close to C. spina (see Creseis sp. 1). In the Para-

tethys, apart from C. spina, only C. olteanui Stancu,

1978 occurs (in the Rumanian Early Badenian).

This species is easily separated from C. spina: it is, es-

pecially anteriorly, transversely ribbed and the pro-

toconch shows a larger lP/wL ratio. The larval shell

attaches to the embryonic shell without a special

swelling. Creseis borodiana Pauca, 1969 and C. fuchsi

Kittl, 1886 are no pteropods, but proved to belong

to freshwater species of the genus Orygoceras Brusina,

1882 (see Stancu, 1978, p. 338; Lorenthey, 1903a).

Krach (1981, p. 123, pi. 1, fig. 14; pi. 6, figs 9, 10)

illustrated Vaginella lapugyensis Kittl, 1886 from the

Badenian of Poland, which resembles C. spina (see

also A.W. Janssen, 1984b, p. 67) and is in need of a

direct comparison.
D'Alessandro & Robba (1980, p. 627) referred

the specimens of Sirna (1968) and d'Alessandro et al.

(1979) from San Nicola Varano to the slender V.

lapugyensis Kittl, 1886, as the specimens display the

characteristic lateral carinae, which never occur in

Creseis. It is possible that Checchia-Rispoli's (1921)

specimens belong to L. lapugyensis as well, which

would imply that C. spina was restricted to the

Paratethys.

An occurrence in the same stratigraphic level as

Walbersdorf in the Czechoslowakian part of the

Vienna Basin is implied from Toula (1900, p. 17),

who recorded V. lapugyensis from Neudorf an der

March (now Devinska Nova Ves), although the des-

cription of the protoconch matches C. spina better.

After repeated examination of the handwritten label

of the material from Neudorfl, which was initially

considered to belong to the locality of the same

name in the Burgenland (Zorn, in press), I have to

refer this sample which yielded C. spina to the

Czechoslowakian claypit of Neudorf.

This is the first record of C. spina, and in fact of

the genus Creseis, from Austria.

Extra-Austrian distribution — Paratethys: Middle Mio-

cene: Poland [Badenian, Wielician], Rumania

[Badenian, Wielician], Mediterraneanarea: ? Italy

[Middle Miocene],

Creseis sp. 1

PI. 5, Figs 19, 20

Material — Oligocene:
Egerian, Lower Puchkirchen Group: Treubach 1,

K4/1502-1506m (2 specimens), coll. NHMW-GP (registr. no.

1990/1329/1).

Description — These are pyritic casts of a protoconch

with the youngest part of the teleoconch and a

posterior fragment of the adult shell. The proto-

conch resembles that of C. spina, in that it is also

distinctly separated from the teleoconch, but it is

Table 11. Protoconch dimensions and apical angles of Creseis

chierchiae forma constricta.

n= 6 min. max. R X

IP 0,381 0,482 0,101 0,425

wE 0,058 0,065 0,007 0,063

wL 0,125 0,155 0,030 0,138

wC 0,116 0,143 0,027 0,127

lP/wL 2,458 3,795 1,337 3,111

wL/wE 2,016 2,385 0,369 2,199

A 17,5° 22° 4,5° 19,833°
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more voluminous. The tip is broken off. The adult

shell is, just as in C. spina, narrow, conical and with

circular cross section. But here again the larger

dimensions must be noted. The junction with the

teleoconch is substantially wider.

Dimensions — Protoconch, wL—0,192 mm, wPT=

0,179 mm, angle of the teleoconch junction=15°,

teleoconch, A=13°.

Remarks — Specimens resembling C. spina were

recorded by A.W. Janssen (1984b, p. 67) from the

Oligocene and Miocene of the Aquitaine Basin

(France), but these are stated to have smaller apical

angles. These specimens and material from the Plio-

cene are also described as similar to C. chierchiae (see

A.W. Janssen, 1990b).

Lozouet & Maestrati (1982, p. 183, fig. 8) recor-

ded C. hastata (Meyer, 1886) from the Stampian of

the Aquitaine Basin (Gaas). Their figure shows a

strong resemblance between this species and C.

spina, especially in its posterior third. The Austrian

specimens of C. spina are unfortunately badly

crushed in their upper two thirds. This may account

for the fact why they appear wider than C. hastata.

The latter species occurs also in the Early Oligocene

(Meyer, 1886, p. 78, pi. 3, fig. 11; MacNeil & Doc-

kery, 1984, p. 243, pi. 66, figs 6-13, 15-18) and the

Late Eocene of Mississippi (Collins, 1934, p. 204, pi.

9, fig. 1; pi. 13, figs 1, 2). It may be conspecific with

our Late Oligocene specimens. Curry (1981, p. 43,

pi. 1, fig. 14a-e) recorded C. cf. hastata from the

Early and Late Eocene of SW France.

Familia Cavoliniidae Fischer, 1883

Subfamilia Cavoliniinae van der Spoel, 1967

Cenus Clio Linne, 1767

Diagnosis — Shell with more or less triangular cross

section, dorsoventrally flattened, largest width at

the aperture, strong lateral keels, aperture and cross

section lenticular to triangular, generally with a few

longitudinal ribs with varying numbers on dorsal

and ventral sides, often transversely ribbed, occasio-

nally with spines at the aperture. Protoconch oval to

spherical and in some species with distinct tip,

otherwise rounded.

Type species — Clio pyramidata Linne, 1767.

Stratigraphical range
— Late Eocene-Recent.

Clio triplicata Audenino, 1896

PI. 8, Fig. 7-9; PI. 13, Fig. 3-8

* 1896 Clio triplicata Audenino, p. 106, pi. 5, fig. 4a-e.

1900 Clio triplicata Aud. — Verri & de Angelis

d'Ossat, p. 271.

. 1904 Cleodora triplicata (Aud.) — Sacco, p. 13, pi. 4,

fig. a-e (copied from Audenino).

. 1905 C. trigona, Seguenza — Bellini, p. 37 [partim\,

figs 31, 32.

v. 1924 Balantium. — Abel, p. 186, fig. 274.

v. 1968 Clio cf. triplicata Audenino, 1897 — Ctyroky, p.

95, figs 1, 2, pi. 1, figs 1-6.

v. 1968 Clio cf. triplicata Audenino — Ctyroky et al., p.

133, pi. 4, fig. 14.

.

1972 Clio triplicata Audenino, 1899 — Robba, p. 496,

pi. 58, figs 12, 13; pi. 59, figs 1-7.

Fig. 8. Characters of the genusClio.

A, B — dorsal and lateral views of entire shell,

respectively
C — protoconch.

PLATE 5

Figs 1-6, 13-18, 21. Creseis spina (Reuss, 1867).

1-6, 15-18: Walbersdorf, NHMW-GP (registr. no. 1990/1312/1-2), Badenian [Bulimina-Bolivina Zone], 1-6,

and 15 are protoconchs, 16-18 are entire shells. 13, 14: Wieliczka, Poland, NHMW-GP (registr. no.

1867.VII.40),Badenian [Wielician], 13 is the lectotype, 14 is the only paralectotype. 21a-b: pyritic cast, Marzer

Kogel, NHMW-GP (registr. no. 1990/1313/2), ofBadenian
age

found reworked in Sarmatian strata, dorsal and

lateral views.

Figs 7-12, 22. Creseis chierchiae (Boas, 1886) forma constricta (Chen & Bé, 1964).

SW of Salayer, Indonesia, NHMW-GP (registr. no. 1990/1333/1), Recent. 7-12: protoconchs, 22: entire shell.

Figs 19, 20. Creseis sp. 1.

Treubach 1 (K4/1502-1506m), NHMW-GP (registr. no. 1990/1329/1),Egerian [Lower Puchkirchen Group],

19: protoconch, 20: part of teleoconch.
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v. 1973 Clio cf. triplicata Audenino, 1896 — Steininger

et a/.,p. 450.

non 1983 Clio triplicata Audenino, 1899 — Spano, p. 264,

pi. 20, figs 1-8.

