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Abstract

Holoplanktonic molluscs of 62 bottom samples and the sieving residues < 0.6 mm of a single gravity core, were
evaluated. The total number of species found in all samples together is 49 (Pterotracheoidea 11, Janthinidae 2,
Limacinoidea 5, Cavolinioidea 16, Cymbulioidea 8, Gymnosomata 5, incertae sedis 2). Results obtained from the
residues of bottom samples only give information about which species have been present in the roughly esti-
mated interval ‘late Pleistocene to Holocene, Recent included’. The gravity core samples were previously dated
on the basis of planktonic Foraminifera, comprising the interval of latest Saalian (Marine Isotope Stage 6) to
Holocene, and some more detailed information on the vertical distribution of the species could be obtained.
Construction of a ‘palaeoclimatological curve’, as done by numerous earlier authors, was not attempted. In the
systematic part a neotype is designated for Atlanta keraudrenii Lesueur, 1817, and a lectotype for Steira la-
manoni Eschscholtz, 1825, making both taxa to junior synonyms of Atlanta peronii Lesueur, 1817. Clio pyrami-
data f. tyrrhenica nov. f. is introduced. For many species morphological details and questions concerning system-
atics and/or nomenclature are discussed, in various cases also related to the desired position of a taxon at spe-
cies, subspecies, or infraspecific level.
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Riassunto

[Molluschi oloplanctonici tardo-quaternari ed attuali (Gastropoda) da campioni di fondo del Mediter-
raneo orientale: sistematica, morfologial. Sono stati presi in esame i molluschi oloplanctonici (Heteropoda,
Janthinidae, Thecosomata e Gymnosomata) provenienti da 62 campioni di fondo raccolti da spedizioni Meteor e
conservati in gran parte presso lo Senckenberg Museum (Francoforte sul Meno, Germania), e da diverse campa-
gne dell'lstituto di Scienze Marine (ISMAR, Bologna). Tutti i campioni provengono dalla parte orientale del Medi-
terraneo (Tirreno, lonio e Bacino di Levante). Inoltre, sono stati esaminati i residui < 0.6 mm di un carotaggio a
gravita, ubicato ad est di Gavdhos. In totale, sono state trovate 49 specie (Pterotracheoidea 11, Janthinidae 2,
Limacinoidea 5, Cavolinioidea 16, Cymbulioidea 8, Gymnosomata 5, incertae sedis 2). | campioni ottenuti per
dragaggio di solito forniscono semplicemente informazioni sulle specie presenti in un intervallo grossolanamente
stimato come Pleistocene superiore-Olocene, incluso |'Attuale. | campioni del carotaggio erano stati in preceden-
za datati tramite i foraminiferi planctonici, che indicano I'intervallo compreso tra il Saaliano terminale (Marine
Isotope Stage 6) e I'Olocene. Per questi campioni & stato possibile ottenere dettagli sulla distribuzione verticale
delle specie, sulla base di oltre 25.000 esemplari, in prevalenza giovanili o larvali. L'unico campione di eta saalia-
na, appena sotto il sapropel S5, assieme ai campioni dell'intervallo Eemiano comprendenti i sapropels S5, S4 ed
S3, hanno fornito le associazioni oloplanctoniche piu ricche, con oltre 2.000 esemplari per cm di sedimento in
alcuni casi, e fino a 27 specie differenti per campione, alcuni delle quali sono indicatori di acque calde. Durante
il Weichseliano, il numero di esemplari per specie diminuisce drasticamente e le specie di acque calde sono qua-
si del tutto assenti, mentre una ben nota “specie fredda”, Limacina retroversa, & presente nei due terzi superiori
dell'intervallo. Nella parte olocenica, comprendente gli ultimi 23 cm della carota, il numero di esemplari e di
specie per campione torna ad aumentare, ma senza raggiungere i valori registrati per |'Eemiano, e ricompare la
“specie calda” Heliconoides inflata. Nella parte sistematica, molto attenzione & dedicate alla morfologia e/o alla
microstruttura di esemplari particolarmente giovani o larvali. In molti casi la tassonomia, la sinonimia e/o la no-
menclatura delle specie viene discussa, con conseguenti insolite denominazioni, come per esempio il nome At-
lanta selvagensis per A. inflata, Creseis clava (Rang, 1828) per C. acicula (Rang, 1828) (entrambi gia discussi in
precedenti lavori), e Oxygyrus inflatus Benson, 1835, per cid che é di solito indicato come O. keraudrenii (Lesueur,
1817). | nomi Peracle elata (Seguenza, 1875) e P diversa (Monterosato, 1875) sono accettati per le specie di
solito indicate come P, triacantha (Fischer, 1882) e P apicifulva (Meisenheimer, 1906), rispettivamente. Particolare
attenzione & dedicata alle conchiglie larvali di specie praticamente noto solo attraverso le loro forme adulte, prive
di conchiglia: Pterotrachea, Firoloida, Cymbulia, e diverse specie di Gymnosomata. Un tipo finora sconosciuto di
conchiglia larvale di Pseudothecosomata (indicato come Peracle? sp.), riscontrato in numero considerevole nei
campioni della carota e in diversi campioni di Bologna, rappresenta forse la conchiglia larva finora sconosciuta di
Desmopterus papilio. In alcuni casi, non si concorda con I'elevazione di taxa a rango specifico, come avvenuto
nella letteratura recente nell'ambito dei generi Diacria o Cavolinia, e si & dell'opinione che in futuro saranno ne-
cessarie analisi di DNA per risolvere problematiche di questo tipo in maniera pili oggettiva. Viene designato un
neotipo per Atlanta keraudrenii Lesueur, 1817, ed un lectotipo per Steira lamanoni Eschscholtz, 1825, entrambi
sinonimi di Atlanta peronii Lesueur, 1817. Viene descritta Clio pyramidata f. tyrrhenica nov. f.

Parole chiave
Mollusca oloplanctonici, Pterotracheoidea, Janthinidae, Thecosomata, Gymnosomata, sistematica, Mediterraneo,
tardo Quaternario.



Uassue( "M auy

Introduction

In spite of a large number of publications on Mediter-
ranean holoplanktonic molluscs an up-to-date list of
species actually living in the eastern part of that basin
(roughly east of 12°E) is not available and a considera-
ble number of questions on systematics, nomenclature
and stratigraphical as well as geographical distribution
still have to be answered. In the last few decennia sev-
eral lists of Mediterranean mollusc species appeared,
partly also available on the internet (e.g. Sabelli et al.,
1990-1992; Bedulli et al., 1995; Giovine in Stoch, 2003;
Ramazzotti et al., 2006, 2007) etc., but such lists usually
are concentrated from the existing literature and are not
based on primary research.

Richter (1968) recorded 12 heteropod species from the
Gulf of Naples, five of these being species without a
shell in the adult stage (for three of them also the larval
shell was described). Rampal (1975) arrived at a total
number of 29 Mediterranean pteropods. Piani (1980), in
a list of shell bearing, living Mollusca covering the en-
tire Mediterranean basin listed only seven Heteropoda
and 27 Pteropoda. Corselli & Grecchi (1990), however,
discussing Mediterranean Thecosomata, accepted only
13 species as continually living (and reproducing) in the
basin, among a total of 32 recorded species. Sabelli et al.
(1990-1992) mentioned 11 Heteropoda and 30 Pteropoda
(all Thecosomata). Bedulli et al. (1995) listed 29 Theco-
somata and 17 Gymnosomata. Ramazzotti et al. (2007)
listed (with synonyms, but without discussion, and in-
cluding species only known as fossils) 11 Heteropoda, 4
Janthinidae and 30 Thecosomata, but no Gymnoso-
mata.

A large number of papers, apart from observations on
the living stock, also cover (usually late Pleistocene
and/or Holocene) fossil assemblages, obtained from
Mediterranean bottom samples and cores, and frequent-
ly used for palaeoclimatological interpretations: Vérany,
1853 (recording living fauna from near Nice, France);
Carus, 1890 (who predominantly concentrated records
from still older literature), Oberwimmer, 1898; Steuer,
1911 (Adriatic, pteropods observed alive, mainly listed
after earlier literature); van Straaten, 1966 (analyzing
cores of late Pleistocene-Holocene age from the SE Adri-
atic); Bottema & van Straaten, 1966; Froget, 1967; Chen,
1968; Blanc-Vernet et al., 1969; Vergnaud Grazzini &
Rosenberg Herman, 1969; Pastouret, 1970; Colantoni et
al., 1970; Di Geronimo, 1970; Herman, 1971a (with most
data repeated in 1971b), 1973, 1981; Herman & Rosen-
berg, 1971; Froget & Pastouret, 1972; Nordsieck, 1973;
Vatova, 1974; Buccheri, 1979; Rampal, 1975, 1979; Mor-
lotti & Torelli, 1979, 1980; Buccheri & Torelli, 1981; Tore-
i & Buccheri, 1981, 1983; Buccheri, 1983, 1984, 1985;
Buccheri & di Stefano, 1984; Grecchi & Bertolotti, 1988;
Vergneau-Grazzini et al., 1988, Biekart, 1989; Violanti et
al.,, 1991; Buccheri & Bertoldo, 1992; Buccheri et al.,
1994; Rampal, 1996a.

Many of these authors applied the numerical presence
of the ‘cold water’ species Limacina retroversa, compared
to that of ‘warm water’ species, such as Heliconoides in-

flata, Limacina trochiformis, Cavolinia inflexa, Diacria tri-
spinosa etc., to reconstruct Quaternary palaeoclimato-
logical curves. Palaeotemperatures were also estimated
using protoconch volumes of the species Clio pyramidata
Linné, 1767 (van der Spoel, 1975, Diester-Haass & van
der Spoel, 1978; Biekart, 1989).

In the present paper no new data are presented on the
living fauna, as all material studied originates from
more or less superficial bottom samples and from one
longer, so-called “gravity core’, all originating from E of
Sardinia. This paper aims at an inventory of late Qua-
ternary-Holocene shell-bearing pelagic molluscs and
discusses systematical and morphological items.

Abbreviations

DCS David P. Cilia, Santa Venera, Malta (private
collection).

MNHN Muséum national d’Histoire naturelle, Paris,
France.

MZB Museo di Zoologia (now Museum of Evolu-

tion), Bologna, Italy.
NHMUK The Natural History Museum, London, UK
(formerly BMNH).

RGM  Netherlands Centre for Biodiversity Natura-
lis, Palaeontology Department (formerly
Rijksmuseum van Geologie en Mineralogie),
Leiden, The Netherlands.

RMNH Netherlands Centre for Biodiversity Natura-
lis, Malacology Department (formerly Rijks-
museum van Natuurlijke Historie), Leiden,
The Netherlands.

SMF Senckenberg Museum, Malacology Depart-
ment, Frankfurt am Main, Germany.

Ku beam-trawl (German: ‘Baumkurre’).

Kg box core (German: ‘Kastengreifer”’).

H shell height.

W shell width.

H/W height/width ratio (= H/W x 100).

Names and authors of species are given (inclusive of
abbreviations and/or spelling errors) as they occur in
the cited paper, if necessary completed (between square
brackets) by the present author. Annotations preceding
the synonyms are those of Richter (1948) and Matthews
(1973):

*  — first valid introduction of a taxon;

— responsibility for the identification is accepted by
the present author;

— (no symbol) responsibility for the identification is
not accepted by the present author, but there is no
reason for doubt;

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

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

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



and additionally:

non — erroneous identification, in the opinion of the
present author.

Material and methods

Meteor box core (Kg) and beam trawl (Ku) samples

Picked holoplanktonic mollusc material from 36 box
core and beam trawl samples, all collected during the
Meteor 25 (1993) expedition in the eastern Mediterra-
nean were made available by Dr Ronald Janssen (SMF).
For a list of samples see Tab. 1, the locations are indi-
cated in Fig. 1. The Meteor samples, as usual, were
washed aboard ship on a 0.5 mm mesh, which means
that the smallest specimens (pterotracheids, gymno-
somes efc.), as well as most juveniles and larval shells,
unfortunately are lost. Incidentally, a few of these could
be retrieved from sediment remaining in larger ptero-
pods, such as Clio or Cavolinia. Washing residues were
picked out for collection purposes by the mollusc de-
partment of the Senckenberg Museum, during which
the holoplanktonic species were kept apart from the
benthics. This procedure means that only more or less
complete and/or well-preserved specimens are present,
giving just a qualitative impression of the assemblages.
Most of the Ku samples obviously are incomplete, as
only some of the larger species are represented. The

composite samples were sorted to species level by the
present author, the identified material is housed in the
Senckenberg Museum (SMF registration numbers),
apart from some duplicate specimens, housed in collec-
tion RGM. Two further, as yet unsorted box core 0.5
mm sieving residues, one from the same expedition (Me
25-37 Kg 1) and one from a 1987 Meteor trip (Me 5/1,
sample 19 Ku) were donated to RGM in their entirety.
Sample Me 5/1, 19 Ku was only sorted qualitatively by
the present author, as uncountable numbers of speci-
mens, especially so in the finer fractions, were present.
This sample still contained a restricted quantity of resi-
due under 0.5 mm, yielding some specimens of the
smallest species.

Most specimens from the various box core/beam trawl
samples are in excellent condition, varying from crystal
clear to opaque, partly of course because they were se-
lected for collection purpose only. In several samples,
however, specimens are decalcified to a certain degree
and in a few samples part of the specimens is repre-
sented by internal, presumably calcitic moulds.
Additionally, material from sample Meteor 51/3 St. 562
(Hemleben, 2002) was studied from the collection of
David P. Cilia (Santa Venera, Malta).

Gravity core

Gravity core T87/2/20G was collected on May 14, 1987,
W of Gavdhos, at coordinates 34°58’4”N 23°44’8”E and

Fig. 1. Eastern Mediterranean Sea with location of gravity core T87/2/20G (1987), Meteor 25 (1993) sample numbers (11-13, 15-25 and 37-39),
samples Meteor 5/1-19 (1987) and Meteor 51/3-562 (2001), Bannock (1974, Tyrrhenian) samples T74-55 and T74-65 and sample G19-2 (MED-
ITS2007), SW of Malta. Rectangle (solid line) = approximate location of Corsaro samples (2006, lonian Sea), rectangle (broken line) = approximate

location of Bannock samples (1972-1974, lonian Sea).

Fig. 1. Mar Mediterraneo orientale con I'ubicazione del carotaggio a gravita T87/2/20G (1987), i campioni (11-13, 15-25 e 37-39) Meteor 25 (1993),
i campioni Meteor 5/1-19 (1987) e Meteor 51/3-562 (2001), i campioni Bannock (1974, Mar Tirreno) T74-55 e T74-65 ed il campione G19-2 (MED-
ITS2007), a sud-ovest di Malta. Rettangolo (linea continua) = ubicazione approssimativa dei campioni Corsaro (2006, Mar lonio), rettangolo (linea
punteggiata) = ubicazione approssimativa dei campioni Bannock (1972-1974, Mar lonio).
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Sample Area Coordinates Water Depth Leg. Coll.

Me5/1-19 Ku South of Crete 34°43.00'N 1626-1433 m ES. “Meteor” 5/1, | RGM
25°51.60E 1701. 1987
to 34°41.60'N
25°49.90E

Me25-11 Kgl Golfo di Tarento 40°01.68'N 1529 m ES. “Meteor” SMF
17°16.41'E 18.05.1993

Me25-12 Kg2 Golfo di Tarento 39°53.78'N 504 m ES. “Meteor” SMF
17°41.52'E 18.05.1993

Me25-13 Kgl Ionian Sea 39°24.84'N 911 m ES. “Meteor” SMF
18°56.78'E 19.05.1993

Me25-13 Kg2 Ionian Sea 39°24.79'N 912 m ES. “Meteor” SMF
18°56.87'E 19.05.1993

Me25-13 Ku Ionian Sea 39°25.53'N 851-862 m ES. “Meteor” SMF
18°53.55'E 19.05.1993

Me25-15 Kg1 Ionian Sea 37°38.89'N 3008 m ES. “Meteor” SMF
18°24.67'E 20.05.1993

Me25-15 Kg2 Ionian Sea 37°38.83'N 3004 m ES. “Meteor” SMF
18°24.86'E 21.05.1993

Me25-15 Ku Ionian Sea 37°37.89'N 2996-3018 m ES. “Meteor” SMF
18°23.69'E 20.05.1993

Me25-16 Kgl off Sapienza 36°36.48'N 3848 m ES. “Meteor” SMF
21°34.28'E 22.05.1993

Me25-16 Kg2 off Sapienza 36°36.38'N 3848 m ES. “Meteor” SMF
21°34.02'E 23.05.1993

Me25-16 Ku off Sapienza 36°35.69'N 3832-3947 m ES. “Meteor” SMF
21°31.50’E 22.05.1993

Me25-17 Kgl S of Pelopénnisos | 35°50.52'N 4764 m ES. “Meteor” SMF
22°1991'E 23.05.1993

Me25-17 Kg2 S of Pelopénnisos | 35°50.55'N 4766 m ES. “Meteor” SMF
22°20.04'E 23.05.1993

Me25-18 Kgl SE of Crete 34°44.42'N 1431 m ES. “Meteor” SMF
25°51.55'E 25.05.1993

Me25-18 Kg2 SE of Crete 34°44.39'N 1383 m ES. “Meteor” SMF
25°51.09'E 26.05.1993

Me25-19 Kgl SE of Crete 34°25.04'N 4391 m ES. “Meteor” SMF
26°05.75'E 27.05.1993

Me25-19 Kg2 SE of Crete 34°24.91'N 4391 m ES. “Meteor” SMF
26°05.74'E 27.05.1993

Me25-20 Kgl Levantine Basin 34°02.59'N 2472 m ES. “Meteor” SMF
27°46.73'E 27.05.1993

Me25-20 Kg2 Levantine Basin 34°02.74'N 2455 m ES. “Meteor” SMF
27°46.73'E 28.05.1993

Me25-20 Ku Levantine Basin 34°03.23'N 2454-2461 m ES. “Meteor” SMF
27°4489'E 28.05.1993

Me25-21 Kgl Levantine Basin 33°36.29'N 3037 m ES. “Meteor” SMF
28°34.21'E 29.05.1993

Me25-21 Kg2 Levantine Basin 33°36.18'N 3039 m ES. “Meteor” SMF
28°34.25'E 29.05.1993

Tab. 1. Box core and beam trawl samples taken by Meteor 5/1 (1987), Meteor 25 (1993) and Meteor 51 (2001) cruises in the eastern Mediterranean.

Kg = box core, Ku = beam trawl.

Tab. 1. Campioni da box corer e da dragaggio raccolti dalle campagne oceanografiche Meteor 5/1 (1987), Meteor 25 (1993) e Meteor 51 (2001) nel

Mediterraneo orientale. Kg = box core, Ku = dragaggio.




Me25-22 Kg2 Levantine Basin 33°14.77'N 2948 m ES. “Meteor” SMF
29°27.43'E 30.05.1993

Me25-22 Ku Levantine Basin 33°15.30'N 2878-2885 m ES. “Meteor” SMEF
29°27.07'E 30.05.1993

Me25-23 Kgl Levantine Basin 32°40.97'N 1945 m ES. “Meteor” SMF
30°35.61'E 31.05.1993

Me25-23 Kg2 Levantine Basin 32°4091'N 1944 m ES. “Meteor” SMEF
30°35.81'E 31.05.1993

Me25-23 Ku Levantine Basin 32°42.22'N 1993-2025 m ES. “Meteor” SMF
30°31.90'E 31.05.1993

Me25-24 Kgl off Egypt 32°19.50'N 1007 m ES. “Meteor” SMF
31°10.53'E 31.05.1993

Me25-24 Kg2 off Egypt 32°19.42’N 1006 m ES. “Meteor” SMF
31°10.60'E 31.05.1993

Me25-25 Kg1 off Nile delta 32°00.57'N 199.2 m ES. “Meteor” SMF
31°53.24°E 01.06.1993

Me25-25 Ku off Nile delta 32°00.54'N 196-199 m ES. “Meteor” SMEF
31°53.70'E 01.06.1993

Me25-37 Kg1 S of Cyprus 33°19.98'N 1875 m ES. “Meteor” RGM
33°24.75'E 03.06.1993

Me25-37 Ku S of Cyprus 33°25.02'N 1889-1942 m ES. “Meteor” SMF
33°26.47'E 03.06.1993

Me25-38 Kg1 S of Cyprus 34°25.82'N 2474 m ES. “Meteor” SMF
32°37.06'E 04.06.1993

Me25-38 Ku S of Cyprus 34°27 44N 2427-2437 m ES. “Meteor” SMF
32°27.82'E 04.06.1993

Me25-39 Kgl S of Cyprus 34°01.85'N 2600 m ES. “Meteor” SMF
32°04.22'E 05.06.1993

Me25-39 Kg2 S of Cyprus 34°01.91'N 2603 m ES. “Meteor” SMF
32°04.38'E 05.06.1993

Me51-3 St. 562 off Libyan coast 32°46.45"N+ 1390 m ES. “Meteor” DCS
19°1146°E 17.11.2001

(cont’d) Tab. 1. Box core and beam trawl samples taken by Meteor 5/1 (1987), Meteor 25 (1993) and Meteor 51 (2001) cruises in the eastern

Mediterranean. Kg = box core, Ku = beam trawl.