Material — Miocene:

- Eggenburgian, Haller Group, Haller Formation: Feyregg

brook near Bad Hall, coll. NHMW-GP (leg. Steininger, 1976,

registr. no. 1990/1323/1-2, leg. Zorn & Tanzer, 1989, registr.

no. 1990/1324/1-2); Bad Hall (dig of well 1906), coll. PI (ex coll.

Abel, registr. no. 2717); Bad Hall 1 (K1/14,0-15,2m), coll. RAG;

Fraham 1 (Kl/970-988m), coll. RAG, Gilgenberg 1 (Kl/

1156-1174m),coll. RAG; Geretsberg 1 (K2/1092,5-1095m,K4/

1323-1325,5m), coll. RAG; Neukirchen 1, (Kl /1024-

1027,5m), coll. RAG; Perwang 1 (K2/1069-1072m), coll.

NHMW-GP (registr. no. 1990/1341/1); Puchkirchen 1, (Kl/

500-505m, K2/589-594m, K4/800,5-806m), coll. RAG; Wart-

berg 4 (73,5m, 87,7-90,4m), coll. PI (registr. no. 2711/1, 3);
Welser Heide 1 (406,4-410m), coll. GBA (registr. no. 1990/7);

Zehrmiihle 11, (139,9-140,lm, 3 specimens; 119m, 1 specimen),

coll. PI (registr. no. 2712/1-2). — Ottnangian, Innviertel Group,

Ottnang Formation: Ottnang-Schanze, coll. GBA (registr. no.

1990/7).

Description — Clio triplicata has a pointed, triangular
shell with a mean apical angle of 52°. Both lateral

sides are often slightly concave. The width equals

4/5 of the length. Dorsally three ribs run from the

tip of the shell to the aperture and increase in width

together with the shell. Near the tip these ribs are

weakly separated from each other. They equal 3/4

of the shell width. The middle rib is in some speci-

mens slightly stronger developed. Ventrally there is

a single broad rib, which equals 2/5 of the shell

width. This also becomes wider with shell growth.

Faint indications of transverse ribs are visible in a

single specimen on the lateral side next to the long-
tudinal rib. The apertural margin on both sides is

abapically convex, the cross section of the aperture

and the shell cannot be seen on account of the

crushing. The tip with the protoconch shows a dor-

sal curvature. The latter has a near-circular cross

section (PI. 8, Fig. 9; PI. 13, Fig. 5). Often the

growth lines, running parallel to the aperture, are

easily seen.

Dimensions — See Table 12.

Remarks — In Table 12 all measurements of 50

specimens are shown. It was only rarely possible to

measure all dimensions of a single specimen.

Up to now all material from the Paratethys was

referred to in the literature as Clio cf. triplicata, as

there was no mention of the ventral side with the

single broad rib (Ctyroky, 1968). However, this rib

could be demonstrated in two specimens (PI. 8, Fig.

7; PI. 13, Fig. 4). That it is so rarely seen, is preser-

vational matter. The specimens are often so badly
crushed that indeed an extremely thin layer of sedi-

ment is present between both shell sides. This

means that on one side the ventral rib is broken and

on the other the dorsal relief is pressed on to the

ventral side. In this way, it may appear as ifonly the

dorsal side with three ribs were present, or imply

similarly constructed dorsal and ventral sides (Abel,

1924).
That these, in fact, are not the dorsal sides, is

readily apparent fromthe fact that growth lines with

different courses may be observed. Dorsally these

are more curved. In the curvature of the aperture

this distinction should be apparent as well, but this

cannot be ascertained due to poor preservation.

Audenino (1896) and Robba (1972) mendoned a

shallow depression on the middle ventral rib, or two

weak ribs. One of the Austrian specimens has,

however, a single rib, and another specimen shows a

very faint indication of a rib. It may be assumed that

this is a preservational matter.

From the Miocene to the Recent many species of

Clio occur with three dorsal and one ventral rib. Clio

trigona (Seguenza, 1867) is most similar to the pre-

sent species, to such an extent that they may be

assumed conspecific, which would mean that

Seguenza's name has priority. Clio sinuosa (Bellardi,

1872) also shows a strong resemblance, i.e. the L/B

ratio is identical. Robba (1977) discussed the diffe-

rences between both species: most conspicuous are

PLATE 6

Figs 1-6. Vaginella austriaca Kittl, 1886.

1-2: Baden, NHMW-GP (registr. no. 1990/1297/1, 1990/1299/1), Badenian [Upper Lagenidae Zone], 1: lectotype, 2:

paralectotype, a - dorsal in Fig. 1, ventral in Fig. 2, b - lateral, c - apertural views. 3, 4, 6: Bad Vöslau, NHMW-Z

(Edlauer collection, registr. no. 3345/1, 5, 10), Badenian [Upper LagenidaeZone]. 5: Bad Vöslau, NHMW-GP (registr.

no. 592/1964), Badenian [Upper Lagenidae Zone].

Table 12. Dimensions of Clio triplicata.

min. max. R X s V

L 5,18 12,02 6,84 8,04 2,07 25,71

W 4,82 6,91 2,09 5,85 0,66 11,33

L/W 1,07 1,31 0,24 1,20 0,10 8,59

WSd 3,24 5,83 2,59 4,00 0,73 18,27

W/WSd 1,38 1,73 0,35 1,53 0,10 6,85

A 37° 57,5° 20,5° 51,75° 3,95 7,63
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the distinct transverse ribs in C. sinuosa. In addition,

the ventral rib is comparatively wider and the late-

ral margins are hardly concave. Clio sulcosa (Bellardi,

1873) differs in having divided lateral ribs.

In the Haller Schlier often mass occurrences of C.

triplicata (PI. 13, Fig. 8) are found.

Extra-Austrian distribution — Paratethys: Miocene:

Germany [Eggenburgian], Czechoslovakia [Eggen-

burgian]. Mediterranean area: Italy [Oligocene,

Chattian; Miocene, Burdigalian, Langhian].

Clio sp. 1

PI. 8, Fig. 6; PI. 13, Figs 1, 2

Material — Miocene:
-

Egerian, Upper Puchkirchen Group: Linz-Ebelsberg (Wei-

kerlsee), coll. NHMW-GP(leg. Steininger, Rogl & Vavra, registr.

no. 1978/2004, 2 specimens).

Description — These are two badly crushed speci-

mens of a large species of Clio. The shell outline is

near-triangular, the apical angle being c 38°. Both

lateral margins appear to have an angular cross

section and are especially posteriorly slightly con-

vexly curved, which is why thewidth increases more

rapidly in the younger shell part. The shell length is

c 2/3 larger than its width.

In one of the specimens (PI. 8, Fig. 6; PI. 13, Fig.

1) possibly the inner view of the dorsal side is repre-

sented. An artificial cast reveals a median, flat and

wide rib and on both sides an even flatter rib, which

is half as wide and hardly separated from the outer

flat shell part. This may be due to crushing. In

addition, the shell surface is ornamented with

strongly raised, transverse, adaperturally curved

ribs, which are separated by comparatively wide in-

terspaces and do not vary markedly in width and

distance. On 1 cm shell length c 22 of such ribs may

be counted. Shortly before reaching the shell mar-

gins they efface and run slightly flexuous. The aper-

ture is badly visible and is apparently parallel to the

ribs. Growth lines are not visible. Whether the

second specimen, which shows the outer surface (PI.

13, Fig. 2) represents the dorsal or the ventral side is

even more difficult to determine, as it is badly

crushed, to such an extent that longitudinal ribs

cannot be recognised. The transverse ribs in the

posterior half of the shell are not recognisable
either. The margins of this specimen are hardly
curved. A protoconch is not preserved in either

specimen.

Dimensions — See Table 13.