(segue) Tab. 1. Campioni da box corer e da dragaggio raccolti dalle campagne oceanografiche Meteor 5/1 (1987), Meteor 25 (1993) e Meteor 51

(2001) nel Mediterraneo orientale. Kg = box core, Ku = dragaggio.

a water depth of 707 m by the Tyro 1987/2 Crete Peri-
meter Cruise, a Dutch/Greek research project in the
eastern Mediterranean. The recovered core has a length
of 2.835 m and was originally split up into three sec-
tions, numbered 1-3 from bottom to top, with lengths of
1 m, 1 m and 0.835 m, respectively. These sections were
studied for planktonic Foraminifera, as a contribution
to the PhD of E.J. Rohling of the Geological Institute of
Utrecht University (The Netherlands) by two students
of the same institute, viz. R.H.G. van Rijckevorsel (sec-
tion 3) and G.J. Weltje (sections 1-2). Results were not
published, but are recorded in internal reports (van Ri-
jckevorsel, 1988; Weltje, 1988). Mollusca were analysed
from the remaining sieving residues of 150-600 um,
which therefore yielded exclusively juvenile specimens/
protoconchs. All mollusc specimens are in the RGM-
collections.

Bologna samples (ISMAR-CNR)

As in most of the Meteor samples the finer sieving resi-
dues were absent I asked Dr Marco Taviani (Institute of
Marine Sciences-CNR, Bologna, Italy) for additional,
preferably unwashed eastern Mediterranean bottom
samples. This request was generously rewarded by
making a large number of samples available for study
from the Ionian Sea as well as some samples from the
Tyrrhenian hosted in the repository of ISMAR-CNR,
Bologna. Many such bottom samples were collected by
the former Laboratorio de Geologia Marina of CNR
(now ISMAR-CNR), in the early 1970’s during RV ‘Ban-
nock” cruises CJ72, J73 and ]74- (lonian Sea) and T74-
(Tyrrhenian Sea) (see Sartori, 1977). Another number of
samples was recovered in 2006 during the CORSARO
cruise of RV. ‘Urania’” (CR-samples, Ionian Sea.).
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Unwashed samples were processed by the present au-
thor on a 0.125 mm mesh. A selected number of these
samples was subsequently analysed for this study. Ben-
thic molluscs and a selection of the non-molluscs from
these samples are returned to Bologna, washed residues
of many other samples, as well as the picked residues
still containing all micro-fossils (foraminifers, ostracods
etc.), are made available to Professor Patrick J. Schembri
(Malta University). Details of the analysed samples are
given below and in Tab. 2.

Many of the Bologna samples are collected by ‘draga’ (=
dredge). It was custom in those days to dredge using
heavily chained iron geologic dredges to seek for ‘rocks’.
Many times they intercepted soft sediments of various
ages, often clogging to the dredge: an iron cylinder hit-
ting the seafloor and being dragged for some time. Once
on deck of the ship the content of the dredge is extrud-
ed and one tries to reconstruct ‘stratigraphy’. One ‘geo-
metric’ stratigraphy is the position of sediment from the
dredge entrance (‘bocca’ = mouth) to the gridded end
(‘fondo” = bottom), which of course gives no clue on the
real stratigraphic position of subsamples (data from M.
Taviani, in litt.).

The age of the specimens, dredged from bottom sedi-
ments to a depth of up to 0.50 m below sea floor (but
usually less) varies most probably from late Pleistocene
to Recent. Although obviously depending upon local
situations, the Holocene muddy drape of the Mediter-
ranean Sea bottom at bathyal depths is normally rather
thin, in the order of few cm (e.g. only 23 cm in gravity
core T87/2/20G). In principle, bottom sediment in box-
cores might therefore be older than Holocene. Only pre-
cise dating (C14, biostratigraphy) could solve this prob-
lem but was beyond the scope of this paper.

Corsaro-cruise (2006), Ionian Sea

CR20 Off Gallipoli, 39°55'09” N 17°36'42” E to
39°55'08” N 17°36’42” E, 612.45-612.92 m water
depth, April 29, 2006, 135 g (grab).

CR31 Off Gallipoli, 39°50'06” N 17°37’42” E to
39°50'03” N 17°37’42.2” E, 1090 m water depth,
April 29, 2006, 40 g (grab). Fine, very slightly
clayey sand, residue 14 g.

CR33 Off Gallipoli, 39°49'58” N 17°36’50” E to
39°49'59.4” N 17°36’49.2” E, 1276 m water
depth, April 29, 2006, 110 g (grab). Apparently
a washed sample, finer fractions are almost for
100% foraminifera (mainly globigerinids), but
also yielding quite numerous pteropods. Speci-
mens of Heliconoides inflata and some other
species frequently look very fresh. Few speci-
mens are in internal mould preservation. The
fraction < 0.2 mm contains much mica. Identi-
fied specimens are in MZB.

CR 34 Off Santa Maria di Leuca, 39°33'20” N 18°13’15”
E to 39°3318” N 18°13’15” E, 540.8-547 m wa-

ter depth, April 30, 2006 (grab). Grey fine sand,
95 g, sieving residue 12 g, containing abundant
plant debris (?). Most pteropod and heteropod
specimens are quite fresh, only few specimens
are in internal mould preservation.
CR39 Off Santa Maria di Leuca, 39°33'14.8” N
17°36’50” E to 39°33'27.4” N 18°13'16.3” to
18°13’11.1” E, 577-540 m water depth, April 20,
2006, epibenthic grab. Light brownish, fine-
sandy sample of 90 g, washing residue 48 g,
containing numerous small pteropods and he-
teropods. Only few specimens are in internal
mould preservation. Surprisingly many speci-
mens of Atlanta lesueurii are present. Among
the non-mollusca many fragments of crusta-
ceans (decapods). Of a second sample from
this locality (40 g, residue 34 g, all < 2 mm)
only the fractions > 0.5 mm were analyzed.
CR 42 Santa Maria di Leuca, 39°29'58” N 18°14'31” E
to 39°30739.6” N 18°14'11.3” E, 755-802 m wa-
ter depth, April 20, 2006, epibenthic dredge,
285 g.
CR 68 Santa Maria di Leuca, 39°28'18.6” N 18°21'57.8”
E to 39°29'10” N 18°22’13” E, 790-776 m, May
2, 2006, epibenthic dredge. Sample consisting
of fine foraminifera sand, 125 g, residue of 98
g, containing no fraction > 2 mm. Abundant
small heteropods and pteropods are present.
Fractions < 0.3 mm are analyzed only pro parte
because of overwhelming quantities of fo-
raminifera.
CR 70 Santa Maria di Leuca, 39°28'29” N 18°22°01” E
to 39°28'26.56” N 18°21'59.10” E, 780-778.7 m
water depth, 2 May 2006, grab, 85 g, residue of
15 g, yielding almost exclusively juvenile
specimens, among which the rare Pterotrachea
sp. 1.

Bannock-cruises (1972-1974), Ionian Sea

Sample CJ72 I1I-20, 38°55.2" N 17°21.6" E to 38°55.6” N
17°20.8" E, 1297-1181 m water depth, August
1972, dredge. Grey clay, 100 g. Small residue
yielding almost exclusively juvenile pteropod
specimens.

Sample CJ72 I1I-21, 39°02.1" N 18°03.1" E to 39°02.0” N
18°02.0" E, 2346-2177 m water depth, August
1972, dredge.Yellowish-grey, sandy clay, 110 g.
The residue yielded relatively few species. A
further sample from the same locality, but
marked ‘bottom’, of 205 g, yielded a residue,
all <2 mm, of only 4 g. Many, mainly juvenile
holoplanktonic specimens are present, but in a
rather fragile state of preservation (slightly de-
calcified).



Station Gear Area Date Coordinates Sea-Depth
BANNOCK 1972-1974

CJ72 11-20 dredge Ionian Sea 6-29/8/1972 | 38°55.2'N to 38°55.6"N 1297-1181 m
17°21.6'E 17°20.8'E

CJ72 1II-21 dredge Ionian Sea 6-29/8/1972 39°02.1'N to 39°02.0”"N 2346-2177 m
18°03.1'E 18°02.0'E

CJ72 1I1-22 dredge Ionian Sea 6-29/8/1972 39°00.5'N to 39°01.0"N 2499-2401 m
18°02.0'E 18°00.5'E

CJ72 11-23 dredge Ionian Sea 6-29/8/1972 | 39°14.8'N to 39°145.3"N 1084-917 m
17°36.2'E 17°35.8’'E

CJ72 1M1-25 dredge Ionian Sea 6-29/8/1972 | 39°32.7’N to 39°33.1"N 950-904 m
18°05.0'E 18°04.9'E

CJj72 11-27 dredge Ionian Sea 6-29/8/1972 38°48.0'N to 38°48.5”N 2350-1707 m
18°38.4'E 18°39.9'E

J73-6 dredge Ionian Sea 6-25/5/1973 38°11.3'N to 38°12.6'N 2278-1940 m
17°40.2'E 17°39.2'E

J73-17 dredge Ionian Sea 6-25/5/1973 | 38°18.7’N to 38°19.3'N 2589-2059 m
17°46.0'E 17°44.7'E

J73-29 dredge Ionian Sea 6-25/5/1973 | 39°09.8'N to 39°09.7’N 1731-1351 m
17°40.1'E 17°38.6'E

J74-9 dredge Ionian Sea 12-26/8/1974 | 39°03.3'N to 39°00.9'N 1148-1148 m
18°54.2'E 18°53.1'E

J74-10 dredge Ionian Sea 12-26/8/1974 | 39°03.6'N to 39°03.5'N 1196-1126 m
18°54.2'E 18°54.0'E

J74-12 dredge Ionian Sea 12-26/8/1974 | 39°33.3'N to 39°33.6'N 1017-1060 m
18°04.7’E 18°05.5’E

J74-19 dredge Ionian Sea 12-26/8/1974 | 39°23.4'N 2291 m
17°53.0'E

BANNOCK 1974

T74-55 dredge Tyrrhenian 4-22/6/1974 | 39°35.3'N 3103-2165 m
13°51.0'E

T74-65 dredge Tyrrhenian 4-22/6/1974 | 38°52.8'N to 38°50.0' N 3120-2510 m
14°09.8'E 14°09.8" E

CORSARO 2006

CR20 Grab off Gallipoli 29/4/2006 39°55'09”"N to | 39°55'08"N 612.45-612.92 m
17°36'42"E 17°36'42"E

CR31 Grab off Gallipoli 29/4/2006 39°5006"N to 39°50'03"N 1090-1090 m
17°37°42"E 17°37°42.2"E

CR33 Grab off Gallipoli 29/4/2006 39°49'58"N to 39°49'59.4”"N 1276-1276 m
17°36'50”E 17°36'49.2"E

CR34 Grab S. M. di Leuca 29/4/2006 39°33'20"N to | 39°33'18"N 540.8-547 m
18°13'15"E 18°13'15"E

CR39 Ep. dredge | S. M. di Leuca 30/4/2006 39°33'14.8”N to 39°33'27.4”"N 577-540 m
18°13'16.3"E 18°13'111"E

CR42 Ep. dredge | S. M. di Leuca 30/4/2006 39°29'58”"N to 39°30'39.6"N 802-755 m
18°14'31"E 18°14'11.3"E

CR68 Ep. dredge | S. M. di Leuca 2/5/2006 39°28'18.6"N to 39°29'10"N 790-776 m
18°21'57.8"E 18°22"13"E

CR70 Grab S. M. di Leuca 2/5/2006 39°28'29”"N to | 39°2826.56"N | 780-778.7 m
18°22'01"E 18°21'59.10"E

Tab. 2. Bologna samples analyzed for the present paper, Bannock (1972-1974, lonian Sea), Bannock (1974, Tyrrhenian Sea) and Corsaro (2006, lo-

nian Sea) cruises.

Tab. 2. Campioni d Bologna studiati nel presente lavoro, campagne oceanografiche Bannock (1972-1974, Mar lonio), Bannock (1974, Mar Tirreno) e

Corsaro (2006, Mar lonio).
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Sample

Sample

Sample

Sample

Sample

Sample

Sample

CJ72 1I-22 (bottom), 39°00.5" N 18°02.0" E to
39°01.0” N 18°00.5" E, 2499-2401 m water depth,
August 1972. Grey clay, c. 100 g, residue only 7
g with relatively few, small and poorly pre-
served (decalcified) specimens, and mica flakes.
Identified specimens are in MZB.

(J72 111-23, 39°14.8" N 17°36.2" E to 39°145.3” N
17°35.8" E, 1084-917 m water depth, August
1972. Small, incomplete sample with only some
larger specimens.

CJ72 1II-25 (top), 39°32.7” N 18°05.0" E to
39°33.1” N 18°04.9" E, 950-904 m water depth,
August 1972 (dredge). Yellowish-grey clay, 170
g, residue contains several blackish phospho-
rites with epibionts and some pieces of white
calcareous rock. Part of the pteropod material
is in internal mould preservation.

CJ72 MI-27 (centre), 38°48.0° N 18°38.4" E to
38°48.5” N 18°39.9" E, 2350-1707 m water
depth, August 1972 (dredge). Hard grey clay,
180 g, residue 7 g, containing small rock frag-
ments and in the finer fractions many plank-
tonic foraminifera. Coarser fractions yielding
few molluscs only, among which Limacina retro-
versa and Diacria trispinosa (as fragments), but
from the residue < 0.5 mm numerous small
species and juveniles of larger ones were col-
lected (e.g. over a hundred specimens of Gym-
nosomata).

J73-6, 38°11.3' N 17°40.2" E to 38°12.6°’ N
17°39.2" E, 2278-1940 m water depth, May
1973, dredge. Gray clay, sediment sample of
140 g. Residue consisting of practically 100%
foraminifera (globigerinids) in the fractions <
0.5 mm. Only two species of holoplanktonic
molluscs, mainly Limacina retroversa, with
traces of aragonite dissolution, but no internal
moulds.

J73-17, 38°18.7" N 17°46.0" E to 38°19.3" N
17°44.7" E, 2589-2059 m water depth, May 1973,
dredge. Yellowish clay, 125 g, sieving residue 48
g, containing some larger, brownish phospho-
rites and yellowish-grey rock fragments, both
with epibionts and the latter containing speci-
mens of Limacina retroversa. The sample contains
abundant isolated specimens of Limacina retro-
versa. Two internal moulds are present of Cavo-
linia tridentata and several of Clio pyramidata £.
lanceolata. Among the non-molluscs many bony
fish otoliths are present. Sieving fractions under
0.5 mm consist for 99.9% of foraminifera and
were not analyzed.

J73-29, 39°09.8" N 17°40.1" E to 39°09.7” N
17°38.6" E, 1731-1351 m water depth, May 1973,

dredge. An already washed residue of c. 10 g
only.

Sample ]74-9,39°03.3" N 18°54.2" E to 39°00.9’ N 18°53.1’

E, 1148 m water depth, August 1974, dredge.
Washed (?) sample of predominantly coarse
specimens, with only a very small quantity of
the fraction < 1 mm. Furthermore, a sediment
sample (brownish-grey clay, 130 g) the washed
residue of which includes only very restricted
numbers of globigerinids and therefore was
very rewarding for the smaller holoplanktonic
mollusc species. Specimens are partly in shell
preservation, partly as internal moulds. Mate-
rials from the two samples are combined in the
collection. To save time abundant larger spe-
cies were only collected from the coarser frac-
tions, their more juvenile specimens occur,
sometimes in thousands of specimens, in the
finer residues.

Two further sediment samples from this station
consist of 165 and 105 g of yellowish-grey to
yellowish-brown clay, their residues of 15 g and
11 g respectively contain consolidated lime-
stone flakes and large quantities of foraminif-
era. These samples were not analyzed.

Sample ]J74-10, 39°03.6" N 18°54.2" E to 39°03.5" N

18°54.0" E, 1196-1126 m water depth, August
1974. Sample (< 5 g) of yellowish-grey clay,
residue with relatively many, but very small
molluscs, partly in internal mould preserva-
tion, and only few foraminifera.

Sample J74-12, 39°33.3° N 18°04.7” E to 39°33.6" N

18°05.5" E, 1017-1060 m water depth, August
1974. Two samples: a washed residue contain-
ing many blackish phosphorites (95 g) and
some fossil material, mainly internal moulds of
molluscs, and a sediment sample (195 g) of
yellowish-grey clay, the residue of which (~ 40
g) contains only few of these phosphorites and
exists for a very large part of foraminifera. On-
ly parts of the fraction < 0.3 mm were inspect-
ed. A small part of the pteropods is in internal
mould preservation.

Sample ]J74-19, 39°23.4° N 17°53.0" E, 2291 m water

depth, 12-26 August 1974. A single sample
from a core of 480 cm length. Gray clay, posi-
tion in the core not indicated, but obviously
from a relatively cold period: very common
Clio pyramidata f. tyrrhenica and Limacina retro-
versa, furthermore one specimen of Firoloida
desmarestia and Clio polita only.

Bannock-cruise (1974), Tyrrhenian Sea

Sample T74-55, subsample 6, 39°35.3° N 13°51.0 E,

dredged at 3103-2165 m water depth, June 1974.



Block of yellowish clay, 700 g and a bag of
partly washed sediment, without the fraction
<1 mm, 105 g.). Washing this sample in hot
water hardly resulted in a reduction, only the
block of sediment disintegrated in smaller
pieces (0.5-1 cm size) of slightly lithified clay
or very soft limestone, during which some
adult specimens of Diacria trispinosa and Clio
pyramidata became visible. After drying the
sample was treated with hydrogen peroxide
3%, resulting in almost complete disintegra-
tion of the matrix, but still containing a con-
siderable portion of sediment in the fractions
< 1 mm. Floating material freed during the
various washings was caught and contains,
apart from 99% or more foraminifers also
some molluscs, among which numerous Li-
macina retroversa. Even a second treatment
with peroxide did not result in a clean resi-
due (final weight < 1 mm 220 g). The two
residues are united, the floating residue is
kept separate. The 220 g residue was not ana-
lyzed, as it is too strongly diluted to be use-
ful.

Sample T74-65, subsamples 1, 2, 9 and 10, 38°52.8" N
14°09.8" E to 38°50.0" N 14°09.8" E. dredged at
3.120-2.510 m water depth, June 1974.

Subsample T74-65-1.

Yellowish clay pieces, 300 g. Washing in hot
water followed by H,O, treatment resulted in a
clean > 0.125 mm residue of only 10 g, contain-
ing abundant foraminifers and small hetero-
pods/pteropods, the larger ones all fragmen-
tized. Fractions < 0.3 mm contain relatively
few foraminifera and are therefore very re-
warding for mini-molluscs: numerous gymno-
somatous larval shells could be collected.
Limacina retroversa is completely absent in this
sample.

Subsample T74-65-2.

A sieving residue of mainly foraminifera and
pteropods and still containing some sediment;
43 g. Sample washed again on 0.125 mm mesh
(dry residue then 24 g). Only smaller, mainly
juvenile specimens present, assemblage in-
cluding many Limacina retroversa. Fraction <
0.3 mm picked only pro parte.

Subsample T74-65-9.
Yellowish clay pieces, 630 g. Processing this
sample with hot water was not successful.
Treatment with H,O, reduced the material
with c. 50%, the residue containing a few larg-
er limestone pieces and still slightly lithified
clay pieces. Second washing with peroxide al-
so was not very successful: residue still con-
taining matrix pieces (weight 175 g). Floating

fraction consists of planktonic foraminiferids
and a few molluscs (Limacina retroversa and as
a surprise a nice specimen of Peracle moluccen-
sis, the only one in this study). Fractions > 0.5
mm contain many multicolor minerals (vol-
canoclastics?), fractions < 0.5 mm consist for
practically 100% of foraminifera and volcanic
ashes. Not analyzed as there are hardly any
molluscs in it, except for very few juvenile
Limacina retroversa. The floating residue is kept
separate.

Subsample T74-65-10.

A washed sample of yellowish-grey limestone
pieces, with Clio and Cavolinia present; 120 g.
This sample, apparently washed on a 0.25 mm
mesh, is characterized by the presence of abun-
dant small limestone pieces, in which occasion-
ally specimens of the pteropod Limacina retro-
versa and some specimens of Clio pyramidata,
deviating from the usual f. lanceolata (and de-
scribed below as f. tyrrhenica n.f.) are seen. Iso-
lated specimens of these species, as well as the
few specimens of Clio oblonga, usually still
show remnants of or infill with the same lime-
stone. Other specimens in this sample do not
show an origin from the limestone, are less
opaque and originate presumably from ano-
ther, unlithified (higher?) part of the bottom
sediments.

Additionally, Mr Constantine Mifsud (Malta) donated
fossil looking specimens from SW of Malta, MED-
ITS2007, sta. G19-2, water depth 460 m, coordinates 35°
31.30" N 14° 05.22" E, a grab sample of bottom sediment
in which Limacina retroversa is by far the most common
species. Also Clio pyramidata is abundant, specimens be-
long partly to f. tyrrhenica nov. f. and partly to f. lanceo-
lata, with transitional forms present. Among the 13 spe-
cies present in this sample are 25 specimens of Cavolinia
inflexa f. imitans and 20 of Diacria trispinosa, all in the
same internal mould preservation.

Systematics

Lists of synonyms are mainly restricted to the first valid
description and to some selected, more recent papers, in
which a species is well-described and/or -illustrated.
Synonyms and type species are cited litterally as given
in the paper referred to, inclusive of abbreviations or
spelling errors. Without attempting completeness, Me-
diterranean records in literature are also included in the
lists of synonyms with preference, even if only referred
to in stratigraphical or palaeoclimatological context.
Descriptions of well-known species are usually omitted,
the reader is referred to one or more of the recent pub-
lications given in the synonyms.

Systematics above genus level are according to Janssen
(2003) and Bouchet & Rocroi (2005).
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Phylum Mollusca Linnaeus, 1758
Class Gastropoda Cuvier, 1797
Clade Littorinimorpha Golikov & Starobogatov, 1975
Superfamily Pterotracheoidea Rafinesque, 1814
(= ‘Heteropoda’)
Family Atlantidae Rang, 1829

Genus Atlanta Lesueur, 1817

Type species - ‘Atlanta Peronii’ (by subsequent designa-
tion, de Blainville, 1825: p. 493) = Atlanta peronii Lesueur,
1817 (Recent).

Note: Specimens of the genus Atlanta occur frequently
in the eastern Mediterranean samples. Shells from the
Meteor box core and beam trawl samples, always larger
than 0.5 mm, are easily recognized and identified to spe-
cies. Many specimens from the gravity core and the Bo-
logna samples, however, have a diameter of just 0.15-0.6
mm and therefore represent larval shells and frequently
even only the first whorls of the larval shell. Therefore
an identification of such specimens, especially those
from the gravity core, has not been attempted and they
are specified below as Atlanta sp. (div.). Continued study,
however, of later obtained samples, especially those re-
ceived from Bologna, brought sufficient experience to
also recognize most of the very small Atlanta-specimens,
even if only representing the early protoconch whorls.
Many of the Atlanta-species recognized nowadays (Sea-
py, 2011, in Tree of Life website) were traditionally at-
tributed to Souleyet (1852), e.g. by van der Spoel (1976)
and many other authors. Recently, however, it was
found out (Rosenberg in ICZN, 2009) that Souleyet’s at-
las in which those species are illustrated with French
vernacular names was already published earlier, pre-
sumably in 1841. These names were latinized by John
Edward Gray (1850), who by doing so became author of
those taxa. For details see Janssen & Seapy (2009b).

Atlanta brunnea ].E. Gray, 1850
(Fig. 40A-E)

Atlante brune - Eydoux & Souleyet, [1841]: atlas, pl. 21,
figs 15-29.

Atalante brune — MLE. Gray, 1850: p. 46, pl. 242, fig. 5
(copied from Eydoux & Souleyet: pl. 21, fig. 15).
Atlanta brunnea, Eydoux, J.E. Gray, 1850: p. 101.

Atlanta fusca, Souleyet, 1852: p. 389.

Atlanta fusca Souleyet — Issel, 1911: p. 8.

Atlanta fusca Souleyet 1852 — Richter, 1968: p. 358, figs 9,
10 (shell), 11 (veliger).

Atlanta fusca Souleyet — Di Geronimo, 1970: p. 61, pl. 2,
fig. 1a, b.

? Atlanta sp. — Colantoni et al., 1970: pl. 26, fig. 10.
Atlanta fusca Souleyet —Thiriot-Quiévreux, 1972: p. 561,
pl. 7, figs A-G).

Atlanta fusca Souleyet — Vatova, 1974: p. 104, pl. 3, fig. B
(mala, or mixed up with pl. 2. fig. B?).

Atlanta fusca Souleyet, 1852 — van der Spoel, 1976: p.
145, figs 141a-f, 230 (with additional earlier synonyms)

Atlanta fusca Souleyet, 1852 — Grecchi, 1984: p. 20, pl. 2,
figs 7, 8.

Atlanta fusca Souleyet, 1852 — Grecchi & Bertolotti, 1988:
p- 122, pl. 2, figs 5, 9, 10.

Atlanta fusca Souleyet, 1852 — Seapy, 1990: p. 123, figs
6G, 10A-D.

Atlanta fusca Souleyet, 1852 — Richter & Seapy, 1999: p.
634, figs 1A, 6E.

Atlanta fusca Souleyet, 1852 — Gofas et al., 2001: p. 192.
Atlanta brunnea Gray, 1850 — Giovine in Stoch, 2003:
Faunaitalia website.

Atlanta fusca Souleyet, 1852 — Janssen, 2007a: p. 146, pl.
2, figs 3-5; pl. 3, figs 1-3.

Atlanta brunnea Gray, 1850 — Rosenberg, 2009: Malacolog
website.

Atlanta brunnea Gray 1850 — Seapy, 2010a: Tree of Life
website, 11 figs

Atlanta brunnea ].E. Gray, 1850 - WoRMS website, 2011.
Atlanta fusca Souleyet 1852 - CLEMAM website, 2011.

Description

See Seapy (1990, 2010a). Among the Mediterranean At-
lanta-species, A. brunnea is the easiest to recognize. It
has a relatively solid shell with a rather high conical
protoconch and clear spiral ornament, which make also
very juvenile specimens easily recognizable (Fig. 40E).
Fully grown specimens from most bottom samples com-
monly have their reddish-brown colour preserved. In
strong magnification the nucleus and early whorls (Fig.
40B-D) appear to be finely granulated. The transition
from protoconch to teleoconch is clear by the sudden
change in ornament (Fig. 40D). The micro-ornament of
this species was also described and nicely illustrated by
Thiriot-Quiévreux (1972: pl. 7).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 507/many; Me25-12 Kg2, SMF 332872/1; Me25-13
Kgl, SMF 332881/3;, Me25-13 Kg2, SMF 332898/4;
Me25-15 Kgl, SMF 332916/79; Me25-15 Kg2, SMF
332935/23; Me25-15 Ku, SMF 332955/12; Me25-16 Kgl1,
SMF 332971/75; Me25-16 Kg2, SMF 332993/39; Me25-
17 Kgl, RGM 569 497/20, SMF 333021/59; Me25-17
Kg2, SMF 333042/11; Me25-18 Kgl, SMF 333061/35;
Me25-18 Kg2, SMF 333075/19; Me25-19 Kgl, SMF
333092/20; Me25-19 Kg2, SMF 333109/15; Me25-20 Kg1,
SMF 333130/24; Me25-20 Kg2, SMF 333149/26; Me25-
20 Ku, SMF 333169/ 64; Me25-21 Kg1, RGM 569 502/20,
SMF 333190/120; Me25-21 Kg2, SMF 333211/18; Me25-
22 Kg2, SMF 333229/27; Me25-23 Kgl, SMF 333252/52;
Me25-23 Kg2, SMF 333272/64; Me25-23 Ku, SMF
333290/31; Me25-24 Kgl, SMF 333308/6; Me25-24 Kg2,
SMF 333323/17; Me25-37 Kgl, RGM 541 608/13, RGM
541 608a/1 (Fig. 40A-D); Me25-37 Ku, SMF 333352/36;
Me25-38 Kgl, SMF 333370/10; Me25-38 Ku, SMF
333388/1; Me25-39 Kgl, SMF 333402/10; Me25-39 Kg2,
SMF 333420/16.

Gravity core T87/2/20G (Eemian): sample 2.47-2.48 m,



RGM 569 095a/3; 2.45-2.46 m, RGM 569 097/1 proto-
conch; 2.42-2.43 m, RGM 569 101/8 protoconchs; 2.36-
2.37 m, RGM 569 120/25 protoconchs, RGM 569 120a/1
protoconch (Fig. 40E); 2.33-2.34 m, RGM 569 147/2 pro-
toconchs; 2.30-2.31 m, RGM 569 181a/2; 2.24-2.25 m,
RGM 569 182/19; 2.21-2.22 m, RGM 569 226/3 proto-
conchs; 2.16-2.17 m, RGM 569 254a/1.

Gravity core T87/2/20G (Holocene), sample 0.05-0.06
m, RGM 569 392/1.

Bologna samples: CJ 72 11I-20, RGM 570 404/1; CJ 72
I1I-21 (bottom), RGM 570 739/1, 9 juveniles; C] 72 I11-22,
MZB (ex RGM 570 638)/1, 3 juveniles; CJ 72 I1I-25 (top),
RGM 570 522/2 protoconchs; CR 20, RGM 570 377/5;
CR 33, MZB (ex RGM 569 779)/3 juveniles; CR 34, RGM
570 660/1 juvenile; CR 39, RGM 570 601/8, 8 juveniles;
CR 42, RGM 570 343/8; CR 68, RGM 570 708/10, 28 ju-
veniles; CR 70, RGM 570 550/2, 6 protoconchs; J 74-9,
RGM 570 485/1, c. 30 juveniles; ] 74-12, RGM 569 809/4
juveniles; T74-65-1, RGM 570 938/many (mainly juve-
niles); T74-65-2, RGM 570 877/5, c. 35 juveniles.

Discussion

Atlanta brunnea, in literature usually referred to as A.
fusca Souleyet, is a common species, present in almost
all box core and beam trawl, as well as in most of the
Bologna samples from the Ionian and Tyrrhenian seas,
sometimes in rather large numbers. Even among the
very small-sized specimens from the gravity core some
protoconchs could be recognized by their peculiar shape
and ornament. In the core this species was relatively
common (Tab. 3b) in the Eemian interval between the
sapropels S5 and S4, occurring in numbers between ze-
ro and 26 per sample; a single further specimen was
only present in the uppermost Holocene sample.
CLEMAM (2011) still claims ‘Atlanta fusca Souleyet,
1852’ to be the valid name of this species, and ‘A. brun-
nea Gray 1850’ its ‘dubious!” synonym.

Atlanta helicinoidea ].E. Gray, 1850

Atlante helicinoide — Eydoux & Souleyet [1841]: atlas,
pl. 20. figs 23-30.

? Atlante déprimée — Eydoux & Souleyet [1841]: atlas,
pl. 20. figs 31-37.

Atalante Helicinoide — M.E. Gray, 1850: p. 46, pl. 242,
fig. 2, 2a (copied from Eydoux & Souleyet: pl. 20).

? Atalante déprimée — MLE. Gray, 1850: p. 46, pl. 242, fig.
4 (copied from Eydoux & Souleyet: pl. 20).

Atlanta helicinoidea, Eydoux, ].E. Gray, 1850: p. 101.

? Atlanta depressa, Eydoux, J.E. Gray, 1850: p. 101.
Atlanta helicinoides, Souleyet, 1852: p. 384.

? Atlanta depressa, Souleyet, 1852: p. 385.

Atlanta helicinoides Souleyet — Franc, 1949: p. 214, figs
7-11.

Atlanta helicinoides Souleyet, 1852 — van der Spoel, 1976:
p. 144, fig. 140a, b, 230 (with additional synonyms).
Atlanta helicinoides Souleyet 1852 — Richter, 1987: p. 179,
pl. 1, figs 5, 6; pl. 2, figs 15, 16; pl. 4, figs 31-32; pl. 5. figs
33, 40; pl. 6, figs 43, 44, 51, 52, 54; pl. 7, figs 58-60.

Atlanta helicinoides Souleyet, 1852 — Grecchi & Bertolotti:
1988: p. 121, pl. 2, fig. 4.

Atlanta helicinoides Souleyet, 1852 — Seapy, 1990: p. 126,
figs 1C, 2C, 6], 11E-H.

Atlanta helicinoides Souleyet, 1852 — Richter & Seapy,
1999: p. 636, fig. 6A.

Atlanta helicinoides Souleyet, 1852 — Gofas et al., 2001: p.
192.

Atlanta helicinoides Souleyet, 1852 — Giovine in Stoch,
2003: Faunaitalia website.

Atlanta helicinoides Souleyet, 1852 — Janssen, 2007a: p.
146, pl. 3, figs 4-6; pl. 4, figs 1-5.

Atlanta helicinoidea Gray, 1850 — Rosenberg, 2009, Mala-
colog website.

Atlanta helicinoidea Gray 1850 — Seapy, 2010a, Tree of
Life website, 15 figs

Atlanta helicinoidea ].E. Gray, 1850 — WoRMS website,
2011.

Atlanta helicinoides Souleyet 1852 — CLEMAM website,
2011.

Description

See Richter (1987) and Seapy (1990, 2010a). Just a few
specimens, the largest semiadult (SMF 332994), differ
from Atlanta selvagensis in having 4% protoconch whorls
instead of 3%4-3% and thus it is the fifth whorl increas-
ing rapidly in width. The whorls of the larval shells
have a spiral ornament, which is, however, weaker than
in typical specimens of this species, only the two juve-
niles from sample Me51/3-562 (DCS) have the normal
ornament for this species. According to Richter (1987: p.
181, compare his pl. 3, fig. 27), however, the strenght of
the spiral sculpture is variable in this species.

Material examined

Box core and beam trawl samples: Me25-16 Kg2, SMF
332994/1; Meb51/3-562, DCS RGA801/2 protoconchs.
Bologna samples (all protoconchs): CJ 72 III-21 (bot-
tom), RGM 570 740/2; CJ 72 III-25 (top), RGM 570
523/3; CR 39, RGM 570 602/11; CR 42, RGM 570 344/1;
CR 68, RGM 570 709/4; ] 74-9, RGM 570 593/2.

Discussion

Atlanta helicinoidea has not yet been recorded from the
eastern Mediterranean (‘nicht im zentralen und ostl. Mit-
telmeer’; Richter, 1987: p. 179). This seems to be acknowl-
edged by the present very few, probably drifted speci-
mens, a reproducing population obviously is or has
been absent. The specimens are all opaque and, al-
though well-preserved, do not look very fresh. They are
too few in number to document a healthy, former popu-
lation of this species in the Levantine basin.

Atlanta depressa ].E. Gray, 1850 was considered (but with
a query) to be an unornamented specimen of ‘A. helici-
noides’ by Tesch (1946: p. 20); also Rosenberg (2009)
gives A. depressa as a synonym of the present species.
Van der Spoel (1976: p. 145), however, considered it a
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probable synonym of A. echinogyra Richter, 1972. As no
syntypes seem to be in existence (J.E. Gray, 1855: p. 14;
van der Spoel, 1976: p. 207ff) the question is doomed to
remain unanswered. CLEMAM (2011) still claims “At-
lanta helicinoides Souleyet, 1852 to be the valid name of
this species.

Atlanta lesueurii ].E. Gray, 1850
(Fig. 42A, B)

Atlante de Lesueur — Eydoux & Souleyet [1841]: atlas,
pl. 20, figs 1-8.

Atalante de Lesueur — M.E. Gray, 1850: p. 46, pl. 241,
fig. 5 (copied from Eydoux & Souleyet, pl. 20).

Atlanta Lesueurii, Eydoux, J.E. Gray, 1850: p. 101.
Atlanta Lesueurii, Souleyet, 1852: p. 380.

Atlanta primitia (Gould) — Couthouy in Gould, 1852: p.
491.

Atlanta primitia — Gould, 1856: pl. 51: fig. 597.

Atlanta Lesueuri Souleyet — Issel, 1911: p. 6.

Atlantqa lesueurii Souleyet 1852 — Richter, 1968: p. 355,
figs 5, 6a.

Atlanta lesueuri Souleyet — Di Geronimo, 1970: p. 58, plL
1, fig. 3°, b.

? Atlanta lesueuri Souleyet — Vatova, 1974: p. 102, pl. 2,
fig. B (mala, or mixed up with pl. 3, fig. B?) (excl. syn-
onymy).

Atlanta lesueuri Souleyet, 1852 — van der Spoel, 1976: p.
143, fig. 138 (pars, includes Atlanta oligogyra).

Atlanta lesueuri Souleyet 1852 — Richter, 1986: p. 21, text-
fig. 1, pl. 1, figs 1, 2 (shells); pl. 2, figs 5, 9-14 (radula).
Atlanta lesueuri Souleyet, 1852 — Seapy, 1990: p. 118, figs
5B, 6A, 7A-D.

Atlanta lesueuri Souleyet, 1852 — Richter & Seapy, 1999:
p. 636, figs 1C, 6C.

Atlanta lesueurii Souleyet, 1852 — Gofas et al., 2001: p.
192.

Atlanta lesueurii Souleyet, 1852 — Giovine, in Stoch, 2003:
Faunaitalia website.

Atlanta lesueuri Souleyet, 1852 — Janssen, 2007a: p. 147,
pl. 5, figs 6, 7; pl. 6, figs 1-3.

Atlanta lesueurii Gray 1850 — Rosenberg, 2009: Malacolog
website.

Atlanta lesueurii Gray, 1850 — Seapy, 2010a: Tree of Life
website, 7 figs.

Atlanta lesueurii ].E. Gray, 1850 — WoRMS website, 2011.
Atlanta lesueurii Souleyet 1852 - CLEMAM website,
2011.

Description

See Seapy (1990, 2010a).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 508/1; Me25-17 Kg2, SMF 333044/1; Me25-19 Kg2,
SMF 333111/4; Me25-24 Kg2, SMF 333324/1; Me25-37
Kgl, RGM 541 609/18, RGM 541 609a/1 (Fig. 42A, B);
Me25-38 Kg1, SMF 333372/1.

Bologna samples: CR 20, RGM 570 378/5; CR 31, RGM
570 459/5; CR 34, RGM 570 661/many; CR 39, RGM 570
603/many; CR 42, RGM 570 345/5; CR 68, RGM 570
710/many juveniles; ] 73-17, RGM 570 632/1.

Discussion

Van der Spoel (1976: p. 143) included Atlanta oligogyra
Tesch, 1906 in the synonymy of the present species, dis-
cussing only in his opinion insulfficient ‘discriminating
characters’ of shell colour and soft parts. The two spe-
cies, however, differ clearly in the shape of the initial
whotls, as was nicely illustrated by Seapy (1990: p. 118,
fig. 7; 2009). These differences were not noted by van
der Spoel, although the type material of Tesch’s species
was housed in his own institute, in Amsterdam.

ICZN (2009, Opinion 2216) ruled that the name Atlanta
lesueurii ].E. Gray, 1850 is not invalid by reason of being
a junior primary homonym of the pteropod Atlanta
lesueurii d’Orbigny, 1835 (a fact already noted by Gio-
vine, 1987). The name A. lesueurii ].E. Gray is placed on
the Official List of Specific Names in Zoology. The taxon
A. lesueurii d’Orbigny is nowadays included in the
Limacinidae, as Limacina lesueurii (see below).