Remarks — Clio nielseniA.W. Janssen, 1990a from the

Danish Late Oligocene differs in only few respects

from the Austrian species: its apical angle is some-

what smaller (32°), the lateral margins are straight

and the three dorsal ribs are equally broad. The

numberof transverse ribs in this species is 25 per cm

shell length. Clio guidottii Simonelli, 1896 is also very

similar. It shows, unlike C. nielseni, convex sides and

a median rib which is broader than the lateral ribs,

but it is substantially larger (max. 36 mm), has a

smaller apical angle and has only c 10 transverse

ribs per cm shell (A.W.Janssen, 1990a). A.W.Jans-

sen, in his comparison of C. nielseni with C. guidottii

pointed out the younger age of the latter, which he

showed to be Pliocene.

Robba (1977, p. 595, pi. 20, fig. 4; pi. 21, fig. 1)
described Clio from the Serravallian and identified it

as C. guidottii. This specimen was interpreted by

A.W. Janssen (1990a) to be intermediatebetween C.

nielseni and C. guidottii. The presence on Robba's

specimens of 16 transverse ribs per cm lends support

to this interpretation. The Austrian species, of ear-

liest Miocene age, would fit well into such an evolu-

tionary lineage with 22 ribs.

Clio lavayssei Rutsch, 1934 from the Early Mio-

cene of Trinidad(Rutsch, 1934) and the Oligocene-

Early Miocene of Italy (Bernasconi & Robba, 1982)

does correspond with the Austrian form stratigra-

phically, but has only a single rib dorsally.

PLATE 7

Figs 1-9. Vaginella austriaca Kittl, 1886.

1: paralectotype, Baden, NHMW-GP (registr. no. 1990/1298/1), Badenian [Upper LagenidaeZone], dorsal and lateral

views. 2: Bad Vöslau, NHMW-GP (registr. no. 1990/1302/22),Badenian [Upper Lagenidae Zone], dorsal view. 3: Bad

Vöslau, NHMW-Z (Edlauer collection, registr. no. 3345/4), Badenian [Upper Lagenidae Zone], dorsal view. 4:

protoconch, Bad Vöslau, NHMW-GP (registr. no. 1990/1300/1), Badenian [Upper LagenidaeZone], dorsal and lateral

views. 5-9: protoconchs, Laa an der Thaya, NHMW-GP (registr. no. 1990/1316/1-2),Karpatian [LaaerFormation], a -

dorsal views in Figs 5, 7, and 8, ventral views in Figs 6, and 9, b
-

lateral views.

Table 13. Dimensions of Clio sp. 1.

L 12,38 12,96

W 7,49 8,35

LAV 1,65 1,55

A 37° 38°
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Clio pedemontana (Mayer, 1868) differs in having

straight lateral margins and in lacking all longitudi-

nal ribs, whereas C. berglundi Squires, 1989 does not

show any transverse sculpture in its apical part.

Of Recent species, C. recurva (Children, 1823),

which is the largest species, is most similar. How-

ever, its three dorsal ribs are nearly equally strong

and the shell increases more gradually in width.

Whether the present species is a new taxon or is

conspecific with C. nielseni may only be determined

with additional material. In such a case it would be

interesting to assess the morphology of the ventral

side and the range of variation in the width of the

longitudinal ribs and the convexity of the lateral

margins.
Sieber (1953, pp. 374, 376) already recorded

from the Oligocene 'Schlier' of Upper Austria a

species of Clio which is reported to be larger than

the Miocene form (C. triplicata is meant here). This

might well be the same form. Unfortunately, Sieber

did not give locality details, which precludes a

restudy.

Clio sp. 2

PL 9, Fig. 2

v. 1968 Vaginella austriaca Kittl — Ctyroky et at., p.
133

[partim] , pi. 4, fig. 9.

Material — Miocene:

Badenian, ULZ: Bad Voslau, coll. NHMW-GP (registr. no.

1990/1304/1; 1 specimen).

Description — The single specimen available shows

apart from the protoconch only the older part of the

adult shell. The protoconch has a spherical embryo-
nic shell, showing a distinct tip, and separated from

the teleoconch by a sharp constriction. This corre-

sponds to the larval shell. At the shell tip the upper

shell layer is partially missing. Laterally it is seen

that the protoconch joins the teleoconch without

inclination. The latter is sack-like, straight in the

older part and, just like the protoconch, of circular

cross section, but in the upper part with a slight

dorsal curvature. Here the cross section is already

lenticular and indicates the dorsoventral flattening
which is typical of Clio. Lateral carinae are not yet

developed in this part of the shell.

Dimensions — Protoconch: 1=0,277 mm, w=0,235

mm, l/w= 1,179, teleoconch: A=28.5°.

Remarks — This is the only record of Clio in the

Austrian Middle Miocene. It cannot be referred to

any of the known fossil species, as protoconchs are

poorly known (di Geronimo, 1974: C. pulcherrima;

A.W. Janssen, 1989: C. blinkae, C. pauli, C. irenae;

A.W. Janssen, 1990a: C. nielseni). Most similar is the

protoconch of the modern species Clio cuspidata

(Bosc, 1802) (PI. 9, Fig. 1; PI. 12, Fig. 3), which is

only slightly larger. It has a protoconch with an

extremely long apical spine, which, however, is

often broken off. The imperfect preservation of the

apical part of Clio sp. 2 explains the lesser 1/w ratio

in comparison with specimens of C. cuspidata, of

which the spines are broken off.

In the Paratethys C. fallauxi Kittl, 1886, C. pede-

montana Mayer, 1868 (see Stancu, 1974; Krach,

1981) and C. carinata Audenino, 1896 (see Stancu,

1974) are recorded from the Badenian. The present

protoconch might belong to one of these species. A

difference in protoconch volume alone is not con-

clusive, as such a difference was observed in C.

pyramidata and considered to be brought about by

temperature fluctuations. The volume increases

under low temperatures, since in colder areas larger

eggs are produced and the veliger stage is suppres-

sed (Biekart, 1989).

Genus Vaginella Daudin, 1800

Diagnosis — Shell elongate, sheath-like, dorsoven-

trally more or less flattened, in the older part rapid-

PLATE 8

Figs 1, 2. Vaginella depressa Daudin, 1800.

1: Wartberg 4 (83,6 m), PI (registr. no. 2711/2), Eggenburgian [Haller Group, Haller Formation], badly crushed

specimen. 2a-c: Forchtenau, NHMW-GP (registr. no. 1990/1306/1), Badenian [Spiroplectammina Zone], dorsal,

lateral, and apertural views.

Figs 3-5. Vaginella sp. 1.

Walbersdorf, NHMW-GP (registr. no. 1885.XVII.137), Badenian [Bulimina-Bolivina Zone], 3a-b, 4a-b: protoconchs,
dorsal and lateral views. 5: badly crushed teleoconch.

Fig. 6. Clio sp. 1.

Linz-Ebelsberg, Weikerlsee, NHMW-GP (registr. no. 1978/2004),Egerian [Upper Puchkirchen Group].

Figs 7-9. Clio triplicata Audenino, 1896.

7: Pfarrkirchen near Bad Hall, Feyregg brook, NHMW-GP (registr. no. 1990/1324/2), Eggenburgian [Haller Group,
Haller Formation], ventral view. 8: Zehrmühle 11 (139,9-140,1m), PI (registr. no. 2712/2), Eggenburgian [Haller

Group, Haller Formation], inner dorsal view. 9: Wartberg 4 (73,5m), PI (registr. no. 2711/1), Eggenburgian [Haller

Group, Haller Formation], protoconch.
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ly, then more slowly increasing in width and, occa-

sionally, a subsequent partial decrease in the form

of a pre-apertural constriction. Lateral, rounded

carinae, which may be of different lengths, aperture

slit-like, extended at the margins, occasionally with

folds running parallel to shell axis, but otherwise

shell without ornamentation.Protoconch generally

well separated fromteleoconch, joining it in an even

plane or ventrally inclined, embryonic shell with

apical spine, cup-shaped, larval shell dorsoventrally

flattened, generally elongate.

Type species — Vaginella depressa Daudin, 1800.