Vatova (1974) mentioned few specimens of this species
from bottom samples in the Ionian Sea. His three illus-
trations, however, are incorrect: the spire is indicated
far too high, with spiral ornament, and the shape of the
body whorl is also erroneous; it might very well be that
the drawing is mixed up with the one for ‘Atlanta fusca’,
his pl. 3, fig. B).

Atlanta peronii Lesueur, 1817
(Figs 2, 4, 5, 42C, D)

Corne d’Ammon - Lamanon, 1797: p. 134, pl. 63, figs
1-4.

Altlanta] Peronii, Lesueur, 1817c: p. 390, pl. 2, figs 1,
1-2.

Altlanta] Keraudrenii, Lesueur, 1817c: p. 391.

Steira lamanoni, Eschscholtz, 1825: p. 735, fig. 3.

Atlanta peronii — Cantraine, 1841: p. 39, pl. 1, fig. 1.
Atlanta Peronii — Sowerby in Reeve & Sowerby, 1878: pl.
3, fig. 20a, b.

Atlanta peronii Les. — Oberwimmer, 1898: p. 587.

? Atlanta rosea Soul. — Oberwimmer, 1898: p. 587.
Atlanta steindachneri Oberwimmer, 1898: p. 587, figs 1-2.
Atlanta Peroni Lesueur — Issel, 1911: p. 5, figs 6-10.
Atlanta peroni Lesueur — van Straaten, 1966: p. 431.
Atlanta peronii Lesueur 1817 — Richter, 1968: p. 357, figs
6b, 7, 14 (shell), 8 (veliger).

Atlanta peroni (Rang) — Blanc-Vernet et al., 1969: p. 220.
Atlanta peroni Lesueur — Di Geronimo, 1970: p. 55, pl. 1,
fig. 2a, b.

Schizotrochus palacomphaloides, Nordsieck, 1973: p. 4, fig.
1.

? Atlanta cf peroni (Lesuer, 1817) [sic] — Nordsieck, 1973:
p. 4, fig. 13.

Atlanta peroni Lesueur — Vatova, 1974: p. 102 pl. 2, fig. A
(mala).



Atlanta peroni Lesueur, 1817 — van der Spoel, 1976: p.
141, fig. 135.

Atlanta peroni Lesueur, 1817 — Grecchi, 1984: p. 19, pl. 1,
fig. 19 (partim, non pl. 2, figs 1, 2 = Atlanta inflata).
Atlanta peroni Lesueur, 1817 — Grecchi & Bertolotti, 1988:
p- 120, pl. 2, fig. 3.

Atlanta peroni Lesueur, 1817 — Seapy, 1990: p. 118, figs
4E-H, 6C.

Atlanta peroni Lesueur 1817 — Richter, 1993: p. 190, pl. 1,
fig. 1; pl. 2, fig. 5 (shells); pl. 4, figs 16, 17, 19 (radula).
Atlanta peroni Lesueur, 1817 — Richter & Seapy, 1999: p.
638, figs 1D, 7B.

Atlanta peronii Lesueur, 1817 — Gofas et al., 2001: p. 192.
Atlanta peronii Lesueur, 1817 — Giovine, in Stoch, 2003:
Faunaitalia website.

Atlanta peronii Lesueur, 1817 — Rosenberg, 2009: Mala-
colog website.

Atlanta peronii Lesueur 1817 — Seapy, 2010a: Tree of Life
website, 9 figs.

Atlanta peronii Lesueur, 1817 — WoRMS website, 2011.
Scissurella  palaeomphaloides Nordsieck, 1974 [sic] -
WOoRMS website, 2011 (incorrectly as a junior synonym
of Anatoma crispata (Fleming, 1828)

Atlanta peronii Lesueur 1817 — CLEMAM website, 2011.

Description

See Seapy (1990, 2010a). This is by far the largest species
of this genus and fully grown individuals are therefore
easily recognizable. Among the juvenile specimens of
Atlanta occurring in the Mediterranean an identification
is more difficult. Specimens of c. 3-3% whorls (Fig. 2) or
slightly less are recognizable by their rounded rectan-
gular shape when seen in frontal view (see also Grecchi
& Bertolotti, 1988: pl. 2, fig. 3). Such smaller specimens
may resemble equally sized juveniles of Protatlanta sou-
leyeti strongly (Fig. 3). The latter, however, have a more
naticoid shape and the bodywhorl is not shouldered.
Still, the variability among juveniles of these species
makes recognition sometimes problematic.

Fig. 2. Larval shell of Atlanta peronii Rang, 1817. RGM 570 741a, sam-
ple CJ 72IIl-21 (bottom), apertural view. Bar length is 100 ym.

Fig. 2. Conchiglia larvale di Atlanta peronii Rang, 1817. RGM 570 741a,
campione CJ 72II-21 (base), vista aperturale. Scala = 100 pym.

Fig. 3. Larval shell of Protatlanta souleyeti (Smith, 1888). RGM 570
489a, sample J74-9, apertural view. Bar length is 100 pm.

Fig. 3. Conchiglia larvale di Protatlanta souleyeti (Smith, 1888). RGM
570 489a, campione J74-9, vista aperturale. Scala = 100 um.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 509/many, RGM 569 510/4 juveniles; Me25-13
Kgl, SMF 332883/2; Me25-13 Kg2, SMF 332899/1;
Me25-15 Kgl, SMF 332918/29; Me25-15 Kg2, SMF
332937/65; Me25-15 Ku, SMF 332957/7; Me25-16 Kgl1,
SMF 332973/6; Me25-16 Kg2, SMF 332996/13; Me25-17
Kgl, SMF 333023/13; Me25-17 Kg2, SMF 333045/9;
Me25-18 Kgl, SMF 333063/3; Me25-18 Kg2, SMF
333077/4; Me25-19 Kgl, SMF 333093/8; Me25-19 Kg2,
SMF 333112/19; Me25-20 Kg1, SMF 333132/1; Me25-20
Kg2, SMF 333151/3; Me25-20 Ku, SMF 333171/14;
Me25-21 Kgl, SMF 333192/31; Me25-21 Kg2, SMF
333213/52; Me25-22 Kg2, SMF 333231/17, Me25-23
Kgl, SMF 333254/27; Me25-23 Kg2, SMF 333274/16;
Me25-23 Ku, SMF 333292/30; Me25-24 Kgl, SMF
333309/2; Me25-24 Kg2, SMF 333325/10; Me25-24 Ku,
SMF 333341/1; Me25-37 Kg1, RGM 541 610/373, RGM
541 610a (Fig. 42C, D); Me25-37 Ku, SMF 333354/39;
Me25-38 Kgl, SMF 333373/27; Me25-38 Ku, SMF
333389/9; Me25-39 Kg1, SMF 333404 /19; Me25-39 Kg2,
SMF 333422/9.

Bologna samples: CJ 72 I1I-21, RGM 570 442 /many; C]
72 111-21 (bottom), RGM 570 741/25 juveniles; CJ 72 III-
23, RGM 570 421/1; CJ 72 11I-25 (top), RGM 570 524/c.
40 juveniles; C] 72 I1I-27 (centre), RGM 570 684/1 juve-
nile; CR 20, RGM 570 379/26; CR 31, RGM 570 460/1, 6
juveniles; CR 33, MZB (ex RGM 569 780)/7 juveniles;
CR 34, RGM 570 662/9 juveniles; CR 39, RGM 570 604/
many; CR 42, RGM 570 346/29, RGM 570 347/c. 35 ju-
veniles; CR 68, RGM 570 711/many juveniles; CR 70,
RGM 570 551/3, 30 juveniles; J 74-9, RGM 570 486/
many; ] 74-10, RGM 569 903 /4 juveniles; | 74-12, RGM
569 810/3, 35 juveniles, RGM 569 811/1; T74-55-6, RGM
570 910/22 juveniles; T74-65-1, RGM 570 939/many
(mainly juveniles); T74-65-2, RGM 570 878 /many juve-
niles; T74-65-9, RGM 570 929/1 juvenile, 3 fragments;
T74-65-10, RGM 570 859/20.
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Discussion

For a discussion on the identity of Steira lamanoni
Eschscholtz, 1825 see below, under Protatlanta souleyeti.
Holotype and paratype (SMF 336131-336132) of the tax-
on Schizotrochus palaeomphaloides Nordsieck, 1973 could
be studied thanks to cooperation of Dr Ronald Janssen
(SMF). Both agree completely with the numerous juve-
nile specimens of Atlanta peronii in the present material.
Ramazzotti et al. (2007) list Nordsieck’s taxon as a syno-
nym of Protatlanta souleyeti.

Atlanta peronii was reported from numerous stations in
the Adriatic and the Levantine Basin, both dead and
alive, by Oberwimmer (1898). The same author men-
tioned also specimens of A. rosea and A. steindachneri
from a large number of stations in the eastern Mediter-
ranean (not in the Adriatic). Atlanta rosea used to be
considered a synonym of A. peronii (see van der Spoel,
1976), but Richter (1993) considered it a separate spe-
cies. As Oberwimmer did not give a description or il-
lustration and as this species has not yet been recorded
from the Mediterranean with certainty I include this
reference with a query. Atlanta steindachneri Oberwim-
mer, according to the original description and illustra-
tion, represents a specimen of A. peronii in which the
ultimate half of the body whorl is so strongly separated
from the preceding one that the keel does not complete-
ly fill the space.

Vatova (1974) recorded this species as common in four
bottom samples from the Ionian Sea. The illustrations,
however, are completely incorrect (in his drawings the
keel does not penetrate between the body whorl and
the penultimate one, the spire is far too high, and the
larval whorls are drawn as being irregular and with
spiral ornament).

See also the discussion below, under Oxygyrus inflatus.

Atlanta selvagensis de Vera & Seapy, 2006
(Fig. 41A-R)

? Atlanta cordiformis Gabb, n.s., Gabb, 1873: p. 201.

? Atlanta cordiformis Gabb — Guppy, 1882: p. 175.
Atlanta quoyana Soul. — Oberwimmer, 1898: p. 587.
Atlanta inflata Souleyet — Issel, 1911: p. 7 (non Sou-
leyet).

? Atlanta cordiformis Gabb — Pilsbry, 1922: p. 315, fig. 14.
Atlanta inflata Souleyet 1852 — Richter, 1968: p. 351, figs
1, 2 (shell), 3a, b (radula), 4 (veliger) (non Souleyet).

? Atlanta peresi Frontier — Thiriot-Quiévreux, 1969: p.
354.

Atlanta inflata Souleyet — Di Geronimo, 1970: p. 59, pl. 2,
fig. 2a, b (non Souleyet).

Atlanta inflata Souleyet 1852 — Richter, 1974: p. 62, text-
fig. 8b; pl. 1, fig. 4 (non Souleyet).

Atlanta inflata Souleyet — Vatova, 1974: p. 104, pl. 3, fig.
A (non Souleyet).

Atlanta inflata Souleyet, 1852 — Grecchi, 1984: p. 20, pl. 2,
figs 4, 5 (non Souleyet).

Atlanta peroni (Lesueur, 1817) — Grecchi, 1984: p. 19, pl.
2, tigs 1, 2 (partim, non Lesueur).

Atlanta inflata Souleyet, 1852 — Grecchi & Bertolotti,
1988: p. 122, pl. 2, fig. 13, 14.

Atlanta inflata Souleyet, 1852 — Richter & Seapy, 1999: p.
636 (partim, Atlantic, Mediterranean and Indian Ocean
specimens only) (non Souleyet).

? Atlanta cordiformis Gabb, 1873 — Janssen, 1999: p. 11, pl.
2, figs 1, 2.

Atlanta inflata Souleyet, 1852 — Gofas et al., 2001: p. 192
(non Souleyet).

Atlanta inflata Souleyet, 1852 — Rolén et al., 2005: p. 101,
figs 429-430 (non Souleyet).

Atlanta selvagensis de Vera & Seapy, 2006: p. 48, fig. 2A-
D (non fig. 2E, F = Atlanta plana), fig. 3A-D.

Atlanta inflata?, Atlanta selvagensis de Vera & Seapy, 2006
— Janssen & Seapy, 2009b: p. 139ff, figs 8-12.

Atlanta inflata Gray, 1850 — Rosenberg, 2009: Malacolog
website (non J.E. Gray).

Atlanta selvagensis de Vera and Seapy 2006 - Seapy,
2010a: Tree of Life website, 13 figs.

Atlanta selvagensis de Vera & Seapy, 2006 — WoRMS
website, 2011.

Atlanta selvagensis de Vera & Seapy 2006 - CLEMAM
website, 2011.

Description

See de Vera & Seapy (2006) and Janssen & Seapy
(2009b).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 511/241, RGM 569 512/17 juveniles; Me25-13 Kgl1,
SMF 332882/2; Me25-15 Kgl, RGM 569 486/3; SMF
332917/11, Me25-15 Kg2, SMF 332936/4; Me25-15 Ku,
SMF 332956/1; Me25-16 Kgl, SMF 332972/9; Me25-16
Kg2, SMF 332995/8; Me25-17 Kgl, SMF 333022/7;
Me25-17 Kg2, SMF 333043/6; Me25-18 Kgl, SMF
333062/1; Me25-18 Kg2, SMF 333076/1; Me25-19 Kg2,
SMF 333110/9; Me25-20 Kgl, SMF 333131/4; Me25-20
Kg2, SMF 333150/9; Me25-20 Ku, SMF 333170/8; Me25-
21 Kgl, SMF 333191/11; Me25-21 Kg2, SMF 333212/3;
Me25-22 Kg2, SMF 333230/3; Me25-23 Kgl, SMF
333253/3; Me25-23 Kg2, SMF 333273/2; Me25-23 Ku,
SMF 333291/2; Me25-37 Kg1, RGM 541 611/6 (Fig. 41A-
R); Me25-37 Ku, SMF 333353/5; Me25-38 Kgl, SMF
333371/2; Me25-39 Kgl, SMF 333403/3; Me25-39 Kg2,
SMF 333421/8.

Bologna samples: C] 72 III-21, RGM 570 443/2; C] 72
1121 (bottom), RGM 570 742/7, many juveniles; C] 72
11-22, MZB (ex RGM 570 639)/24 juveniles; CJ 72 III-25
(top), RGM 570 525/many; CJ 72 III-27 (centre), RGM
570 685/19 juveniles; CR 20, RGM 570 380/many, RGM
570 381/many juveniles; CR 31, RGM 570 461/11; CR
33, MZB (ex RGM 569 781)/5; CR 34, RGM 570 663/
many juveniles; CR 39, RGM 570 605/many; CR 42,
RGM 570 348 /many, RGM 570 349 /many juveniles; CR
68, RGM 570 712/many; CR 70, RGM 570552 /many; ]
74-9, RGM 570 487 /many; ] 74-10, RGM 569 904/30 ju-
veniles; ] 74-12, RGM 569 812/12, 50 juveniles; T74-55-6,



RGM 570 911/many juveniles; T74-65-1, RGM 570 940/
many (mainly juveniles)); T74-65-2, RGM 570 879/ many
juveniles.

Discussion

This small and in the eastern Mediterranean samples
commonly occurring atlantid used to be identified, fol-
lowing papers by Tesch (1908), Richter (1968, 1974) and
Richter & Seapy (1999) as Atlanta inflata. Recently, how-
ever, Janssen & Seapy (2009b) demonstrated that the
Atlantic (inclusive of the Mediterranean) and Indian
Ocean Atlanta that used to be indicated as A. inflata
does not belong to that species but agrees with the spe-
cies A. selvagensis. The most important difference in
shell morphology is the number of larval whorls, which
is larger in typical A. inflata, a species restricted to the
Pacific Ocean. An extensive comparison between those
two taxa is given in Janssen & Seapy (2009b) and dem-
onstrated by a number of SEM images.

There is, however, a fossil species, Atlanta cordiformis
Gabb, 1873, described from the ‘Miocene’ of the Domin-
ican Republic, which might be an older name for A.
selvagensis. Atlanta cordiformis was not illustrated in
the original publication. Pilsbry (1922) referred to
three syntypes in the collections of the Academy of
Natural Sciences in Philadelphia and was the first to
give drawings of the ‘type’. The same specimen was
reillustrated by Janssen (1999: pl. 2, fig. 1a-c), togeth-
er with a poorly preserved additional specimen (not
a syntype). In this latter paper I stated that ... A. in-
flata Souleyet, 1852 is especially close to A. cordiformis.
Such is the resemblance that I consider them to be
synonymous’. In that paper, however, I decided to
maintain Gabb’s name for the fossil species, as the
available material is too limited and there also is a
considerable age difference. At that time I used At-
lantic material of what I considered to be A. inflata
for a comparison. Another look at the available illus-
trations made clear that the drawing of Pilsbry (1922),
as well as that of Janssen (1999), clearly representing
the same specimen by the way, demonstrate convinc-
ingly that the whorl that widens rapidly is the fourth,
which agrees with A. selvagensis, and not with A. in-
flata, as in the latter species it is the fifth whorl wid-
ening rapidly. This strongly supports the possibility
that the name A. cordiformis is a senior synonym of A.
selvagensis. Still, I hesitate: we do not have any infor-
mation, of course, on the soft parts (eyes and/or
radula) or on the coloration in the shell of the fossil
species, and the fossil material is very poor, both in
preservation and in number of specimens. In my
1999 drawings I did not include spiral ornament on
the initial whorls, nor mentioned it in the descrip-
tion, but also in Recent samples of A. selvagensis spec-
imens lacking spirals occur. The keel of the lectotype of
A. cordiformis is incompletely preserved, but what re-
mains is not necessarily contradicting the existance of a
truncated leading edge, as in A. selvagensis and also the
size of the lectotype (W = ~ 1.5 mm) agrees. Summariz-

ing, I have to conclude that A. cordiformis presumably is
the same as A. selvagensis, but for reasons of certainty I
prefer to see more material before formally declaring A.
selvagensis a junior subjective synonym.

Rosenberg (2009) cited Atlanta quoyana Souleyet, 1852,
as well as its senior synonym A. quoyii ].E. Gray, 1850,
both as synonyms of A. inflata. This seems to be cor-
rect indeed, as the A. quoyana type locality is the Pa-
cific Ocean. Records of A. quoyana from the Mediter-
ranean (Oberwimmer, 1898) most probably represent
A. selvagensis. He reported A. quoyana dead and alive
from a number of stations in the eastern Mediterranean,
but did not find it in the Adriatic.

Atlanta sp. div.
(Fig. 40F-)

Material examined

Gravity core T87/2/20G (Saalian), sample 2.81-2.82 m,
RGM 569 079a/9, RGM 569 079b /1.

Gravity core T87/2/20G (Eemian), sample 2.785-2.795
m, RGM 569 080/267; 2.73-2.74 m, RGM 569 086a/490;
2.67-2.68 m, RGM 569 087a/235; 2.63-2.64 m, RGM 569
089a/66; 2.59-2.60 m, RGM 569 091a/71; 2.54-2.55 m,
RGM 569 092a/49; 2.49-2.50 m, RGM 569 093a/18; 2.47-
248 m, RGM 569 095b/263; 2.45-2.46 m, RGM 569
100a/35; 2.42-2.43 m, RGM 569 119a/133; 2.36-2.37 m,
RGM 569 121/207; RGM 569 121a/1 (Fig. 40F), RGM
569 121b/1 (Fig. 40G), RGM 569 121c/1 (Fig. 40H); 2.33-
2.34 m, RGM 569 165a/113; 2.30-2.31 m, RGM 569
181b/128; 2.24-2.25 m, RGM 569 /155, RGM 569 183a/1
(Fig. 40I); 2.21-2.22 m, RGM 569 203/136; 2.18-2.19 m,
RGM 569 242a/199; 2.16-2.17 m, RGM 569 254b/256;
2.14-2.15 m, RGM 569 266a/78; 2.14-2.15 m, RGM 569
271a/32; 2.03-2.04 m, RGM 569 284a/78; 1.97-1.98 m,
RGM 569 292a/63; 1.91-1.92 m, RGM 569 300a/62; 1.79-
1.80 m, RGM 569 303a/5; 1.76-1.77 m, RGM 569 304a/2;
1.72-1.73 m, RGM 569 305a/31; 1.72-1.73 m, RGM 569
313a/157; 1.68-1.69 m, RGM 569 324a/272; 1.65-1.66 m,
RGM 569 326a/27; 1.61-1.62 m, RGM 569 327a/6; 1.60-
1.61 m, RGM 569 328a/4.

Gravity core T87/2/20G (Weichselian), sample 1.58-1.59
m, RGM 569 329a/3; 1.53-1.54 m, RGM 569 330a/19;
1.48-1.49 m, RGM 569 331a/19; 1.43-1.44 m, RGM 569
332a/12; 1.33-1.34 m, RGM 569 333a/9; 1.03-1.04 m,
RGM 569 337a/2; 0.93-0.94 m, RGM 569 340a/4; 0.89-
0.90 m, RGM 569 341a/5; 0.87-0.88 m, RGM 569 342a/3;
0.80-0.81 m, RGM 569 344a/6; 0.77-0.78 m, RGM 569
345a/4;0.75-0.76 m, RGM 569 346a/3; 0.72-0.73 m, RGM
569 347a/4; 0.70-0.71 m, RGM 569 348a/2; 0.65-0.66 m,
RGM 569 349a/2; 0.60-0.61 m, RGM 569 350a/1; 0.55-
0.56 m, RGM 569 351a/6; 0.50-0.51 m, RGM 569 352a/3;
0.45-0.46 m, RGM 569 353a/1; 0.40-0.41 m, RGM 569
354a/1; 0.35-0.36 m, RGM 569 355a/6; 0.30-0.3.

Gravity core T87/2/20G (Holocene), sample 0.22-0.23
m, RGM 569 366a/93; 0.20-0.21 m, RGM 569 367a/66;
0.19-0.20 m, RGM 569 368a/34; 0.18-0.19 m, RGM 569
369a/81; 0.17-0.18 m, RGM 569 373a/122; 0.16-0.17 m,
RGM 569 374a/85; 0.14-0.15 m, RGM 569 375a/183;
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0.12-0.13 m, RGM 569 383a/173; 0.11-0.12 m, RGM 569
389a/56; 0.095-0.105 m, RGM 569 391a/25; 0.05-0.06 m,
RGM 569 407a/77.

Bologna samples: CJ 72 1II-20, RGM 570 405/many; CR
33, MZB (ex RGM 569 782)/18; CR 70, RGM 570 553/
many; J 73-29, RGM 570 427/6; ] 74-9, RGM 570 488/
many.

Discussion

Without exception these are very small, larval shells in
premetamorphosis stage that could not be identified
with an acceptional degree of certainty. A profound
study by means of SEM imaging would be necessary,
which is a practical impossibility for the large number
of specimens. Some specimens from this material are il-
lustrated here. Most specimens originate from the grav-
ity core.

Genus Oxygyrus Benson, 1835

Type species — Oxygyrus inflatus Benson, 1835 (by
monotypy). J.E. Gray (1847: p. 149) cited Atlanta Ker-
audrenii Rang as type species, which is incorrect as that
name does not occur in Benson’s paper.

Oxygyrus inflatus Benson, 1835
(Figs 42E-H5, 43A, B)

non A[tlanta] Keraudrenii Lesueur, 1817c: p. 391 (= At-
lanta peronii, see below).

Atlanta Keraudrenii Lesueur — Rang, 1827: p. 380, pl. 9.
figs 4-6, 8 (non Lesueur).

Atlanta Keraudrenii Lesueur — Rang, 1832: Classe 5, pl. 4,
figs 1-7 (non Lesueur).

Atlanta Keraudrenii Lesueur — d’Orbigny, 1834: pl. 11,
figs 16-23 (non Lesueur).

Atlanta (Helicophlegma) Keraudrenii — d’Orbigny, 1835: p.
169 (non A. keraudrenii Lesueur).

Atlanta Keraudrenii Lesueur — d’Orbigny, 1835: p. 169
(non Lesueur).

Atlanta Keraudrenii Lesueur — d’Orbigny, 1835: pl. 20,
figs 3, 4 (non Lesueur).

Oxygyrus inflatus Benson, 1835: p. 176.

Atlante de Keraudren — Eydoux & Souleyet, [1841]: pl.
18, fig. 1-17.

Atlante de Rang — Eydoux & Souleyet, [1841]: pl. 18,
figs 18-24.

Ladas keraudrenii — Cantraine, 1841: p. 38, pl. 1, figs 2, 2a,
b.

Oxygyrus Keraudrenii — Gray, 1850: p. 101 (non A. ker-
audrenii Lesueur).

Oxygyrus Rangii — Gray, 1850: p. 101.

Atlanta Keraudrenii, Lesueur — Souleyet, 1852: p. 364
(non Lesueur).

Atlanta Rangii, nobis — Souleyet, 1852: p. 369.

Atlanta Keraudrenii, Les. — Vérany, 1853: p. 381.
Oxygyrus Keraudrenii, Rang — Woodward, 1854: p. 201,
pl. 14, fig. 24, 25.

Atlanta (Oxygyrus) Kerandreni [sic] — Sowerby in Reeve
& Sowerby, 1878: pl. 3, fig. 21a, b.

Oxygyrus keraudrenii — Smith, 1888: p. 46 (with extensive
synonymy) (non A. keraudrenii Lesueur).

Oxygyrus Keraudrenii, Rang — Woodward, 1890: p. 344,
pl. 14, figs 24, 25.

Oxygyrus keraudreni Mc. Andr. — Oberwimmer, 1898: p.
588, figs 3-7 (non MacAndrew).

Oxygyrus Keraudreni Lesueur — Issel, 1911: p. 2.
Oxygyrus Rangi (Souleyet) — Issel, 1911: p. 2, fig. 11.
Oxygyrus inflatus Benson — Thiele, 1929, p. 257.
Oxygyrus inflatus Benson — Wenz, 1941: p. 1015.
Oxygyrus keraudrenii Rang — Wenz, 1941: p. 1016, figs
2915, 2916 (copied from Woodward, 1890 and Ober-
wimmer, 1898, respectively) (non A. keraudrenii
Lesueur).

Oxygyrus keraudrenii Rang — van Straaten, 1966: p. 431
(non A. keraudrenii Lesueur).

Oxygyrus keraudrenii (Lesueur) — Richter, 1968: p. 363,
fig. 15 (non Lesueur).

Oxygyrus keraudreni (Lesueur) — Di Geronimo, 1970: p.
50, pl. 2, fig. 3a, b (non Lesueur).

Oxygyrus sp. — Colantoni et al., 1970: pl. 26, fig. 8.
Oxygyrus keraudreni (Lesueur) — Vatova, 1974: p. 100
(non Lesueur).

Oxygyrus keraudreni (Lesueur, 1817) — van der Spoel,
1976: p. 137, fig. 133a-d (with extensive synonymy) (non
Lesueur).

Oxygirus [sic] keraudrenii (Rang 1828), bellerophina stage
- Nordsieck, 1973: p. 4, fig. 12.

Oxygyrus keraudreni (Lesueur, 1817) — Grecchi, 1984: p.
19, pl. 1, figs 15, 16 (non Lesueur).

Oxygyrus keraudreni (Lesueur, 1817) — Grecchi & Bertol-
otti, 1988: p. 118, pl. 2, fig. 15.

Oxygyrus keraudreni (Lesueur, 1817) — Seapy, 1990: p.
111, fig. 3E-H (non Lesueur).

Oxygyrus keraudreni (Lesueur, 1817) — Richter & Seapy,
1999: p. 633, fig. 5B (non Lesueur).

Oxygyrus keraudrenii (Lesueur, 1817) — Gofas et al., 2001:
p. 192 (non Lesueur).

Oxygyrus keraudrenii (Lesueur, 1817) — Giovine, in Stoch,
2003, Faunaitalia website.

Oxygyrus keraudreni (Lesueur, 1817) — Janssen, 2007a: p.
149 (non Lesueur).

Oxygyrus keraudreni (Lesueur, 1817) — Janssen, 2007b: p.
51, pl. 1, figs 2, 3; pl. 16, figs 2-4 (non Lesueur).
Oxygyrus keraudrenii (Lesueur, 1817) — Rosenberg, 2009,
Malacolog website (non Lesueur).

Oxygyrus keraudreni Benson 1835 [sic] — Seapy, 2010b,
Tree of Life website.

Oxygyrus keraudrenii (Lesueur, 1817) -WoRMS website,
2011.

Oxygyrus keraudrenii (Lesueur 1817) — CLEMAM web-
site. 2011.

Description

See Seapy (1990, 2010b). The protoconch of this species
is completely hidden in specimens higher than c. 0.3-0.4
mm and was illustrated only once (Richter, 1968: p. 365,
fig. 15), but very juvenile specimens still showing the
larval shell were found several times in the present ma-



terial (Figs 42G, H, 43A, B). Their nucleus is densely
granulated (Fig. 42H). Such small specimens of this
species retain their reddish-brown colour, already men-
tioned by Richter (1968), even in bottom samples.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 513/many; Me25-12 Kg2, SMF 332873/1; Me25-13
Kgl, SMF 332884/1; Me25-13 Kg2, SMF 332900/12;
Me25-15 Kgl, SMF 332919/4; Me25-15 Kg2, SMF
332938/3; Me25-15 Ku, SMF 332958/7; Me25-16 Kgl,
SMF 332974/14; Me25-16 Kg2, SMF 332997/4; Me25-17
Kgl, RGM 569 495/10, SMF 333024/27; Me25-17 Kg2,
SMF 333046/7; Me25-18 Kg1, SMF 333064/10; Me25-18
Kg2, SMF 333078/15; Me25-19 Kgl, SMF 333094/3;
Me25-19 Kg2, SMF 333113/1, Me25-20 Kgl, SMF
333133/9; Me25-20 Kg2, SMF 333152/1; Me25-20 Ku,
SMF 333172/9; Me25-21 Kg1, SMF 333193/10; Me25-22
Kg2, SMF 333232/6; Me25-23 Kgl, SMF 333255/21;
Me25-23 Kg2, SMF 333275/10; Me25-23 Ku, SMF
333293/7; Me25-24 Kgl, SMF 333310/9; Me25-24 Kg2,
SMF 333326/12; Me25-37 Kgl, RGM 541 612/14, RGM
541 612a (Fig. 42E), RGM 541 612b/1 (Fig. 42F); Me25-
37 Ku, SMF 333355/31; Me25-38 Ku, SMF 333390/2;
Me25-39 Kgl, SMF 333405/1; Me25-39 Kg2, SMF
333423/2.

Gravity core T87/2/20G (Eemian), sample 2.59-2.60 m,
RGM 569 091b/1; 2.47-2.48 m, RGM 569 094; 2.42-2.43
m, RGM 569 102/1; 2.36-2.37 m, RGM 569 122/3; 2.33-
2.34 m, RGM 569 148/1, RGM 569 148a/1 (Fig. 42G-H);
2.30-2.31 m, RGM 569 181c/1; 2.24-2.25 m, RGM 569
184/2; 2.21-2.22 m, RGM 569 225a/1; 2.03-2.04 m, RGM
569 272/1, RGM 569 272a/1 (Fig. 43A, B).

Bologna samples: CJ 72 I1I-21 (bottom), RGM 570 745/11
juveniles; CJ 72 I1I-25 (top), RGM 570 526/3; CJ 72 111-27
(centre), RGM 570 686/1 protoconch; CR 20, RGM 570
382/1, 1 fragment; CR 31, RGM 570 463/2; CR 33, MZB
(ex RGM 569 783)/4 juveniles; CR 34, RGM 570 664/1
juvenile; CR 39, RGM 570 606/25; CR 42, RGM 570
350/16; CR 68, RGM 570 713/30; CR 70, RGM 570554/1,
3 juveniles; ] 74-9, RGM 570 490/2, 25 juveniles; ] 74-10,
RGM 569 906/1; ] 74-12, RGM 5691 813/5 juveniles;
T74-55-6, RGM 570 912/1 juvenile; T74-65-1, RGM 570
941/c. 40 (mainly juveniles)); T74-65-2, RGM 570 880/13
juveniles.

Discussion

D’Orbigny (1835: p. 169, footnote 1) was the first to raise
doubts about the question if it really was Lesueur
(1817c: p. 391) who described what at that time, and
even until the present day, was and is understood un-
der the name of Atlanta keraudrenii (nowadays generally
included in the genus Oxygyrus), or if Lesueur’s de-
scription rather represents a variety or juvenile speci-
men of Atlanta peronii Lesueur, 1817, introduced in the
same paper, or even one of the other Atlanta species.
Indeed, although the animal’s soft parts and behaviour
are described in some detail, Lesueur’s description

gives only little information about the shell. Comparing
it with A. peronii, described one page earlier, Lesueur
only wrote ‘La spire est soudée sur elle-méme, et non séparée
par la caréne ..." [the spire is attached to itself, and not
separated by the keel] which does not at all agree with
what nowadays is indicated as Oxygyrus keraudrenii (as
in that species, sure enough, the spire is completely
concealed), but convincingly indicates a real Atlanta
species. Furthermore, nothing was said by Lesueur
about the quite remarkable fact that the shell is partly
cartilagenous, or that the calcareous early whorls are
clearly ornamented, which are striking features of Oxy-
gyrus, not to be overlooked. D’Orbigny (1835: p. 171,
footnote 1) noted this too, saying ‘Lesueur était trop bon
observateur pour ne pas dire que son espece était cartilag-
ineuse et non crétacée, ...” [Lesueur was too good an ob-
server not to say that his species was cartilagenous and
not calcareous]. D’Orbigny points to the paper of Rang
(1827: p. 380, but erroneously interpreting Lesueur’s
taxon) in which the name ‘Atlanta Keraudrenii’ is used
for what was at his time and still nowadays is under-
stood under that name. However, d’Orbigny, respect-
fully, keeps the name A. keraudrenii Lesueur: “.... afin de
ne pas multiplier les dénominations et de ne pas surcharger la
synonymie des especes de ce genre’ [...to prevent multipli-
cation of names and overload the synonymy of the spe-
cies of this genus]. Also on the plate (d’Orbigny, 1834:
pl. 11, figs 16-23) he illustrated this species with the
name and authorship of Lesueur.

Similarly, Souleyet (1852: p. 367), agreeing with d’Or-
bigny, made a comparable remark on Lesueur’s descrip-
tion and concluded that it was Rang (1827) who "... le
premier, a observé et décrit I’Atlante désignée aujourd hui
sous le nom d’Atlante de Keraudren .... [who was the first
to observe and describe the Atlanta nowadays indicated
with the name of Atlante de Keraudren ....]", but also
Souleyet (p. 364), politely, maintains the name and au-
thorship of Lesueur, and this is continued by ‘all au-
thors” until the present day.

With both d’Orbigny and Souleyet I agree that what
Lesueur described as Atlanta Keraudrenii represents a
genuine Atlanta species and not what nowadays is un-
derstood under the name of Oxygyrus keraudrenii.
Whether or not A. keraudrenii is a synonym of A. peronii
is impossible to decide from the original publication
with certainty. Considering the concise description, the
absence of illustration and the fact that the various spe-
cies in the genus Atlanta resemble each other closely,
would leave no other solution than to interpret the tax-
on Atlanta keraudrenii Lesueur, 1817 as a nomen dubium,
with no other possibility than to indicate it as ‘Atlanta
sp.”. Judging from the concise description and measure-
ment, however, it could very well be a juvenile A. pe-
ronit.

I consider it a case of ‘exceptional need” (ICZN, 1999,
art. 75.3) to clarify the taxonomic status of Atlanta Ker-
audrenii. To prevent future erroneous application of that
name (ICZN, 1999, art. 75.3.1) I herewith designate as
neotype a specimen of about the same size of ‘une ligne
et demie’ = c. 3.4 mm (Wikipedia, 2010). As type locality
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Fig. 4. A, B. Atlanta peronii Rang, 1817, juvenile. Neotype of ‘Atlanta
Keraudrenii’ Rang, 1817. “Tydeman” Selvagens-Canary Islands Expedi-
tion 1980, CANCAP-IV, Sta. 4.062, Canary Islands, SE of Lanzarote;
28°48' N 13°43" W, bottom sample, sea-depth 820 m; 19-v-1980., coll.
RMNH 112446. A. Apical view. B. Apertural view.

Fig. 4. A, B. Atlanta peronii Rang, 1817, esemplare juvenile. Neotipo di
'Atlanta Keraudrenii' Rang, 1817. Campagna “Tydeman” Selvagens-
Canary Islands 1980, CANCAP-IV, stazione 4.062, Isole Canarie, a sud-
est di Lanzarote; 28°48' N 13°43" O, campione di fondo, profondita 820
m; 19-v-1980., coll. RMNH 112446. A. Vista apicale. B. Vista aper-
turale.

Lesueur gave ‘la latitude de 19° 45’ et la longitude de
32° 42’, in which the ‘latitude’ could be North as well as
South, the ‘longitude’ can only be West, which leads to
‘Atlantic Ocean’ as type locality. (ICZN, 1999, art.
75.3.6). For neotype locality and further data see Fig. 4.
Although in van der Spoel’s (1976: p. 167) ‘Name index
to the Heteropoda’ the name Atlanta keraudrenii is also
given as a synonym for Atlanta peronii (nr. 227 of the list
on p. 21 in van der Spoel, 1976), this synonymy is not
reflected in his listing of synonyms for ‘A. peroni’ on p.
141. In this context it is remarkable that the same author
(van der Spoel, 1976: p. 207) recorded the existence of
two syntypes of Atlanta keraudrenii in MNHN (referred to
as ‘in the Eydoux & Souleyet collection’). It seems highly
unlikely, however, that Lesueur’s 1817c specimen(s?)
ended up in the Eydoux & Souleyet collection some 30
years after their publication. Mrs Virginie Héros (MNHN)
on my request searched in the Paris collections and in-
deed did not locate any syntypes under the name of At-
lanta  keraudrenii, nor are such specimens preserved
among the A. peronii lecto- and paralectotype samples
(ICZN 75.3.4). Therefore van der Spoel’s statement must
be considered erroneous. Additionally, van der Spoel’s
(1976: p. 137) quotation of Lesueur’s description of At-
lanta keraudrenii (as ‘Lesueur, 1817a: 391, pl. 2) also is er-
roneous: the species was not illustrated by Lesueur.

Rang’s (1827) erroneous identification was accepted,
mainly on the basis of d’Orbigny’s and Souleyet’s points
of view, by practically all later authors. Few other au-

thors recognized the actual situation and referred to the
species under the authorship of Rang (Wenz, 1941; van
Straaten, 1966). It was Benson (1835: p. 176) who not
only introduced the genus Oxygyrus, but also named
the species, on which he based that name, as O. inflatus,
giving ample information about the shell, the animals’
soft parts and even its behaviour, but without an illus-
tration. Curiously, Tesch (1906: p. 5), although with no
comment accepting the genus Oxygyrus, just referred to
O. inflatus with the latin diagnosis (‘Testa tumida, anfrac-
tibus transverse confertim striolatis; suturis profunde exca-
vatis’) given by Benson, and added (in German) ‘Noth-
ing else is known about this species. An illustration
does not exist’, thereby disregarding the two and a half
pages of description that preceded Benson’s naming of
the species. In 1908 Tesch (p. 5) included the name Oxy-
gyrus inflatus with a query in the synonymy of ‘O. ker-
audreni’, without further discussion.

Both Thiele (1929: p. 257) and Wenz (1941: p. 1015) men-
tioned Oxygyrus inflatus Benson as the type species of
Oxygyrus. Wenz, however, gave two illustrations with
the name O. keraudrenii, copied from Woodward (1854,
1890) and Oberwimmer (1898), but he gave Rang as the
author of the species, not Lesueur. Van der Spoel (1976:
p. 138) referred to O. inflatus only as being mentioned
by Tesch, 1906. Rosenberg (2009) and the CLEMAM
website list Oxygyrus inflatus Benson, 1835 as a syno-
nym of O. keraudrenii.

In gravity core T87/2/20G this species was only found
in the Eemian part of the section, which points to a
preference for somewhat warmer water. In the box core
and beam trawl samples Oxygyrus inflatus was found in
many samples, sometimes in relatively large numbers
and the same is true for the Bologna samples. Usually,
however, this concerns juvenile specimens and only
very rarely this species is preserved as internal moulds.
Three specimens, dredged alive on 25 February 1992 in
the Strait of Messina are in coll. RGM 458 946 (leg. A.
Villari, don. June 1994).

Genus Protatlanta Tesch, 1908

Type species = Atlanta lamanoni” of Souleyet, which name
has been altered by E.A. Smith in ‘Atlanta souleyeti’”
(by original designation) = Protatlanta souleyeti (Smith,
1888) (Recent).