Stratigraphical range
— Oligocene-Late Miocene.

Vaginella austriaca Kittl, 1886

PL 6, Figs 1-6; PI. 7, Figs 1-9; PI. 12, Figs 4, 5;

PI. 14, Figs 1-8; PI. 16, Figs 1-4

. 1849 Creseis vaginella — Homes in Czizek, p. 16.

v. 1856 Vaginella depressa Daud. — Homes, p. 663, pi. 50,

fig. 42a.

? 1866 Vaginella depressa — Suess, p. 131.

? 1877 Vaginella depressa Daud. — Karrer, pp. 139, 176.

*v 1886 Vaginella austriaca Kittl, p. 54, pi. 2, figs 8-12.

? 1888 Vaginella depressa Daud. — Handmann, p. 142.

1904 Vaginella austriaca Kittl. — Sacco, p. 15, pi. 4, fig.

11.

.

1921 Vaginella austriaca Kitd. — Checchia-Rispoli, p. 13,

fig. 5,a.

. 1934 Vaginellafloridana Collins, p. 216, pi. 13, figs 22, 23.

1942 Vaginella depressa var. austriaca Kittel — Toth, p.

512.

. 1949 Clio vrázi Vasicek, p. 35, fig. 1; pi. 1, figs 2a-b, 3.

? 1951 Vaginella depressa — Tauber, p. 61, pi. 1, fig. 25.

? 1956 Vaginella depressa Daud. —
Sieber, p. 246.

.

1956 Vaginella austriaca Kittl — Krach & Nowak, pi. 1, fig.

4.

. 1958 Vaginella austriaca Kittl — Eriinal-Erentoz, p. 131,

pi. 21, fig. 17.

. 1961 Vaginella austriaca Kitd — Dieci, p. 40, pi. 15, fig.

4a-b; pi. 16, fig. 6.

. 1966 Vaginella austriaca Kittl, 1886 — Strausz, p. 490, fig.

219.

v. 1968 Vaginella austriaca Kittl — Ctyroky et al., p. 133, pi.

4, figs 3-8 [non fig. 9].

. 1968 Vaginella austriaca Kittl, 1886 — Sirna, p. 423, fig.

10.

. 1970 Vaginella austriaca Kittl — Papp et al., p.
31.

. 1971 Vaginella austriaca Kittl, 1886 -
Robba, p. 86, pi. 3,

figs 12-17.

. 1973 Vaginella depressa Daudin, 1800 — Steininger et al.,

p. 450.

.

1974 Vaginella austriaca Kittl, 1886 — Stancu, p. 188, pi.

2, figs la-b, 2, 5, 6; pi. 3, figs la-b, 2-9.

.

1975 Vaginella austriaca —
Steininger et al., p. 16.

. 1977 Vaginella austriaca Kittl, 1886 — Robba, p. 587, pi.

17, figs 1-4; pi. 18, fig. 4.

1978 Vaginella austriaca Kittl, 1886 — Robba & Spano, p.

762-764, pi. 76, fig. 4.

1979 Vaginella austriaca brevior Krach, p. 655, fig. 1.

. 1979 Vaginella austriaca Kittl, 1866 — d'Alessandro et al.,

p. 85, pi. 15, fig. 25; pi. 16, figs 21-35.

.

1980 Vaginella austriaca Kitd, 1886 — d'Alessandro &

Robba, p. 620, pi. 61, figs 6a-d, 7a-d; pi. 62, figs

1-6; pi. 63, figs 1-3.

1981 Vaginella austriaca Kittl, 1886 — Martinell & de

Porta, p. 5-6, figs 11-14.

. 1981 Vaginella austriaca Kittl 1886 Krach, p. 124, pi. 1,

figs 15-18, 20; pi. 2, figs 1-3, 21-24; pi. 4, fig. 2.

1983 Vaginella austriaca Kittl, 1886 — Spano, p. 255, pi.

16, figs 1-8.

v. 1984b Vaginella austriaca Kittl, 1886 — A.W. Janssen, p.

73, pi. 4, figs 1-8.

. 1985 Vaginella austriaca Kittl, 1886 — A.W. Janssen, p.

199, figs 8-9.

Fig. 9. Characters of the genus Vaginella.

A, B — dorsal and lateral views of entire shell,

respectively

C, D — dorsal and lateral views of protoconch,

respectively.

PLATE 9

Fig. 1. Clio cuspidata (Bosc, 1802).

Protoconch, Mediterranean sea, S ofCrete, 34°43’N 25°51,6’E-34°41,6’N25°49,9’E, 1626-1433m,Meteor expedition

5/1, station 19 Ku, NHMW-GP (registr. no. 1990/1334/1), Recent, dorsal view.

Fig. 2. Clio sp. 2.

Protoconch, Bad Vöslau, NHMW-GP (1990/1304/1), Badenian [Upper Lagenidae Zone], dorsal and lateral views.

Figs 3a-c, 4a-c. Cuvierina paronai Checchia-Rispoli, 1921.

Bad Vöslau, Badenian [Upper Lagenidae Zone], 3: Senckenberg Museum Frankfurt (coll. H. Neuenhaus ex Crecelius,

registr. no. 48854), 4: NHMW-GP (registr. no. 1990/1302/25), ventral, lateral, and apertural views.
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Material— Miocene:

— Badenian
-

LLZ: Grund, coll. GBA (1 fragment, registr. no.

1990/7). ULZ - Bad Voslau, coll. GBA (2 specimens, 2 frag-

ments, registr. no. 1990/7), coll. NHMW-GP (1 specimen, 5

protoconchs, registr. no. 1990/1300/1; 3 fragments, registr. no.

1990/1301/1-3; 4 specimens, 13 fragments, paralectotypes,

registr. no. 1851.XIII.17, 1869.1.54, 1866.1.596, 1864.1.141,

1863.XV.1234, 1874.XXIX.53; 16 specimens, 8 fragments, ex

coll. Fuchs, registr. no. 1990/1302/1-24; 13 specimens, 12 frag-

ments, 1 cast, ex coll. Chlupac, registr. no. 592/1964; 16 speci-

mens, 18 fragments, 2 casts, registr. no. 1990/1303/1-36), coll.

NHMW-Z, coll. Edlauer (11 specimens, 2 fragments, registr. no.

E 3345), coll. Senckenberg Museum, Frankfurt (7 specimens, 3

fragments, coll. H. Neuenhaus ex Crecelius, registr. no. 4885a);

Soofl, coll. GBA (1 specimen, 7 fragments, registr. no. 1990/7),

coll. NHMW-GP (1 specimen, registr. no. 1309/1; 3 specimens,
2 fragments, 1 cast, registr. no. 1863.XV.l 199, 1869.1.148,

1872.XXX.87); Baden, coll. GBA (1 specimen, 1 fragment,

registr. no. 1990/7), coll. NHMW-GP (2 specimens, 8 fragments,

1 cast, paralectotypes, registr. no. 1864.1.122, 1869.1.233; 1

specimen, lectotype, registr. no. 1990/1297/1; 1 specimen,

paralectotype, registr. no. 1990/1298/1; 1 specimen, paralecto-

type, registr. no. 1990/1299/1); Baden-SooB, Wienerberger

claypit, coll. NHMW-GP (registr. no. 1990/1310/1); Metters-

dorf, coll. NHMW-GP (2 specimens, registr. no. 1990/1305/1);
Aderklaa 78, 1669,2-1683m (13 specimens), coll. NHMW-GP

(registr. no. 1990/1289/1). SZ
- Forchtenau, coll. NHMW-GP

(1 specimen, paralectotype, registr. no. 1869.1.606; 4 fragments,

registr. no. 1866.1.1208).
-

Karpatian [Laaer Formation]: Laa an der Thaya, coll.

NHMW-GP (a few specimens in pieces of sediment, leg. Sovis,

registr. no. 1990/1314/1; 2 specimens, syntypes, registr. no.

1870.I.IV.49; leg. Rogl, 1967, 7 protoconchs, sample no. 18/

II/0-0,5m, 11/1/2,5-2,75m, registr. no. 1990/1316/1-2).
—

Eggenburgian [Haller Formation]: Pfarrkirchen near Bad

Hall, Feyregg brook, coll. NHMW-GP (leg. Steininger, 1976,

registr. no. 1990/1323/2).

Description — The dorsoventrally flattened shell is

elongate, lance-shaped, apically with an acute

angle. The greatest width of the shell is at the aper-

ture and equals 1/3 of the length, its dorsoventral

diameter equalling only one fifth. The flattening
increases towards aperture. Aperture slit-like and

extended at the lateral ends. The dorsal apertural

lip projects slightly above the ventral one. On both

sides of the shell are slightly thickened keels, which

start just above the protoconch and disappear gra-

dually in adapertural direction. In lateral view the

shell is straight to slightly curved. Over almost the

entire length of the teleoconch the cross section is

oval, but it becomes circular in the middle of the

posterior half for a short stretch, then towards the

tip the dorsoventral diameter becomes larger than

wide and just above the protoconch there is another

dorsoventral flattening. This part of the shell with

the adjoining protoconch shows a ventral inclina-

tion. Shell surface with arched growth lines running

parallel to the aperture.

The protoconch has a sharp tip and shows two

constrictions, one between the embryonic and larval

shell, and the other between the larval shell and the

teleoconch. In SEM in the first constriction longitu-

dinal ridges and after the second constriction at

both sides of the teleoconch horizontal grooves (PI.

16) may be seen, which decrease in strength dorsally
and ventrally and proceed in apertural direction

towards the beginning of the carinae. The horizon-

tal grooves are visible in light microscopy as well.

The embryonic shell has a near-circular cross sec-

tion, whereas the larval shell shows a stronger dor-

soventral flattening.

Dimensions — See Tables 14, 15 and Fig. 10.

Fig. 10. Length/width (L/W) ratio of Vaginella austriaca.

Figs 1, 2. (Reuss, 1867).
1a-b: pyritic cast, Aderklaa 85 (1550m), NHMW-GP (registr. no. 1990/1293/6), Badenian [Spiroplectammina

Zone], apertural and apical views. 2: pyritic cast, Aderklaa 82 (1460m), NHMW-GP (registr. no. 1990/1290/6),
Badenian [Bulimina-Rotalia Zone], apertural view.

Figs 3a-b, 4a-b.

PLATE 10

(Bornemann, 1855). Pyritic casts, Puchkirchen 2 (2540-2542m), NHMW-GP (registr. no.

1990/1326),Kiscellian [Tonmergel Formation], apertural and apical views.

Fig. 6a-b.

Limacina valvatina

Limacina hospes

Limacina umbilicata

Rolle, 1861.

Pyritic cast, Eggelsberg 1 (2040-2042m), NHMW-GP (registr. no. 1990/1319/3), Egerian [Lower Puchkirchen

Group], apertural and apical views.
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Remarks — A few specimens (PI. 6, Figs 3-6; PI. 7,

Fig. 2) show a slight pre-apertural constriction, such

as is typical for V. depressa. Since other features

correspond closely to V. austriaca these specimens

are placed there. D'Alessandro & Robba (1980, pi.

63, figs 1, 3) illustrated similar shells of V. austriaca.

A.W. Janssen (1985) related the above-mentioned

grooves at the base of the teleoconch, which he

noted as 'wrinkles' on adult specimens of V. depressa

and V. austriaca, to a shell metamorphosis. He found

for the first timejuvenile individuals ofboth species,

which do not show the adult habit and do not

possess these wrinkles. The shells are extremely fra-

gile and substantially more flattened dorsoventrally

than the adults. He assumed that during ontogeny

the developing soft parts exercise pressure on the

shell, resulting in a dorsoventral widening of the

shell and wrinkles on both sides to withstand this.

Subsequent recalcification of the inner shell wall

lends the shell more stability.

Vaginellids from Bad Voslau and SooB (Karrer,

1877; Handmann, 1888) and from the Burgenland

Tertiary (Tauber, 1951; Sieber, 1956) recorded in

the literature as V. depressa are all probably V.

austriaca, as Kittl (1886) was the first to distinguish

the slender species, by erecting V. austriaca. Additio-

nally, from the localities mentioned, exclusively V.

austriaca is known to date, with the exception of a

single specimen of V. depressa from Forchtenau.

Extra-Austrian distribution — Paratethys: Miocene:

Czechoslovakia [Early Badenian], Rumania [Early

Badenian], Hungary [Early Badenian], Poland

[Early Badenian], Germany [Ottnangian]. Medi-

terranean area: Middle Miocene: Italy ['Elveziano',

Langhian, Serravallian], Spain [Langhian-Early

Serravallian], Turkey ['Vindobonian'], France

[Tortonian]. North Sea Basin: Miocene: Belgium

[Hemmoorian], The Netherlands [Hemmoorian],

Germany [Hemmoorian], Denmark [Hemmoorian,

Reinbekian], Other areas: U.S.A. [Early Miocene

(as V. floridana Collins)].

Vaginella depressa Daudin, 1800

PI. 8, Figs 1, 2; PI. 15, Figs 3, 5, 6

* 1800 Vaginella depressa Daudin, p. 145, pi. 11, fig. 1.

non v. 1856 Vaginella depressa Daud. — Homes, p. 663, pi.

50, fig. 42a.

v. 1886 Vaginella depressa Daudin. — Kittl, p. 57, pi. 2,

figs 17-22.

Table 14. Teleoconch dimensions of Vaginella austriaca.

Table 15. Protoconch dimensions of Vaginella austriaca.

PLATE 11

Rolle, 1861

Pyritic cast, Eggelsberg 1 (2110-2112m), NHMW-GP (registr. no. 1990/1319/9, Egerian [Lower Puchkirchen Group],

apertural and apical views.

Fig. 2a-b.

Limacina hospesFig. 1a-b.

(Kautsky, 1925).

Winterswijk-Miste, The Netherlands, NHMW-GP (registr. no. 1990/1337/1), Early Miocene, apertural and apical

views.

Fig. 3a-b.

Limacina miorostralis

(d’Orbigny, 1836).

Pyritic cast, Aderklaa 92 (1150 m), NHMW-GP (registr. no. 1990/1296/2), Early Sarmatian, apertural and apical
views.

Figs 4, 5.

Limacina cf. inflata

(Reuss, 1867).

4: juvenile, Hainburg borehole, PI (registr. no. 2709), Badenian [Bulimina-Bolivina Zone], apertural view. 5: juvenile,

Walbersdorf, NHMW-GP (registr. no. 1990/1312/3), Badenian [Bulimina-Bolivina Zone], apical view.

Limacina valvatina

min. max. R X s V

L A,15 8,31 3,56 6,59 0,82 12,50

W 1,58 2,95 1,37 2,25 0,26 11,65

dT 1,01 1,87 0,86 1,48 0,17 11,22

L/W 2,49 3,64 1,15 3,01 0,26 8,66

WAIT 1,34 1,83 0,49 1,53 0,08 5,53

U1T 3,70 5,83 2,13 4,59 0,44 9,49

A 19,5° 37° 17,5° 27,34° 3,03° 11,09

min. max. R X

1 0,357 0,438 0,081 0,388

IE 0,125 0,152 0,027 0,142

IL 0,205 0,304 0,099 0,244

wE 0,092 1,119 0,027 0,106

wL 0,161 0,188 0,027 0,180

dE 0,089 0,107 0,018 0,100

dL 0,143 0,152 0,009 0,150

wC 0,116 0,125 0,009 0,118

1/wL 1,972 2,576 0,604 2,152

lE/wE 1,252 1,421 0,169 1,332

llVwL 1,133 1,788 0,655 1,355

1/1L 1,441 1,742 0,301 1,587
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. 1889 Vaginella depressa Daudin. — Benoist, p. 28, pi.

2, fig. 4a-c.