Protatlanta souleyeti (Smith, 1888)
(Figs 3, 43C-H)

non Corne d’ammon - Lamanon, 1797: p. 134, pl. 63,
figs 1-4 (= Atlanta peronii).

non Steira lamanoni, Eschscholtz, 1825: p. 735, fig. 3 (=
Atlanta peronii).

Atlante de Lamanon - Eydoux & Souleyet, [1841]: pl.
18, figs 30-37.

Atalante de Lamanon — M.E. Gray, 1850: p. 46, pl. 240,
fig. 3 (copied from Eydoux & Souleyet, fig. 30).

Atlanta Lamanoni, Eydoux — J.E. Gray, 1850: p. 101.
Atlanta Lamanonii, Souleyet, 1852: p. 371.

Atlanta souleyeti Smith, 1888: p. 43.



Protatlanta souleyeti (Smith) — Tesch, 1908: p. 9, pl. 1-2,
figs 1-6.

Protatlanta sculpta Issel, 1911: p. 3, pl. 2, figs 1-5.
Protatlanta sculpta R. Issel var. mediterranea nov. var., Is-
sel, 1915: p. 7, figs 2-4.

Protoatlanta souleyeti (E.A. Smith) — Wenz, 1941: p. 1015,
fig. 2912 (copied from M.E. Gray, 1850).

Protatlanta souleyetii [sic] (E.A. Smith 1888) — Richter,
1968: p. 360, figs 12, 14 right (shell), 13 (operculum).
Protatlanta mediterranea Issel — Di Geronimo, 1970: p. 52,
pl. 1, fig. 1a, b.

Protatlanta mediterranea Issel — Vatova, 1974: p. 100.
Protatlanta souleyeti Smith, 1888 [sic] — van der Spoel,
1976: p. 139, fig. 134a, b (copied from Tesch), ¢, d (with
extensive synonymy).

Protatlanta souleyeti (Smith, 1888) — Grecchi & Bertolotti,
1988: p. 119, pl. 2, figs 11, 12.

Protatlanta souleyeti (Smith, 1888) — Seapy, 1990: p. 114,
1A, 45A-D, 5A.

Protatlanta souleyeti (Smith, 1888) — Richter & Seapy,
1999: p. 633, fig. SA.

Protatlanta souleyeti (Smith E.A., 1888) — Gofas et al.,
2001: p. 192.

Protatlanta souleyeti (Smith, 1888) — Janssen, 2007b: p. 54,
pl. 17, fig. 4; pl. 18, figs 1, 2.

Protatlanta souleyeti (Smith 1888) — Seapy, 2008b, in Tree
of Life website, 7 figs.

Protatlanta souleyeti (E.A. Smith, 1888) — Rosenberg,
2009, Malacolog website.

Protatlanta souleyeti (Smith E.A., 1888) — WoRMS web-
site, m2011.

Protatlanta souleyeti (Smith E.A. 1888) - CLEMAM web-
site, 2011.

Description

See Richter (1968) and Seapy (1990, 2008b).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 514/many, RGM 569 515; 19 juveniles; Me25-13
Kgl, SMF 332885/4; Me25-13 Kg2, SMF 332901/7;
Me25-15 Kgl, SMF 332920/29; Me25-15 Kg2, SMF
332939/9; Me25-15 Ku, SMF 332959/6; Me25-16 Kgl,
SMF 332975/73; Me25-16 Kg2, SMF 332998/14; Me25-
17 Kgl, RGM 569 496/15, SMF 333025/45; Me25-17
Kg2, SMF 333047/28; Me25-18 Kgl, SMF 333065/41;
Me25-18 Kg2, SMF 333079/28;, Me25-19 Kgl, SMF
333095/19; Me25-19 Kg2, SMF 333114/26; Me25-20 Kg1,
SMF 333134/33; Me25-20 Kg2, SMF 333153/13; Me25-
20 Ku, SMF 333173/56; Me25-21 Kgl, SMF 333194/98;
Me25-21 Kg2, SMF 333214/6; Me25-22 Kg2, SMF
333233/10; Me25-23 Kg1, SMF 333256 /44; Me25-23 Kg2,
SMF 333276/35; Me25-23 Ku, SMF 333294/9; Me25-24
Kgl, SMF 333311/2; Me25-24 Kg2, SMF 333327/8;
Me25-37 Kgl, RGM 541 613/70, RGM 541 613a/1 (Fig.
43H); Me25-37 Ku, SMF 333356/48; Me25-38 Kg1, SMF
333374/11; Me25-38 Ku, SMF 333391/1; Me25-39 Kgl,
SMF 333406/4; Me25-39 Kg2, SMF 333424 /9.

Gravity core T87/2/20G (Eemian), sample 2.36-2.37 m,
RGM 569 123/20; 2.33-2.34 m, RGM 569 149/27; 2.30-
2.31 m, RGM 569 166/14; 2.24-2.25 m, RGM 569 185/10;
2.21-2.22 m, RGM 569 205/7, RGM 569 205a/1 (Fig.
43F); 2.18-2.19 m, RGM 569 242b/8; 2.16-2.17 m, RGM
569 254c¢/5; 1.97-1.98 m, RGM 569 292b/1; 1.91-1.92 m,
RGM 569 293/10; 1.91-1.92 m, RGM 569 300; 1.72-1.73
m, RGM 569 305b/3.

Gravity core T87/2/20G (Weichselian), sample 0.25-0.26
m, RGM 569 357/21, RGM 569 357a/1 (Fig. 43G).
Gravity core T87/2/20G (Holocene), sample 0.22-0.23
m, RGM 569 366b/6; 0.20-0.21 m, RGM 569 367b/5;
0.19-0.20 m, RGM 569 368b/1; 0.18-0.19 m, RGM 569
369b/1; 0.17-0.18 m, RGM 569 373b/4; 0.16-0.17 m,
RGM 569 374b/1; 0.14-0.15 m, RGM 569 375b/2; 0.12-
0.13 m, RGM 569 383b/9; 0.11-0.12 m, RGM 569 389b/5;
0.05-0.06 m, RGM 569 393/11.

Bologna samples: CJ 72 III-21, RGM 570 445/1; CJ 72
I1-21 (bottom), RGM 570 744/1, many juveniles; CJ 72
I11-25 (top), RGM570 527/30; CJ 72 11I-27 (centre), RGM
570 687/27 juveniles; CR 20, RGM 570 383/25; CR 31,
RGM 570 462/8; CR 33, MZB (ex RGM 569 784)/20 ju-
veniles; CR 34, RGM 570 665/6, many juveniles; CR 39,
RGM 570 607/many; CR 42, RGM 570 351/many; CR
68, RGM 570 714/many; CR 70, RGM 570 555/16 juve-
niles; J 74-9, RGM 570 489/many juveniles, RGM 570
489a/1 (Fig. 3); ] 74-10, RGM 569 905/4 protoconchs; ]
74-12, RGM 569 814/1, 15 juveniles; T74-55-6, RGM 570
913/16 juveniles); T74-65-2, RGM 570 881/35 juveniles.

Discussion

The taxon Steira lamanoni Eschscholtz (1825, fig. 3) is
usually considered to be a nomen dubium, as its illustra-
tion is not sufficiently detailed to recognize the species
or even the genus, it might just as well represent a spe-
cies of Atlanta or of Protatlanta. Van der Spoel (1976: p.
167-168), however, in his ‘Name index to the Heteropo-
da’, listed both the genus Steira and the species S. la-
manoni, referring to number 225 of his ‘Systematic index
to the Heteropoda’, which is Protatlanta souleyeti. The
name of S. lamanoni, however, is not listed under the
synonyms of that species on p. 138-139.

Eschscholtz (1825: p. 735), when introducing the taxon
Steira lamanoni, referred to the paper of Lamanon (1797),
naming his new species after that author. But what La-
manon described (1797: p. 134) cannot be Protatlanta
souleyeti. He depicted what we now call ‘the keel” as "...
le dos est armé d'une créte plate, unie, fragile, mince comme
du papier, et formant tout autour comme une auréole solide:
elle a prés d'une demie-ligne de largeur; elle se prolongue sur
les dos des spires, sert a les joindre les unes aux autres, et
tient lieu de columelle’, which I interpret as a not bad de-
scription of a calcareous keel inserting between the last
whorls and that is demonstrated by Lamanon’s illustra-
tions as well, which clearly represent a specimen of At-
lanta. In Protatlanta the keel is cartilagenous, and does
not insert between the last and forelast whorl. As
Eschscholtz included Lamanon’s specimen in his new
taxon it is a syntype.
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To end the uncertainty in this matter I herewith desig-
nate Lamanon’s figures 1-4, all representing the same
specimen, as lectotype of Steira lamanoni Eschscholtz,
1825 and I consider it a junior synonym of Atlanta pero-
nii Lesueur, 1817. I reproduce Lamanon’s illustrations
here as Fig. 5.

The species name Protatlanta souleyeti was introduced
by Smith (1888: p. 43, as Atlanta souleyeti), stating:
“Eschscholtz employed the specific name lamanonii in
1825, and although I am inclined to consider that spe-
cies beyond recognition, still I think that to prevent con-
fusion another name should be given to the present
species. I therefore propose to designate it Atlanta sou-
leyeti’. Smith included the name Steira lamanoni
Eschscholtz separately in his paper under the heading
‘Undefined Species’, stating ‘... beyond doubt repre-
senting an Atlanta ...". This makes the taxon Atlanta la-
manoni, as introduced by J.E. Gray (1850) to a secondary
homonym and Smith was correct in replacing it.

In gravity core T87/2/20G (Tab. 3a, b) this species is
found in the middle and later part of the Eemian and in
the Holocene part of the section, distinctly pointing to a
preference of warmer water.

Family Pterotracheoidae Rafinesque, 1814
Genus Firoloida Lesueur, 1817

Type species — “La F. de Desmarest. F. desmarestiana. Le-
sueur” = Firoloida desmarestia Lesueur, 1817 (by subse-
quent designation, de Blainville, 1825: p. 492).

Firoloida desmarestia Lesueur, 1817
(Fig. 44A-C)

Fliroloida] Demarestia [sic], Lesueur, 1817b: p. 39, pl. 2,
fig. 1a, b.

Fliroloida] desmarestia — Lesueur, 1817c: p. 160.

Firoloida Lesueuri, Eydoux et Souleyet — Vérany, 1853: p.
381.

Firoloida Desmaresti Lesueur - Issel, 1911: p. 9, fig. 3.
Firoloida desmaresti Lesueur, 1817 — van der Spoel, 1976:
p. 164, figs 166.

Firoloida desmaresti Lesueur — Thiriot-Quiévreux, 1972:
p. 560, pl. 6, figs A-F.

Cyclostrema solutum Di Geronimo, 1974b: p. 148, pl. 1,
figs 2-6.
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Cyclostrema solutum Di Geronimo, 1974 — Grecchi, 1984:
p. 21, pl. 2, figs 16, 17.

Firoloida desmaresti, Lesueur 1817 — Nofroni, 1984: p. 23,
1 fig.

Firoloida desmaresti Lesueur, 1817 — Grecchi & Bertolotti,
1988: p. 124, pl. 2, figs 6, 7.

Firoloida desmaresti Lesueur, 1817 — Richter & Seapy,
1999: p. 643, fig. 12A (animal).

Firoloida desmarestia Lesueur, 1817 — Gofas et al., 2001: p.
192.

Firoloida demarestia Lesueur, 1817 - Janssen, 2007a: p.
149, pl. 13, figs 4-6; pl. 14, figs 1, 2.

Firoloida demarestia Lesueur 1817 — Seapy, 2008a, Tree of
Life website, 10 figs.

Firoloida desmarestia Lesueur, 1817 — Rosenberg, 2009,
Malacolog website.

Firoloida desmarestia Lesueur, 1817 — WoRMS website,
2011.

Firoloida desmarestia Lesueur 1817 — CLEMAM website,
2011.

Description

See Thiriot-Quiévreux (1972), Di Geronimo (1974b),
Janssen (2007a), Seapy (2008a).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 517/16; Me25-11 Kg1, SMF 332863/1; Me25-17 Kg1,
SMF 333026/3; Me25-21 Kgl, SMF 333195/1; Me25-37
Kgl, RGM 541 615/1.

Gravity core T87/2/20G, sample 2.59-2.60 m, RGM 569
091c/1;2.42-2.43 m, RGM 569 119b/2; 2.16-2.17 m, RGM
569 254e/2; 1.97-1.98 m, RGM 569 292d /1 (Eemian).
Gravity core T87/2/20G, sample 1.43-1.44 m, RGM 569
332b/2; 1.08-1.09 m, RGM 569 336b/1 (Weichselian).
Gravity core T87/2/20G, sample 0.17-0.18 m, RGM 569
370/2; 0.16-0.17 m, RGM 569 374c/2; 0.14-0.15 m, RGM
569 375¢/2; 0.12-0.13 m, RGM 569 377/6; 0.11-0.12, RGM
569 385/5; 0.095-0.105 m, RGM 569 390/3, RGM 569
390a, b /2 (Fig. 44A, B); 0.05-0.06 m, RGM 569 394/11,
RGM 569 394a/1 (Fig. 44C) (Holocene).

Bologna samples: CJ 72 III-20, RGM 570 4406 /many; CJ
72 1I-21 (bottom), RGM 570 745/many; CJ 72 III-22,

Fig, 5. =~ Fic.

Fig. 5. Atlanta peronii Lesueur, 1817. Original illustrations of ‘Corne d’Ammon’ in Lamanon (1797: pl. 63, figs 1-4), lectotype of Steira lamanoni

Eschscholtz, 1825.

Fig. 5. Atlanta peronii Lesueur, 1817. lllustrazione originale del ‘Corne d’Ammon’ in Lamanon (1797: tav. 63, figg. 1-4), lectotipo di Steira lamanoni

Eschscholtz, 1825.



MZB (ex RGM 570 640)/many; CJ 72 III-25 (top), RGM
570 529/many; CJ 72 I1I-27 (centre), RGM 570 688/26;
CR 20, RGM 570 385/28; CR 31, RGM 570 465/1; CR 33,
MZB (ex RGM 569 785)/23; CR 34, RGM 570 666/many;
CR 39, RGM 570 608/many; CR 42, RGM 570 352/
many; CR 68, RGM 570 715/many; CR 70, RGM 570
562/many; J 74-9, RGM 570 491/many; ] 74-12, RGM
569 816/many; ] 74-19, RGM 570 481/1; T74-65-1, RGM
570 942/many (hundreds)); T74-65-2, RGM 570 883/
many.

Discussion

In my 2007a paper, on holoplanktonic molluscs from
the Red Sea, I insisted on Firoloida demarestia being the
correct spelling of the specific name of this species
(based on ICZN 32.5). Rosenberg (2009), on the contra-
ry, points to the paper of Lesueur (1817c) (which at the
time was not yet available to me), published only few
months after the 1817b paper, in which the name is
spelled as desmarestia and with the vernacular name ‘La
Firoloide de Desmarest’. Although the 1817c spelling is
not emphasized as a correction of the 1817b spelling it
makes clear that also in the first paper indeed the spe-
cies was named after Desmarest. Therefore I agree that
in this case ICZN art. 33.3.1 may be appropriate and
consider the name F. desmarestia valid after all.

Tesch (1906), van der Spoel (1976) and Rosenberg (2009)
gave numerous further spellings, spelling errors and
synonyms of this species, the latter predominantly
based on fully grown animals and not on the shell.
Because of their small size shells of Firoloida desmarestia
are only rarely present in the box core and beam trawl
samples. Also in gravity core T87/2/20G this species is
very rare in the Eemian and Weichselian part of the sec-
tion, but slightly more common during the later parts of
the Holocene, with a maximum of 12 specimens in the
uppermost sample (Tab. 3a). Especially in some of the
Bologna samples from the Ionian and Tyrrhenian seas,
however, larval shells of this species are very common,
sometimes occurring in hundreds of specimens.

Genus Pterotrachea Forskal, 1775

Type species — “Pterot. coronata’ (by subsequent desig-
nation, ].E. Gray, 1847: p. 163) = Pterotrachea coronata
Forskal, 1775 (Recent).

Note: Richter (1968), for the Mediterranean, and
Richter & Seapy (1999: p. 645ff), for the South Atlan-
tic, accepted four species in this genus, distinguished
by differences in the soft parts of adult, shell-less
specimens. These species are Pterotrachea coronata
Forskal, 1775: P. hippocampus Philippi, 1836: P. minuta
Bonnevie, 1920 and P. scutata Gegenbaur, 1855. Seapy
(2000), however, demonstrated that P. minuta is a jun-
ior synonym of P. hippocampus, thus reducing the
number of recognized Recent species to three.

Larval shells of these species have received only little
attention, but two types of pterotracheid larval shells

were already described and illustrated by Krohn
(1860), whose observations were acknowledged and
extended by Richter (1968), who additionally found
a third shelled Pterotrachea larva type. Both authors
were not able to assign these larval specimens with
certainty to the existing species. The forms indicated
by Krohn (1860, fig. 2) as ‘Pterotrachea Sp. mit ebener
Larvenschale’ and ‘Pterotrachea Sp., mit quergerippter
Larvenschale” are indicated by Richter (1968), respec-
tively, as ‘Pterotrachea-Larve 1" and ‘Pterotrachea-Larve
2’, which names were also used by Seapy (2008a) in
the website ‘Tree of Life” (3). The two forms are also
found in the present material, some specimens of
which are illustrated by Seapy (2008a). I have not
been able, however, to isolate the third type, as dis-
tinguished by Richter, from samples studied for this
paper.

Bandel & Hemleben (1987) mentioned a Jurassic Ptero-
trachea species and Janssen et al. (2011) recorded spec-
imens strongly resembling Pterotrachea sp. 1 (see be-
low) from the Eocene of Uzbekistan.

Pterotrachea sp. 1
(Fig. 44D-F)

Pterotrachea 1te Sp./mit ebener Larvenschale — Krohn,
1860: p. 312, pl. 2, fig. 22.

Pterotrachea-Larve 1 (vermutlich Pt. hippocampus) — Rich-
ter, 1968: p. 373, fig. 19.

Pterotrachea sp. — Thiriot-Quiévreux, 1969: p. 355, pl. 4,
fig. 5.

Gleba cordata Niebuhr, 1776 — Kunz, [1996]: p. 156, pl. 27,
fig. 1 (non Niebuhr).

Pterotrachea larva 1 — Seapy, 2008a, Tree of Life website,
5 figs.

Description

Shell very small, diameter c. 0.50 mm, consisting of 1%
to 1% almost planispiral whorls with a circular trans-
verse section. The last % -%2 whorl separating from the
initial whorl. Aperture circular without any reinforce-
ment structures. Shell surface with faintly visible incre-
mental lines, otherwise smooth.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 519/15.

Gravity core T87/2/20G (Eemian), 2.42-2.43 m, RGM
569 104/44, RGM 569 104a, b /2 (Fig. 44E, F); 2.36-2.37
m, RGM 569 124/34; 2.33-2.34 m, RGM 569 151/34;
2.30-2.31 m, RGM 569 167/26; 2.24-2.25 m, RGM 569
186/22, RGM 569 186a/1 (Fig. 44D); 2.21-2.22 m, RGM
569 206/21; 2.18-2.19 m, RGM 569 227/8; 2.16-2.17 m,
RGM 569 254d/3; 1.97-1.98 m, RGM 569 292¢/3; 1.91-
1.92 m, RGM 569 294/3; 1.76-1.77 m, RGM 569 304b/1.
Gravity core T87/2/20G (Weichselian), sample 1.33-1.34
m, RGM 569 333b/1; 1.08-1.09 m, RGM 569 336a/1;
0.25-0.26 m, RGM 569 365b/1.
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Gravity core T87/2/20G (Holocene), sample 0.22-0.23
m, RGM 569 366¢/2; 0.18-0.19 m, RGM 569 369¢/1; 0.05-
0.06 m, RGM 569 395/5.

Bologna samples: CJ 72 III-21 (bottom), RGM 570 746/1;
CJ 72 11I-22, RGM 570 641/1 juvenile; C] 72 III-27 (cen-
tre), RGM 570 689/4 juveniles; CR 33, MZB (ex RGM
569 786)/7; CR 34, RGM 570 667/6; CR 39, RGM 570
609/24; CR 42, RGM 570 353/30; CR 68, RGM 570
716/12; CR 70, RGM 570 556/10; ] 74-9, RGM 570 492/
many; J 74-10, RGM 569 907/10; ] 74-12, RGM 569 817 /4;
T74-65-1, RGM 570 943/7; T74-65-2, RGM 570 882/9.