? 1898 Vaginella spec. aflf. depressa Daud. — Abel, p.

219.

1904 Vaginella depressa Daud. — Sacco, p. 15, pi. 4,

fig. lOa-b.

? 1921 Vaginella depressa Daudin. —
Checchia-Rispoli,

p. 15, fig. 6.

. 1960 Vaginella depressa Daudin — Wenz & Zilch, p.

50, fig. 170.

. 1966 Vaginella depressa Daudin, 1800 — Strausz, p.

489, fig. 218.

. 1968 Vaginella depressa Daudin — Ctyroky et al., p.

132,pi. 4, figs 1, 2.

. 1968 Vaginella depressa Daudin, 1800 — Sirna, p.

424, fig. 12.

. 1971 Vaginella depressa Daudin, 1800 — Robba, p.

89, pi. 4, figs 6, 7.

1971 Vaginella cf. depressa Daudin —Jung, p. 214,

pi. 19, figs 5-7.

. 1972 Vaginella depressa Daudin, 1800 — Robba, p.

502, pi. 59, fig. 12; pi. 60, fig. 8.

non 1973 Vaginella depressa Daudin, 1800 —
Steininger et

al., p. 450.

. 1975 Vaginella depressa
—

Steininger et al., tab. 1.

1979 Vaginella aff. depressa Daudin, 1800 — d'Ales-

sandro et al.
, p. 86, fig. 23.

. 1983 Vaginella depressa Daudin, 1800
—

Spano, p.

257, pi. 16, fig. 9; pi. 17, figs 1-7; pi. 18,

figs 1-5.

v. 1984b Vaginella depressa Daudon, 1800 — A.W.Jans-

sen, p. 75, pi. 3, fig. 1 la-b, pi. 4, figs 9-13.

v. 1985 Vaginella depressa — A.W. Janssen, p. 200, figs

10-13.

. 1986 Vaginella depressa — A.W. Janssen, fig. 5.

. 1990b Vaginella depressa Daudin, 1800 —
A.W.Jans-

sen, p. 43, pi. 7, figs 8-12; pi. 8, figs 1-8.

Material — Miocene:

— Badenian, Spiroplectammina Zone: Forchtenau coll.

NHMW-GP (1 specimen, registr. no. 1990/1306/1).
—

Eggenburgian,Haller Group, Haller Formation: Wartberg 4,

83,6m (1 specimen), 87,7-90,4m (many specimens), coll. PI

(registr. no. 2711/2, 3); Neukirchen 1 coll. NHMW-GP

(Kl/1021-1027m, several specimens, registr. no. 1990/1331/1).

Description — Most specimens are very badly

crushed and up to twice the size of the Forchtenau

specimen (PI. 8, Fig. 2; PI. 15, Fig. 3), which is the

only well preserved one. The last-named specimen

shows a bulbous, thickset shell. The width, which is

largest in the middle of the shell, equals half the

length and the dorsoventral diameterequals nearly

a third of the length. The cross section is apically

circular, in the middle elliptical and towards the

aperture it reaches its greatest flattening. The aper-

ture is, as in all vaginellids, slit-like and lightly

extended at the extreme ends. Below this is a very

slight constriction. The lateral carinae are restricted

to the posterior half. The shell surface is smooth,

except for growth lines.

The Early Miocene specimens do not show a pre-

apertural constriction. Also, in them the largest

width is at the aperture, a genuine bulge does not

occur. The apical angle is comparable with that of

the Forchtenau specimen and is about 45°. A proto-

conch was not found.

Dimensions — See Tables 16, 17 and Fig. 11.

Fig. 11. Length/width (L/W) ratios of Vaginella depressa and

Vaginella sp. 1.

PLATE 12

(Chen & Bé, 1964)

Protoconch, SW of Salayer, Indonesia,NHMW-GP (1990/1333/1), Recent.

Fig. 2a-c.

Creseis chierchiae (Boas, 1886) forma constrictaFig. 1.

(Reuss, 1867).

Protoconch, Walbersdorf, NHMW-GP (registr. no. 1990/1312/2), Badenian [Bulimina-Bolivina Zone], dorsal, late-

ral, and apertural views.

Fig. 3.

Creseis spina

(Bosc, 1802).

Protoconch, Mediterranean sea, S ofCrete, 34°43’N 25°51,6’E-34°41,6’N25°49,9’E, 1626-1433m,Meteor expedition

5/1, station 19 Ku, NHMW-GP (registr. no. 1990/1334/1), Recent.

Figs 4, 5.

Clio cuspidata

Kittl, 1886.

4: protoconch, Bad Vöslau, NHMW-GP (registr. no. 1990/1300/1), Badenian [Upper Lagenidae Zone], dorsal view.

5a-b: protoconch, Laa an der Thaya, NHMW-GP (registr. no. 1990/1316/2), Karpatian [Laaer Formation], dorsal

and apertural views.

Vaginella austriaca
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Remarks — The Badenian specimen corresponds

most closely with material from the type area Leog-

nan (PL 15, Figs 1, 2, 4), although it is slightly

smaller. The Early Miocene individuals differ espe-

cially in lacking the pre-apertural constriction. In

them the L/W ratio is also lower. It remains to be

seen in how far compaction may have altered this.

For the time being, the Austrian specimens are not

separated, since the French material is also very

variable. Especially the large differences in size are

conspicuous. The Austrian material would then

represent the two extremes. However, amongst the

Leognan specimens there are individuals in which

the pre-apertural constriction is poorly developed.

Many adult specimens show a vertical folding at the

aperture, which is not developed in the Austrian

material.

It should also be pointed out that Robba (1971, p.

90) considered a specimen from the Wartberg 4

borehole (PI. 8, Fig. 1; PI. 15, Fig. 5) not to belong to

V. depressa on account of the lacking median swel-

ling, but, rather, to be close to V. rzehaki Kittl, 1886.

Unfortunately, the type materialof this large species

is not well preserved. The lectotype is more slender

and in fact resembles a large V. austriaca.

Vaginella depressa was formerly described as acumi-

nate (Kittl, 1886; Ctyroky etal., 1968). A.W.Janssen

(1984b, p. 75; 1985, p. 200) was the first to remark

that really just the protoconchs had broken off and

he also found the first protoconchs, which he descri-

bed as similar to those of V. austriaca. A distinguish-

ing feature would be the straighter to vertical junc-

tion between the protoconch and the adult shell

(A.W.Janssen, 1985, p. 202).

Vaginella chattica R. Janssen, 1979 shows similari-

ties to V. depressa. Different are the larger apical

angle, the stronger swelling anteriorly and
espe-

cially the two long, parallel grooves dorsally run-

ning vertically with respect to the shell axis.

Vaginella eligmostoma Tate, 1887 and V. inflata Hay-

ward, 1981 from Australia are conspecific with V.

depressa (see A.W. Janssen, 1990b).

The only other record of V. depressa from Austria

is the one by Abel (1898), who mentioned V. spec.

aff. depressa from the 'Eggenburg Series' at Kiihn-

ring, Lower Austria.

Extra-Austrian distribution
—

Paratethys: Middle Mio-

cene: Poland [Badenian], Hungary [Badenian],
Mediterranean area: Italy [Oligocene-Middle Mio-

cene], France [Early Miocene, Burdigalian]. North

Sea Basin: Early Miocene: Germany [Vierlandian],

Denmark [Vierlandian]. Other areas: Australia

[Early-Middle Miocene], Japan [Early-Middle Mio-

cene], Caribbean [Miocene].

Vaginella sp. 1

PI. 8, Figs 3-5; PI. 15, Fig. 7

Material — Miocene:

Badenian, BBZ: Walbersdorf, coll. NHMYV-GP (2 proto-

conchs and several specimens in pieces of sediment, registr. no.

1933.X.99, 1885.XVII.137).

Table 16. Dimensions of Vaginella depressa.

Table 17. Dimensions of Vaginella depressa from Léognan.

PLATE 13

Figs 1, 2. Clio sp. 1.