Discussion

Richter (1968) presumed this larval shell to probably be-
long to Pterotrachea hippocampus. Shells of this type at
first glance look quite similar to those of the pseudothe-
cosomatous species Gleba cordata (see below) in which
also the proximal part of the shell disconnects from the
nucleus, but in a frontal view (Fig. 44F) it is clear that
the shell of the present species is dextral, whereas that of
Gleba is sinistral (Fig. 52A). Also the shapes of the nuclei
are utterly different (compare Figs 44D, E and 52E).
From the range chart of core T87/2/20G (Tab. 3a, b) it
is clear that this species is especially common in the
middle part of the Eemian interval, with only few spec-
imens occurring during the Weichselian and the Holo-
cene. Also in some of the Bologna bottom samples the
species is sometimes present in considerable numbers.

Pterotrachea sp. 2
(Fig. 44G, H)

Pterotrachea 2te Sp. mit quergerippter Larvenschale —
Krohn 1860: Op. 32, pl. 2, fig. 24.

Firola (Pterotrachea) coronata Forskal — Franc, 1948: p. 19,
pl. 1, fig. 6, 7 (veliger).

Pterotrachea-Larve 2 (vermutlich Pt. minuta) — Richter,
1968: p. 373, fig. 20 (shell), 22 (veliger).

Pterotrachea coronata Forskédl — Thiriot-Quiévreux, 1969:
p. 355, pl. 4, fig. 7.

Pterotrachea sp. 1 — Thiriot-Quiévreux, 1973: p. 253, fig.
7B.

Pterotrachea larva 2 — Seapy, 2008a, Tree of Life website,
7 figs.

Description

Shell very small, diameter c. 0.43 mm, consisting of 1%
planispiral whorls with a rounded transverse section.
The nucleus and the initial whorl are smooth, the re-
maining part of the body whorl is ornamented with
regular transverse riblets and does not separate from
the preceding whorl.

Material examined

Gravity core T87/2/20G (Eemian), sample 2.42-2.43 m,
RGM 569 105/3, 3 fragments, RGM 569 105a/1 (Fig.
44H); 2.36-2.37 m, RGM 569 125/10, 3 fragments, RGM

569 125a/1; 2.33-2.34 m, RGM 569 152/6, 1 fragment;
2.30-2.31 m, RGM 569 168/2, 2 fragments; 2.24-2.25 m,
RGM 569 187/3, 1 fragment; 2.21-2.22 m, RGM 569
207/1, 2 fragments; 2.18-2.19 m, RGM 569 228/1, RGM
569228a/1 (Fig. 44G); 1.97-1.98 m, RGM 569 285/1.
Bologna samples: CR 33, MZB (ex RGM 569 787)/1; ]
74-9, RGM 570 594 /11.

Discussion

Franc (1948), as Firola (Pterotrachea) coronata, did not il-
lustrate the larval shell, but only the animal in veliger
state, basicly agreeing with Richter’s (1968, fig. 22) il-
lustration, but in his description he clearly indicated the
transversal ornament, which makes it clear that he ob-
served specimens of the present species. He did not,
however, explain his identification of the species.

The specimen caught alive, illustrated in Richter (1968,
fig. 20) reaches a somewhat larger diameter (c. 0.67 mm)
and has the last half whorl ornamented, and the same is
true for the shell described by Thiriot-Quiévreux (1969,
1973).

If indeed Pterotrachea sp. 1 is the larval shell of P. hip-
pocampus, then Pterotrachea sp. 2 cannot be P. minuta, as
suggested by Richter, as these taxa were found to be
synonyms, but has to belong to either P. coronata or P.
scutata. It is logical then to suppose that Pterotrachea
sp. 3, as described by Richter (1968) and Thiriot-
Quiévreux (1973), vice versa, belongs to either P. scu-
tata or P. coronata. This enigma can only be solved by
observing the metamorphosis of larval specimens.
In core T87/2/20G (Tab. 3a, b) this species has a similar
distribution, although generally less common, as Ptero-
trachea sp. 1. The species was found only in two of the
Bologna bottom samples.

Family Carinariidae de Blainville, 1818
Genus Carinaria Lamarck, 1801

Type species — Carinaria vitrea [= Carinaria cristata (Lin-
né, 1767)] (by monotypy) (Recent).

Carinaria lamarckii de Blainville, 1817
(Fig. 45A-G)

Carinaire Lamarck — Péron & Lesueur, 1810: p. 69, pl. 2,
fig. 15.

La Carinaire de Lamarck, C. Lamarkii [sic] Péron et
Lesueur, de B[lainville], 1817: p. 107 (non Péron &
Lesueur).

Pterotrachea lophyra delle Chiaje, 1822: pls 14-15.
Pterotrachea lophira delle Chiaje, 1822: pl. 41.

Carinaire de la Méditerranée, Carinaria mediterranea de
Blainville: p. 283.

Carinaire vitrée — Costa, 1829: p. 107, 2 pls.

Carinaria mediterranea, Per. — Vérany, 1853: p. 381.
Carinaria lamarcki, Péron et Lesueur 1810 — Smith, 1888:
p. 32 (with extensive synonymy).

Carinaria mediterannea [sic] Pér. et Les. — Oberwimmer,
1898: p. 586.



Carinaria mediterranea Lam. — van Straaten, 1966: p. 431.
Carinaria lamarcki Péron & Lesueur 1810 — Richter, 1968:
p- 366, fig. 16 (juvenile specimen), 17 (operculum,).
Carinaria lamarcki Péron & Lesueur — Di Geronimo, 1970:
p. 63, pl. 2, fig. 4.

Carinaria sp. — Colantoni et al., 1970: pl. 26, fig. 9.
Tubiola vatovai n. sp., Nordsieck, 1973p. 4, fig. 5.
Carinaria lamarcki Péron et Lesueur — Vatova, 1974. p.
104.

Carinaria lamarcki Péron and Lesueur, 1810 — Thiriot-
Quiévreux, 1975: p. 3791f, fig. 1a-d.

Carinaria lamarcki Peron & Lesueur, 1810 — van der
Spoel, 1976: p. 152, fig. 152a, 152c-h (non fig. 152b, ¢ =
Heliconoides inflata?) (with additional synonymy).
Carinaria lamarcki Peron e Lesueur, 1810 — Grecchi &
Bertolotti, 1988: p. 123, pl. 2, figs 16, 17.

Carinaria lamarcki Péron and Lesueur 1810 — Seapy,
2008aTree of Life website, 9 figs.

Carinaria lamarckii Blainville, 1817 — Rosenberg, 2009,
Malacolog website (with additional synonymy).
Carinaria lamarckii Blainville, 1817 — WoRMS website,
2011.

Carinaria mediterranea de Blainville 1824 — CLEMAM
website, 2011.

Description

See Thiriot-Quiévreux (1975) and Seapy (2008a).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 516/ 6, 11 protoconchs; Me25-13 Kg1, SMF 332886/1
protoconch; Me25-13 Kg2, SMF 332902/1 protoconch;
Me25-15 Kgl, SMF 332921/5, 2 protoconchs; Me25-15
Kg2, SMF 332940/12; Me25-15 Ku, SMF 332960/2, 1
protoconch; Me25-16 Kgl, SMF 332976/3, 9 proto-
conchs; Me25-16 Kg2, SMF 332999/13, 1 protoconch;
Me25-17 Kgl, RGM 569 498/3, 2 protoconchs, SMF
333027/7, 5 protoconchs; Me25-17 Kg2, SMF 333048/11,
3 protoconchs; Me25-18 Kgl, SMF 333066/1, 2 proto-
conchs; Me25-18 Kg2, SMF 333080/3, 4 protoconchs;
Me25-19 Kg2, SMF 333115/4, 4 protoconchs; Me25-20
Kgl, SMF 333135/9, 1 protoconch; Me25-20 Kg2, SMF
333154 /4, 4 protoconchs; Me25-20 Ku, SMF 333174/1, 3
protoconchs; Me25-21 Kg2, SMF 333215/6; Me25-22
Kg2, SMF 333234/4; Me25-23 Kgl, SMF 333257/10;
Me25-23 Kg2, SMF 333277/3, 1 protoconch; Me25-23
Ku, SMF 333295/2; Me25-24 Kg2, SMF 333328/1; Me25-
24 Ku, SMF 333342/3; Me25-37 Kgl, RGM 541 614/5,
RGM 541 614a/1 (Fig. 45A, B); Me25-37 Ku, SMF
333357/11, 1 protoconch; Me25-38 Kg1, SMF 333375/2,
2 protoconchs; Me25-38 Ku, SMF 333392/6; Me25-39
Kgl, SMF 333407/3, 3 protoconchs; Me25-39 Kg2, SMF
333425/2; Me51/3-562, DCS RGA516/1 protoconch.

Gravity core T87/2/20G (Eemian), sample 2.73-2.74 m,
RGM 569 086b/1; 2.42-2.43 m, RGM 569 103/8 proto-
conchs; 2.36-2.37 m, RGM 569 126/13 protoconchs,
RGM 569 126a/1 protoconch (Fig. 45C, D); 2.33-2.34 m,
RGM 569 159/9 protoconchs; 2.30-2.31 m, RGM 569

169/11 protoconchs; 2.24-2.25 m, RGM 569 188/11 pro-
toconchs; 2.21-2.22 m, RGM 569 208/6 protoconchs;
2.18-2.19 m, RGM 569 242c/2 protoconchs; 2.16-2.17 m,
RGM 569 243/11 protoconchs; 2.14-2.15 m, RGM 569
255/4 protoconchs; 2.09-2.10 m, RGM 569 267/5 proto-
conchs; 2.03-2.04 m, RGM 569 273/3 protoconchs; 1.91-
1.92 m, RGM 569 300b/1 protoconch; 1.70-1.71 m, RGM
569 306/31 protoconchs; 1.68-1.69 m, RGM 569 314/40,
RGM 569 314b, ¢/3 (Fig. 45E-G); 1.65-1.66 m, RGM 569
326b/8; 1.61-1.62 m, RGM 569 327b/3; 1.60-1.61 m,
RGM 569 328b/1.

Gravity core T87/2/20G (Weichselian), sample 1.58-1.59
m, RGM 569 329b/1; 1.48-1.49 m, RGM 569 331b/1;
1.43-1.44 m, RGM 569 332¢/1; 1.33-1.34 m, RGM 569
333¢/3; 1.03-1.04 m, RGM 569 337b/2; 0.98-0.99 m, RGM
569 338a/1; 0.93-0.94 m, RGM 569 340b/5; 0.80-0.81 m,
RGM 569 344b/2; 0.77-0.78 m, RGM 569 345b/2; 0.75-
0.76 m, RGM 569 346b/8; 0.60-0.61 m, RGM 569 350b/2;
0.50-0.51 m, RGM 569 352b/1; 0.30-0.31 m, RGM 569
356b/2; 0.25-0.26 m, RGM 569 358/5.

Gravity core T87/2/20G (Holocene), sample 0.22-0.23
m, RGM 569 366d/4; 0.20-0.21 m, RGM 569 367¢/3;
0.19-0.20 m, RGM 569 368c/2; 0.18-0.19 m, RGM 569
369d/5; 0.17-0.18 m, RGM 569 373c/4; 0.16-0.17 m,
RGM 569 374d/5; 0.14-0.15 m, RGM 569 375d/13; 0.12-
0.13 m, RGM 569 376/15; 0.11-0.12 m, RGM 569 384/6;
0.095-0.105 m, RGM 569 391b/1; 0.05-0.06 m, RGM 569
396/8.

Bologna samples: CJ 72 1II-20, RGM 570 407/16 proto-
conchs; CJ 72 1II-21, RGM 570 443/4, 1 protoconch, 2
fragments; CJ 72 1II-21 (bottom), RGM 570 747/many
protoconchs; CJ 72 1II-22, MZB (ex RGM 570 642)/14
protoconchs; CJ 72 1II-25 (top), RGM 570 528/42 proto-
conchs; CJ 72 1II-27 (centre), RGM 570 690/many proto-
conchs; CR 20, RGM 570 384/c. 40 protoconchs; CR 31,
RGM 570 464/11 protoconchs; CR 33, MZB (ex RGM
569 788)/17 protoconchs; CR 34, RGM 570 668/11 pro-
toconchs; CR 39, RGM 570 610/many protoconchs; CR
42, RGM 570 354/c. 40 protoconchs; CR 68, RGM 570
717/many protoconchs; CR 70, RGM 570 557/many
protoconchs; J 73-29, RGM 570 428 /1 protoconch; | 74-9,
RGM 570 493/1, many protoconchs, 3 fragments; J 74-
10, RGM 569 908/2 protoconchs; J 74-12, RGM 569
815/35 protoconchs; T74-55-6, RGM 570 914/23 proto-
conchs; T74-65-1, RGM 570 944/many protoconchs);
T74-65-2, RGM 570 884/c. 50 protoconchs; T74-65-9,
RGM 570 930/2 protoconchs; T74-65-10, RGM 570 860/ 4
fragments.

Discussion

Janssen (2007b: p. 57) stated that it was Watson (1898: p.
278) who first latinized Péron & Lesueur’s 1810 vernac-
ular name ‘Carinaire Lamarck’ to Carinaria lamarcki, but
already in 1817 de Blainville applied a latin name for
this species, viz. Carinaria lamarkii [sic] and therefore
must be considered the author of this species. The spell-
ing ‘lamarkii’ is an ‘incorrect original spelling” in the
sense of ICZN art. 35.5, and should be corrected, as de
Blainville also used the vernacular name (after Péron &
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Lesueur) ‘La Carinaire de Lamarck’. Few years later the
same author (de Blainville, 1824: p. 283) introduced an-
other name, Carinaria mediterranea, for the same species,
referring to the same illustration in Péron & Lesueur
(1810).

In core T87/2/20G (Tab. 3a, b) protoconchs of this spe-
cies are predominantly present during the Eemian and
Holocene intervals, but the species occurs also, albeit in
smaller numbers, during the Weichselian.

Richter (1968: p. 22) recorded this species as the most
exceptional heteropod of the Tyrrhenian Sea. Also Va-
tova (1974) considered this species to be ‘non comune nel
Mediterraneo’ and found larval specimens to be rather
rare in four bottom samples from the Ionian Sea. In
many of the bottom samples analyzed for the present
paper, inclusive these from the Ionian and Tyrrhenian
seas, larval shells occur frequently, counting up to over
a hundred specimens in several of the Bologna samples.
Specimens beyond protoconch stage, however, are rare
and were almost exclusively found in the box core and
beam trawl samples.

Superfamily Epitonioidea Berry, 1910
Family Janthinidae Lamarck, 1822

Genus Janthina Roding, 1798

Type species — Helix lanthina (by subsequent designa-
tion, Herrmannsen, 1846: p. 551) = Janthina janthina
(Linnaeus, 1758 (Recent).

Janthina globosa (Swainson, 1822)
(Fig. 6A, B)

lIanthina globosa, Swainson, 1822: pl. 85 (middle two
figs).

Janthina prolongata de Blainville, 1822: p. 155.

lanthina prolongata Blainville, 1822 — Laursen, 1953: p.
28, figs 30-35 (with additional synonyms).

Janthina nitens Menke, 1828 — Gofas et al., 2001: p. 186.
Janthina nitens Menke, 1828 — Giovine in Stoch, 2003,
Faunaitaliana website.

Janthina (Janthina) prolongata de Blainville, 1822 - Jans-
sen, 2007b: p. 59, pl. 1, figs 5, 6.

Janthina globosa Swainson, 1822 — Rosenberg, 2009, Ma-
lacolog website (with additional synonyms).

Janthina prolongata De Blainville, 1822 — ETI website,
2011, fig.

Janthina prolongata Blainville, 1822 — WoRMS website,
2011.

Janthina prolongata de Blainville 1822 - CLEMAM web-
site, 2011.

Description

See Laursen (1953).

Material examined

Box core and beam trawl samples: Me25-15 Kg1, SMF
332922/1, 1 (Fig. 6); Me25-15 Ku, SMF 332961/2, 1?;
Me25-16 Kg2, RGM 569 492/1; Me25-20 Kgl, SMF
333136/1; Me25-22 Kg2, SMF 333235/1; Me25-23 Kgl,
SMF 333258/1 (all juveniles).

Discussion

Initially, on the basis of Laursen (1953), I identified these
immature specimens as Janthina prolongata de Blainville,
1822. Rosenberg (2009), however, found that Ianthina
globosa Swainson, 1822 was published a few months be-
fore de Blainville’s paper and therefore has priority. The
WoRMS and CLEMAM websites, however, still main-
tain the name I. globosa as a synonym or misidentifica-
tion of J. prolongata.

Only few specimens were found in the box core and
beamtrawl samples. The species was already recorded
from the western Mediterranean Basin by Laursen
(1953, fig. 34). It cannot be excluded that the few proto-
conchs found in the present material, and referred to
under J. janthina?, below, might belong to this species as
well.

Janthina janthina? (Linnaeus, 1758)
(Figs 7A, B, 45H)

References for Janthina janthina:

Helix janthina, Linnaeus, 1758: p. 772.

lanthina janthina (Linné) 1758 — Laursen, 1953: p. 15, figs
10, 11, 14, 15 (shell), 16-18 (radula), 19 (distribution)
(with extensive synonymy).

Janthina janthina Linné — Abbott, 1954: p. 160, pl. 4j.
Janthina janthina (Linné, 1758) - Gofas et al., 2001: p.
186.

B6A 6B

Fig. 6, 7. Janthina spp. Fig. 6A, B. Janthina globosa (Swainson, 1822), juvenile; lonian Sea, sample Me25-15 Kg1, SMF 332922. Fig. 7A, B. Janthina
Jjanthina? (Linnaeus, 1758), juvenile; same data, SMF 33294 1juvenile. A. Apertural views. B. Lateral views.

Fig. 6, 7. Janthina spp. Fig. 6A, B. Janthina globosa (Swainson, 1822), esemplare juvenile; Mar lonio, campione Me25-15 Kg1, SMF 332922. Fig.
7A, B. Janthina janthina? (Linnaeus, 1758), esemplare juvenile; stessi dati, SMF 332941 A. Viste aperturali. B. Viste laterali.



Janthina janthina (Linnaeus, 1758) — Rosenberg, 2009,
Malacolog website (with additional synonymy).
Janthina janthina (Linnaeus, 1758) — WoRMS website,
2011.

Janthina janthina (Linné 1758) — CLEMAM website,
2011.

Janthina janthina (Linnaeus, 1758) — ETI website, 2011, 1

fig.

Description

See Laursen (1953).

Material examined

Box core and beam trawl samples: Me25-15 Kg1, SMF
332923/1; Me25-15 Kg2, SMF 332941/1, 1 (Fig. 7); Me25-
16 Kgl, SMF 332977/2; Me25-16 Kg2, SMF 333000/2;
Me25-17 Kgl, SMF 333028/3; Me25-18 Kgl, SMF
333067/1; Me25-18 Kg2, SMF 333081/1; Me25-19 Kgl,
SMF 333096/1; Me25-21 Kgl, SMF 333196/1; Me25-21
Kg2, SMF 333216/1; Me25-22 Kg2, SMF 333236/1;
Me25-23 Kgl, SMF 333259/4; Me25-23 Kg2, RGM 569
504/2, SMF 333278/5, 1 protoconch; Me25-23 Ku, SMF
333296/2; Me25-24 Kgl, SMF 333312/3; Me25-24 Kg2,
SMF 333329/4; Me25-37 Kgl, RGM 541 616/1 (Fig.
45H); Me25-37 Ku, SMF 333358/5.

Bologna samples: CR 34, RGM 570 669/1 protoconch?;
CR 68, RGM 570 718/4 protoconchs?; ] 74-12, RGM 569
824/1 protoconch?; T74-65-1, RGM 570 945/2 proto-
conchs?; T74-65-2, RGM 570 885/2 protoconchs.

Discussion

Robert Moolenbeek (ZMA) was kind enough to com-
pare some specimens of the present material with Jan-
thinidae in the collections of the Zoological Museum
(Amsterdam). Results are not unambiguous, as the ad-
mittedly juvenile shells do not agree completely with
any of the species discussed by Laursen (1953). They
resemble most the Janthina janthina-complex in shape,
but lack the ‘sharp, regular striae” (Laursen, 1953: p. 18)
on their early whorls. According to that author, how-
ever, these are not always present in this species. This
gives me no other choice than including the specific
name with a query.