Linz-Ebelsberg, Weikerlsee, NHMW-GP (registr. no. 1978/2004), Egerian [Upper Puchkirchen Group].

Figs 3-8. Audenino, 1896.

3, 5, 8: Wartberg 4 (73,5m), PI (registr. no. 2711/1), Eggenburgian [Haller Formation], 3 -
dorsal view, 5 - protoconch, 8

- core surface with mass occurrence. 4: Pfarrkirchen near Bad Hall, Feyregg brook, NHMW-GP (registr. no.

1990/1324/2), Eggenburgian [Haller Formation], ventral view. 6: Zehrmühle 11 (139,9-140,lm), PI (registr. no.

2712/2), Eggenburgian [Haller Formation], dorsal view. 7: Zehrmühle 11 (119m), PI (registr. no. 2712/1), Eggenbur-

gian [Haller Formation], dorsal view.

Clio triplicata

n = 30 min. max. R X s V

L 3,89 7,70 3,81 5,24 1,01 19,18

WA 1,68 2,95 1,27 2,17 0,32 14,74

pC 1,55 2,52 0,97 1,93 0,25 13,04

W 1,66 2,67 1,01 2,05 0,29 13,97

dT 1.15 2,33 1,18 1,68 0,29 17,31

L/W 2,14 2,94 0,80 2,46 0,24 9,85

A 42,5 62,5 20,00 53,37 5,08 9,52

Forchtenau Haller Schlier

L 3,46 7,78 7,06

WA 1,66 3,29 3,44

PC 1,52 — —

W 1,55 2,74 2,74

dT 1,31 — —

L/W 2,06 2,36 2,05

A 45,5° 48° 49°



129\13

PLATE 13



130

Description — The very badly crushed specimens are

thickset, with the length generally equalling twice

the width. A pre-apertural constriction appears to

be missing. The dorsoventral shell diameterand the

aperture can no longer be observed on account of

the poor preservation, neither are the carinae which

are typical for Vaginella. Assignment of these speci-

mens to Vaginella is supported by protoconch mor-

phology. It was possible to prepare two uncrushed

protoconchs (PI. 8, Figs 3, 4), which show a near-

globular embryonic shell with distinct tip and a very

elongate larval shell with straight to slightly concave

margins. A constriction between the protoconch

and teleoconch can only be seen laterally and on

one side only, probably the dorsal side.

Dimensions — See Tables 18, 19

— The protoconchs differ from those of

other known species. As with Clio, there are only few

finds of protoconchs with Vaginella; only those of V.

austriaca, V. depressa and V. lapugyensis and, preserved

as fragments, of V. bicarinata and V. victoriae (see

A.W. Janssen, 1984a, 1985, 1990b) have been

described.

The embryonic shell of the Walbersdorfspecimen

is shorter and more globular and the larval shell

markedly longer than in V. austriaca; the larval shell

in the latter species is more clearly separated from

the teleoconch and possesses more convex lateral

margins.

In the Paratethys vaginellids are very rare in the

Late Badenian. In the Early and Middle Badenian

of Poland V. rzehaki occurs, but this species is more

slender and is substantially larger-sized.

Vaginella sp. indet.

Material — Miocene:

— Ottnangian, Innviertel Group [BraunauerFormation]: Brau-

nau, borehole, coll. GBA (registr. no. 1990/7; 1 specimen).

Ottnanger Formation: Ottnang-Schanze, coll. GBA (registr. no.

1990/7; 1 specimen).

Remarks — This material, indeterminatebecause of

its very poor state of preservation, is here mentioned

as it represents the only finds of Vaginella from the

Ottnangian.

Subfamilia Cuvierininae van der Spoel, 1967

Genus Cuvierina Boas, 1886

Diagnosis — Shell bottle-shaped, maximum width

posteriorly, round to more oval cross section, aper-

Fig. 12. Characters of the genus Cuvierina.

A, B - ventral and lateral views, respectively.

Table 18. Teleoconch dimensions of Vaginella sp.
1.

Table 19. Protoconch dimensions of Vaginella sp. 1.

PLATE 14

Figs 1-8. Kittl, 1886.

1-4: Baden, NHMW-GP, Badenian [Upper Lagenidae Zone], 1
- lectotype (registr. no. 1990/1297/1), 2-4

- paralecto-

types (nos 1990/1298/1, 1990/1299/1, 1864.I.122), dorsal and lateral views. 5: paralectotype, Bad Vöslau, NHMW-GP

(registr. no. 1851.XIII.17), Badenian [Upper LagenidaeZone], dorsal and lateral views. 6: paralectotype, Sooß, NHMW-

GP (registr. no. 1863.XV. 1199), Badenian [Upper Lagenidae Zone], dorsal and lateral views. 7: Laa an der Thaya,
NHMW-GP (registr. no. 1990/1314/1), Karpatian [Laaer Formation], 8: Pfarrkirchen near Bad Hall, Feyregg brook,

NHMW-GP (registr. no. 1990/1323/2), Eggenburgian [Haller Formation].

Fig. 9a-b.

Vaginella austriaca

Checchia-Rispoli, 1921.

Bad Vöslau, Senckenberg Museum Frankfurt (coll. H. Neuenhaus ex Crecelius, registr. no. 4885a), Badenian [Upper

Lagenidae Zone], ventral and lateral views.

Cuvierina paronai

n = 5 min. max. R X

L 4,03 4,82 0,79 4,46

W 2,02 2,52 0,50 2,19

17W 1,75 2,39 0,64 2,05

IP 0,464 0,473

IE 0,125 0,143

1L 0,339 0,330

wE 0,091 0,111

lE/wE 1,374 1,288
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ture kidney-shaped to rounded-triangular. Conical

posterior part of the teleoconch with protoconch
shed and remaining adult shell closed by secondary

septum. Often weak longitudinal lines on shell sur-

face, otherwise smooth, occasionally with a pre-

apertural constriction.

Type species — Cuvierina columnella (Rang, 1827).

Stratigraphical range
— Middle Miocene-Recent.

Cuvierina paronai Checchia-Rispoli, 1921

PI. 9, Figs 3, 4; PI. 14, Figs 9

* 1921 Cuvierina Paronai Checchia-Rispoli, pp. 6, 29,

fig. 1, la-b.

1955 Cuvierina Paronai Checchia-Rispoli — Nicosia,

p. 369.

. 1968 Cuvierina paronai Checchia-Rispoli, 1921 —

Sirna, p. 427, fig. 17.

.
1977 Cuvierina paronai Checchia Rispoli, 1921 —

Robba, p. 610, pi. 24, fig. 5; pi. 25, figs

2-4.

. 1978 Cuvierina paronai Checchia Rispoli, 1921 —

Robba & Spano, p. 777, pi. 81, figs 3-4.

. 1979 Cuvierina paronai Checchia Rispoli, 1921 -

d'Alessandro et at., p. 89, pi. 16, figs 69-81.

. 1980 Cuvierina paronai Checchia Rispoli, 1921 —

d'Alessandro & Robba, p. 643, pi. 72, figs

5-7; pi. 73, figs 1-4.

Material — Miocene:

Badenian, ULZ: Bad Voslau, Breyers claypit: 1 specimen in

collection NHMW-GP (ex coll. Fuchs, registr. no. 1990/

1302/25) and 1 specimen in collection of the Senckenberg

Museum Frankfurt (coll. H. Neuenhaus ex Crecelius, registr. no.

4885a).

Description — The shell is straight, tube-shaped and

dorsoventrally flattened to varying degrees over its

entire length. The largest diameter is just below the

middle where the cross section is near-circular.

Adapically the shell rejuvenates under an angle of

30° to a cone up to the point where the shedding of

the posterior part took place. Flere the shell is closed

by a convex calcified septum. This and the cross

section of the conical part are also near-circular.

The septum is oblique with regard to the shell axis,

in such a way, that its surface projects higher ven-

trally. The shedding of the conical part in Cuvierina

in various specimens of the same species does not

occur at exactly the same spot, which explains why

the septa show different diameters.

Towards the aperture the cross section becomes

more elliptical. Shortly before the aperture the shell

reveals an arched depression ventrally, which is why
the apertural margin approximates a straight mar-

gin ventrally, or is even lightly concave, whereas the

dorsal side is strongly convex. The top of this con-

vexity lies slightly left from the middle. The curved

dorsal apertural lip projects above the ventral mar-

gin (PI. 9, figs 3c, 4c).

The shell surface shows distinct transverse growth

lines, as well as a longitudinal fine ornamentation.

In the more thickset specimen these features are

especially prominent.

Dimensions — See Table 20.

Remarks — The above-mentioned features corre-

spond more or less with the original description by

Checchia-Rispoli (1921), but that author described

the shell surface as smooth, whereas the Austrian

specimens show a fine ornamentationwhich is typi-
cal for the

genus
Cuvierina. That surface features

may vary from smooth to lightly sculptured has

been noted previously by Be et al. (1972, p. 50) for

the Recent species C. columnella.

Checchia-Rispoli (1921) pointed out differences

that exist in the L/W ratio, which makes specimens

to appear slender to more thickset. From the measu-

rements he presented a range between 2.2 and 3.5

may be determinedwith a mean of 3.0. D'Alessan-

Table 20. Dimensions of Cuvierina paronai.

PLATE 15

Daudin, 1800.

1, 2, 4: Léognan, France, NHMW-GP (registr. no. 1990/1338),Burdigalian. 3a-c: Forchtenau, NHMW-GP (registr. no.

1990/1306/1), Badenian [Spiroplectammina Zone], dorsal, lateral, and apertural views. 5: Wartberg 4 (83,6 m), PI

(registr. no. 2711/2), Eggenburgian [Haller Group, Haller Formation], badly crushed specimens. 6: Neukirchen 1

(K1/1021-1027m), NHMW-GP (registr. no. 1990/1331/1), Eggenburgian [Haller Group, Haller Formation], badly

crushed specimen.

Fig. 7.

Figs 1-6. Vaginella depressa

sp. 1.

Walbersdorf, NHMW-GP (registr. no. 1885.XVII.137), Badenian [Bulimina-Bolivina Zone].

Vaginella

L 7,56 7,78

W 2,26 2,15

LAV 3,35 3,62

WA 2,11 1,92

dT 2,00 1,92

S 0,98 0,74

A 33° 28,5°
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dro et al. (1979) mentioned a mean of 3.16, while

D'Alessandro & Robba (1980) gave 3.14 and Robba

(1977) 2.94. Of the two specimens at hand one

exceeds this mean and should therefore be seen as

an example of a very slender specimen (PI. 9, Fig. 3;

PI. 14, Fig. 9), as should the specimen measured by

Sirna (1968) with an L/W ratio of3.64, whereas the

second specimen approaches mean values (PI. 9,

Fig. 4).
The aperture of the Austrian specimens (PI. 9,

Figs 3c, 4c) slightly differs from Italian material in

that the dorsal margin projects on the left-hand

side, while the Italian specimens show symmetrical

apertures. However, as only two specimens are avai-

lable and the other features correspond well, there is

no need to separate them from C. paronai.

Cuvierina paronai is very similar to C. columnella

urceolaris (Morch, 1850), a fossil and Recent species,

but this has a lesser L/W ratio, which is to say that

the width is nearly equal but the latter species is

shorter, which results in a more thickset shell form.

D'Alessandro & Robba (1980) gave as mean 2.57.

Additionally, the dorsal apertural margin is

markedly less convex.

D'Alessandro & Robba (1980) also discussed the

differences between these two species and C. grandis

d'Alessandro & Robba, 1980, which, as far as habit

and apertural outline are concerned, resembles C.

paronai, but which is substantially larger-sized. Also,

its L/W ratio is higher (3.92) and it shows a pre-

apertural constriction and a smaller apical angle

(23°). In the literature the mean values for this angle

range between 36.5 and 33.2°.

Many authors have pointed out the differences

between C. paronai and the Pliocene C. astesana

Rang, 1829 (see e.g. Checchia-Rispoli, 1921;

Robba, 1977). The latter species shows in its poste-

rior part a less strong rejuvenation and a distinct

constriction beneath the aperture. Clearly different

is also the form of the aperture, it being more slit-

like in C. astesana. D'Alessandro & Robba (1980)

stressed the higher L/W ratio of C. astesana. Robba

(1977) and Robba & Spano (1978) illustrated speci-

mens of C. paronai, in which the posterior part has

not been shed.

The genus Cuvierina is here described for the first

time from the Austrian Tertiary and even for the

Paratethys.

Extra-Austrian distribution — Italy, Middle Miocene

[Langhian, Serravallian].

CONCLUSIONS

In this paper the Austrian pteropods from the follo-

wing Tertiary sedimentary basins have been stu-

died: Vienna Basin (including Eisenstadter Basin),

Molasse Zone (including Waschberg Zone) and

Lavanttal Basin.

Five genera ( Limacina, Creseis, Clio, Vaginella and

Cuvierina) and eighteen species have been identified

and discussed. A stratigraphical range from Late

Eocene (Priabonian) to Middle Miocene (Early Sar-

matian) could be shown for pteropods in Austria.

Up to now, a range from Late Oligocene to Late

Badenian for three genera and five species was

known.

The genera Creseis and Cuvierina with the species

Creseis spina, Creseis sp. 1 and Cuvierina paronai as well

as the following taxa have been found for the first

time in Austria: Limacina miorostralis, Limacina umbili-

cata, Limacina cf. inflata, and six additional species

that could not be related to known species (.Limacina

spp. 1-3, Clio spp. 1-2, Vaginella sp. 1). These may

turn out to be undescribed species in future. To date

this material is still insufficient, despite the fact that

protoconchs could be described for the first time

(Clio sp. 2, Vaginella sp. 1). Since protoconchs are

extremely rare, it cannot be excluded that the teleo-

conchs of the same species have already been descri-

bed in the literature. One genus ( Cuvierina ) and two

species (C. paronai and L. miorostralis) are recorded for

the first time from the Paratethys bioprovince.

The stratigraphic distribution ofLimacina valvatina

and Vaginella austriaca could be extended. Limacina

valvatina occurs in the Egerian, Karpatian and Mid-

dle to Late Badenian, while V. austriaca occurs in the

Eggenburgian, Karpatian and Early to Middle

Badenian. Limacina cf. valvatina, which is tentatively

separated from L. valvatina for the time being, is

found in the Late Kiscellian and Egerian. For Lima-

PLATE 16

Vaginella austriacaFigs 1-4. Kittl, 1886.

Protoconch, Laa an der Thaya, NHMW-GP (registr. no. 1990/1316/2), Karpatian [Laaer Formation], 1, 3, 4
-

microstructures near the constriction between protoconch and teleoconch, 2 - tip of protoconch and microstructures at

the constriction between embryonic and larval shell.
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cina hospes (Early Egerian), Clio triplicata (Eggenbur-

gian, Ottnangian) and Vaginella depressa (Eggenbur-

gian, Middle Badenian) the stratigraphic

distribution as previously indicated in the literature

could be confirmed. Limacina sp. 1 and L. umbilicata

occur in the Priabonian, the latter species being

dominant throughout the Oligocene. Limacina sp. 2

is known from nannoplankton zone NP 22 (Kiscel-

lian), Limacina sp. 2 and Creseis sp. 1 from the Early

Egerian, L. miorostralis from the Karpatian and .L. cf.

inflata from the Early Sarmatian. Clio sp. 1 is restric-

ted to the Late Egerian, whereas Clio sp. 2 and

Cuvierina paronai are confined to the early Middle

Badenian. Vaginella sp. 1 and Creseis spina occur only

in the Late Badenian.The greatest species diversity
is found in the Egerian and Badenian. Stratigraphi-

cal range charts for all species are given in Zorn (in

press).
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