The few protoconchs extracted from the Bologna
samples could only be identified as Janthina sp. (Fig.
45H).

Janthina pallida Thompson, 1840

Note: This species was recorded by Bucquoy et al. (1886)
from the Mediterranean coast of France, and from the
Strait of Messina by Berdar et al. (1982: p. 40). Also the
ETI website (2011) mentions its occurrence in the Medi-
terranean. Most probably these are incidental immigra-
tions from the Atlantic, restricted to the western part of
the basin.

Clade Thecosomata de Blainville, 1824 (= ‘Pteropoda’)
Superfamily Limacinoidea J.E. Gray, 1847
(= Euthecosomata Meisenheimer, 1905, partim)
Family Limacinidae J.E. Gray, 1847

Genus Heliconoides d’Orbigny, 1835

Type species. — Atlanta inflata d’Orb. (by subsequent
designation, Hermannsen, 1846: p. 514) = Heliconoides
inflata (d’Orbigny, 1834 (Recent).

Heliconoides inflata (d'Orbigny, 1834)
(Fig. 46A, B)

Alllanta] [sic] inflata d’Orbigny, 1834: pl. 12, figs 16-19.
Atlanta (Heliconoides) inflata d’Orbigny, 1835: p. 174.
Spirialis rostralis, Eydoux et Souletet — Vérany, 185: p.
380.

Embolus planorboides Seguenza, 187, 5p. 148.

Limacina inflata Gray — Oberwimmer, 1898: p. 588 (non
Gray).

Limacina inflata d’Orbigny — Steuer, 1911: p. 714, fig. 1.
Limacina inflata (Orb.) — van Straaten, 1966: p. 431.
Limacina (Thilea) inflata (Orbigny) — van der Spoel, 1967:
p. 50, figs 17, 18 (with extensive synonymy of Recent
occurrences).

Spiratella inflata (d’Orbigny) — Blanc-Vernet et al., 1969p.
220.

Limacina inflata (d’Orbigny) — Vergnaud Grazzini & Her-
man Rosenberg, 1969: p. 280ff, pl. 1, figs 11, 12.
Spiratella inflata (d’Orbigy) — Pastouret, 1970: p. 238, pl.
1, fig. 1.

Limacina inflata (d’Orbigny) — Di Geronimo, 1970: p. 66,
pl. 4, fig. 2a-c.

Spiratella inflata (Orb.) — Colantoni et al., 1970: p. 177, pl.
24, fig. 7a-c.

Limacina inflata (d’Orbigny) — Herman, 1971a: p. 617-
619, pl. 1, fig. 3.

Limacina inflata — Herman, 1971b: p. 475ff, pl. 1, figs 8-10.
Spiratella inflata (Orb.) — Froget & Pastouret, 1972: p.
612ff.

Spiratella inflata (d’Orbigny) — Vatova, 1974: p. 107.
Spiratella inflata Orbigny 1836 — Nordsieck, 1973: p. 6,
fig. 21.

Limacina inflata (d’Orbigny, 1836) — Almogi-Labin & Re-
iss, 1977: p. 13, pl. 7, figs 3-9.

Limacina inflata (d’Orbigny) — Bé & Gilmer, 1977: p. 773,
pl. 3, fig. la-d.

Limacina inflata — Herman, 1981: p. 190.

Limacina inflata (d’Orbigny, 1836) — Grecchi, 1984: p. 14,
pl. 1, fig. 5.

Limacina inflata (d’Orbigny) — Buccheri, 1984: p. 80, pl. 1,
fig. 3a-c.

Limacina inflata (d’Orbigny) — Buccheri & di Stefano,
1984: p. 182, pl. 1, figs 1-3.

Limacina inflata — Vergneau-Grazzini et al., 1988: p. 8, pl.
3, figs 19-21.

Limacina inflata (d’Orbigny, 1836) — Grecchi & Bertolotti,
1988: p. 101, pl. 1, fig. 1.

Limacina inflata (d’Orbigny, 1836) — Biekart, 1989: p.
207f, pl. 1, fig. 5a, b.
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Limacina inflata (d'Orbigny) — Janssen, 1990: p. 14, pl. 2,
figs 5-7, pl. 3, fig. 11, pl. 10, fig. 2.

Limacina inflata — Violanti et al., 1991: p. 24ff.

Limacina (Striolimacina) [sic] inflata d’Orbigny, 1836 —
Janssen, 1999: p. 5 (abstract).

Limacina (Heliconoides) inflata (d’Orbigny — Janssen, 1999:
p- 14, pl. 2, figs 10, 11.

Embolus planorboides — Bertolaso & Palazzi, 2000: p. 31,
figs 180-182.

Limacina inflata (d’Orbigny, 1836) — Gofas et al., 2001: p.
200.

Heliconoides inflata (dOrbigny) — Janssen, 2004: p. 110, pl.
1, figs 4-6.

Limacina inflata (d’Orbigny, 1834) — Rosenberg, 2009,
Malacolog website.

Limacina inflata (d’Orbigny, 1836) — WoRMS website,
2011.

Limacina inflata (d’Orbigny 1836) - CLEMAM website,
2011.

Description

See van der Spoel (1967), Janssen (1990, 2004). Rampal
(2011: p. 370) refers distinctly to the forma A of this spe-
cies (see below) when writing: ‘four tres développé avec
un rostre médian parfois orné d’une bande hyaline’. She re-
fers to this species as very common in the Mediterra-
nean.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 520/many; Me25-11 Kgl, SMF 332864 /21; Me25-12
Kg2, SMF 332874/2; Me25-13 Kgl, SMF 332887/4;
Me25-13 Kg2, SMF 332903/24; Me25-13 Ku, SMF
332912/6; Me25-15 Kgl, SMF 332924/17; Me25-15 Kg2,
SMF 332942 /50; Me25-15 Ku, SMF 332962 /89; Me25-16
Kgl, SMF 332978/157; Me25-16 Kg2, SMF 333001/65;
Me25-17 Kgl, SMF 333029/33; Me25-17 Kg2, SMF
333049/71; Me25-18 Kg1, SMF 333068/24; Me25-18 Kg2,
SMF 333082/26; Me25-19 Kgl, SMF 333097 /46, Me25-
19 Kg2, SMF 333116/180; Me25-20 Kg1, SMF 333137 /22;
Me25-20 Kg2, SMF 333155/69; Me25-20 Ku, SMF
333175/47, Me25-21 Kg1, SMF 333197 /18; Me25-21 Kg2,
SMF 333217/23; Me25-22 Kg2, SMF 333237/52; Me25-
23 Kgl, SMF 333260/23; Me25-23 Kg2, SMF 333279/15;
Me25-23 Ku, SMF 333297/1; Me25-24 Kgl, SMF
333313/7; Me25-24 Kg2, SMF 333330/3; Me25-24 Ku,
SMF 333343/3; Me25-37 Kgl, RGM 541 617/111; Me25-
37 Ku, SMF 333359/12; Me25-38 Kgl, SMF 333376/8;
Me25-38 Ku, SMF 333393/1; Me25-39 Kgl, SMF
333408/38; Me25-39 Kg2, SMF 333426/45; Me51/3-562,
DCS RGA513/many.

Gravity core T87/2/20G (Saalian), 2.81-2.82 m, RGM
569 079c/41.

Gravity core T87/2/20G (Eemian), sample 2.785-2.795
m, RGM 569 085a/795; 2.73-2.74 m, RGM 569 086¢/54;
2.67-2.68 m, RGM 569 087b/8; 2.63-2.64 m, RGM 569
089b/1; 2.59-2.60 m, RGM 569 091d/1; 2.54-2.55 m,
RGM 569 092b/6; 2.47-2.48 m, RGM 569 095¢/117; 2.45-

246 m, RGM 569 100b/42; 2.42-2.43 m, RGM 569
119¢/592; 2.36-2.37 m, RGM 569 127/738; 2.33-2.34 m,
RGM 569 165b/528; 2.30-2.31 m, RGM 569 181d/552;
2.24-2.25 m, RGM 569 189/806, RGM 569 189b/1 (Fig.
46A), RGM 569 189¢/1 (Fig. 46B); 2.21-2.22 m, RGM 569
204/505; 2.18-2.19 m, RGM 569 242d/427; 2.16-2.17 m,
RGM 569 254f/620; 2.14-2.15 m, RGM 569 266b/197;
2.14-2.15 m, RGM 569 271b/103; 2.03-2.04 m, RGM 569
284b/274; 1.97-1.98 m, RGM 569 292¢/222; 1.91-1.92 m,
RGM 569 300c/142; 1.79-1.80 m, RGM 569 303b/23;
1.76-1.77 m, RGM 569 304c/13; 1.72-1.73 m, RGM 569
305¢/29; 1.72-1.73 m, RGM 569 313b/348; 1.68-1.69 m,
RGM 569 324b/693; 1.61-1.62 m, RGM 569 327c/4; 1.60-
1.61 m, RGM 569 328¢/3.

Gravity core T87/2/20G (Weichselian), sample 1.58-1.59
m, RGM 569 329¢/4; 1.53-1.54 m, RGM 569 330b/3;
1.48-1.49 m, RGM 569 331c/4; 1.43-1.44 m, RGM 569
332d/18; 1.33-1.34 m, RGM 569 333d/9; 1.23-1.24 m,
RGM 569 334a/3; 1.03-1.04 m, RGM 569 337¢/1; 0.98-
0.99 m, RGM 569 338b/1; 0.93-0.94 m, RGM 569 340c/1;
0.87-0.88 m, RGM 569 342b/1; 0.60-0.61 m, RGM 569
350c/1; 0.30-0.31 m, RGM 569 356¢/11; 0.25-0.26 m,
RGM 569 365¢/90.

Gravity core T87/2/20G (Holocene), sample 0.22-0.23
m, RGM 569 366e/103; 0.20-0.21 m, RGM 569 367d/59;
0.19-0.20 m, RGM 569 368d/51; 0.18-0.19 m, RGM 569
369¢/82; 0.17-0.18 m, RGM 569 373d/186; 0.16-0.17 m,
RGM 569 374e/84; 0.14-0.15 m, RGM 569 375e/259;
0.12-0.13 m, RGM 569 383c/401; 0.11-0.12 m, RGM 569
389¢/143; 0.095-0.105 m, RGM 569 391¢/33; 0.05-0.06 m,
RGM 569 407b/216.

Bologna samples: C] 72 III-20, RGM 570 408 /many ju-
veniles; CJ 72 III-21, RGM 570 446 /many; CJ 72 III-21
(bottom), RGM 570 748/many; CJ 72 1II-22, MZB (ex
RGM 570 643)/many juveniles; CJ 72 III-25 (top), RGM
570 530/many; C] 72 III-27 (centre), RGM 570 691/
many; CR 20, RGM 570 386/many; CR 31, RGM 570
466/many; CR 33, MZB (ex RGM 569 789)/many; CR
34, RGM 570 670/many; CR 39, RGM 570 611/many;
CR 42, RGM 570 355/many; CR 68, RGM 570 719/
many; CR 70, RGM 570 558/many; J 73-17, RGM 570
633/1; ] 73-29, RGM 570 429/20 juveniles; ] 74-9, RGM
570 494/many; ] 74-10, RGM 569 909/many; ] 74-12,
RGM 569 818/many; T74-55-6, RGM 570 915/many;
T74-65-1, RGM 570 946/ many; T74-65-2, RGM 570 886/
many; T74-65-10, RGM 570 861/2.

Discussion

The name of the heteropod Atlanta inflata J.E. Gray, 1850
is a junior homonym of the pteropod species Atlanta in-
flata d’Orbigny, 1834, nowadays indicated as Helico-
noides inflata. Janssen & Seapy (2009a) submitted an ap-
plication to ICZN to place the name A. inflata ].E. Gray,
1850 on the Official List of Specific Names in Zoology,
with the endorsement that it is not invalid by reason of
its being a junior primary homonym of Atlanta inflata
d’Orbigny. The request was granted by Opinion 2266
(ICZN, 2011).

The combination Limacina (Striolimacina) inflata, as used



in Janssen (1999: p. 5, abstract), is a blooper and should
be read there as Limacina (Heliconoides) inflata.

In gravity core T87/2/20G this species was very com-
mon in the base of sapropel S5, as well as in the inter-
vals between sapropels S4 and S3 (all Eemian). Above
that level the species almost disappears, to become
common again at the Weichselian/Holocene transition,
clearly indicating a preference for warmer water. Living
populations of this species are present in the eastern
Mediterranean, but the species is far more common in
the western part of the basin (Rampal, 1975, 281ff). In
palaeoclimatological studies from the Mediterranean
the occurrence of this species is frequently applied as an
indicator species for warmer water.

In most of the bottom samples this species is by far the
most common pteropod, sometimes occurring in thou-
sands of specimens, only Styliola subula reaches compa-
rable quantities in some samples. Practically all speci-
mens belong to the form A, as described by Janssen
(2004), shells belonging to the B form are very rare in-
deed. The possibility that in the worldwide populations
of Heliconoides inflata cryptic species will be found is
strongly suggested by the occurrence of these two forms
based on shell morphology, but should be acknowl-
edged by DNA sequencing. Already Rampal (1975: p.
281) suggested that this species might offer a promising
‘matériel de choix pour une étude systématique au niveau
subspécifique’, however, without specifying what charac-
teristics should be looked at.

Genus Limacina Bosc, 1817

Type species. — Clio helicina Phipps, 1774 (by monotypy)
= Limacina helicina (Phipps, 1774 (Recent).

Limacina bulimoides (d’Orbigny, 1834)
(Figs 8A-E, 46C-F)

Alllanta] [sic] bulimoides d’Orbigny, 1834: pl. 12, figs 36-
38.

Atlanta (Heliconoides) bulimoides d’Orb. - d’Orbigny,
1836: p. 179.

Spirialis bulimoides, Soul. — Vérany, 1853: p. 381 (non
Souleyet).

Limacina bulimoides (Orb.) — van Straaten, 1966: p. 431.

L0

Fig. 8. A-E. Limacina bulimoides (d'Orbigny, 1834), juvenile specimens.
lonian Sea, sample CJ 72 1lIl-25 (top), RGM 570 765. Apertural views.

0.5 mm

Fig. 8. A-E. Limacina bulimoides (d'Orbigny, 1834), esemplari juvenili.
Mar lonio, campione CJ 72 1ll-25 (top), RGM 570 765. Viste aperturali.

Limacina (Munthea) bulimoides (Orbigny, 1836) — van der
Spoel, 1967: p. 53, fig. 21.

Spiratella bulimoides (d’Orbigny) — Blanc-Vernet et al.,
1969: p. 220.

Limacina bulimoides (d’Orbigny) — Vergnaud Grazzini &
Herman Rosenberg, 1969: p. 280ff, pl. 1, figs 6-10.
Spiratella bulimoides (d’Orbigny) — Pastouret, 1970: p.
238, pl. 1, fig. 5.

? Limacina bulimoides (d’Orbigny) — Di Geronimo, 1970:
p- 70, pl. 4, fig. 4 (= L. trochiformis?).

Spiratella bulimoides (Orb.) — Colantoni et al., 1970: p.
178, pl. 24, figs 5, 6.

Limacina bulimoides (d’Orbigny) — Herman, 1971a: p.
617, 618.

Limacina bulimoides — Herman, 1971b: p. 475ff, pl. 1, fig.
7.

Spiratella bulimoides (Orb.) — Froget & Pastouret, 1972: p.
612ff.

Spiratella bulimoides (d’Orbigny) — Vatova, 1974: p. 107.
Limacina bulimoides — Rampal, 1975: p. 348.

Limacina bulimoides (d’Orbigny) — Bé & Gilmer, 1977: p.
763, pl. 3, fig. 4a-d.

Limacia bulimoides — Herman, 1981: p. 189.

Limacina bulimoides (d’Orbigny, 1836) — Grecchi, 1984: p.
15, pl. 1, fig. 2.

Limacina bulimoides ((d’Orbigny, 1836) — Grecchi & Ber-
tolotti, 1988: p. 102, pl. 1, fig. 4.

Limacina bulimoides (d’Orbigny, 1836) — Biekart, 1989: p.
207ff, pl. 1, fig. 1a-e.

Limacina bulimoides — Corselli & Grecchi, 1990: p. 98.
Limacina bulimoides (d’Orbigny, 1836) - Gofas et al,
2001: p. 200.

Limacina bulimoides (d’Orbigny, 1834) — Rosenberg, 2009,
Malacolog website.

Limacina bulimoides (d’Orbigny, 1834) - WoRMS website,
2011.

Limacina bulimoides (d’Orbigny 1836) - CLEMAM web-
site, 2011.

Description

See van der Spoel (1967), Bé & Gilmer (1977). Very juve-
nile specimens may be difficult to distinguish from es-
pecially Limacina trochiformis. See Fig. 8 and the SEM-
images in Biekart (1989) for a comparison of juvenile
specimens.

Material examined

Box core and beam trawl samples: Me25-15 Kg2, SMF
332943/1; Me25-16 Kgl, RGM 569 488/10; SMF
332979/42, Me25-16 Kg2, SMF 333002/7; Me25-18 Kg2,
SMF 333083/1; Me25-20 Kgl, RGM 569 501/3, SMF
333138/11; Me25-20 Kg2, SMF 333156/1; Me25-20 Ku,
SMF 333176/1; Me25-21 Kg2, SMF 333218/1; Me51/3-
562, DCS RGA514/many.

Gravity core T87/2/20G (Eemian), 1.68-1.69 m, RGM
569 315/1.

Gravity core T87/2/20G (Weichselian), sample 1.53-1.54
m, RGM 569 330c/1; 1.48-1.49 m, RGM 569 331d/1;
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1.33-1.34 m, RGM 569 333e/1; 1.23-1.24 m, RGM 569
334b/1; 0.30-0.31 m, RGM 569 356d/4; 0.25-0.26 m,
RGM 569 359/35.

Gravity core T87/2/20G (Holocene), sample 0.22-0.23
m, RGM 569 366f/23; 0.20-0.21 m, RGM 569 367e/13;
0.19-0.20 m, RGM 569 368e/11; 0.18-0.19 m, RGM 569
369f/19; 0.17-0.18 m, RGM 569 373e/8; 0.16-0.17 m,
RGM 569 374f/3; 0.14-0.15 m, RGM 569 375f/26; 0.12-
0.13 m m, RGM 569 378/74, RGM 569 378a/1 (Fig. 46C-
E), RGM 569 378b/1 (Fig. 46F); 0.11-0.12 m, RGM 569
389d/28; 0.095-0.105 m, RGM 569 391d/14; 0.05-0.06 m,
RGM 569 397 /59.

Bologna samples: CJ 72 III-25 (top), RGM 570 531/24,
RGM 570 765/5 (Fig. 8A-E); CJ 72 I1I-27 (centre), RGM
570 692/many juveniles; CR 20, RGM 570 387/many;
CR 31, RGM 570 467/21; CR 33, MZB (ex RGM 569
790)/30; CR 39, RGM 570 612/many; CR 42, RGM 570
356/8; CR 68, RGM 570 720/many; CR 70, RGM 570
559/many juveniles; ] 73-29, RGM 570 430/4 juveniles;
J 74-9, RGM 570 495/2, 10 juveniles; ] 74-10, RGM 569
910/7 juveniles; ] 74-12, RGM 569 819/11 juveniles; T74-
55-6, RGM 570 916/c. 40 juveniles; T74-65-1, RGM 570
947 /many juveniles; T74-65-2, RGM 570 887/5 juve-
niles.

Discussion

Herman (1971a, b) found low numbers of this species in
the postglacial and/or interstadial parts of cores in the
Levantine Basin, the southern Aegean, the Ionian and
the central Tyrrhenian seas. She interpreted the species
as a ‘low salinity (36 %) Atlantic water indicator, present
at low frequencies in all basins’ (of the Mediterranean).
Vatova (1974) found this species to be common in two
bottom samples from the Ionian Sea. Grecchi & Bertol-
otti (1988) recorded Limacina bulimoides from several
Holocene samples in core GC-18 (32° 32" 83” N 26° 50’
49" E) and furthermore from just one late Pleistocene
sample, taken just below sapropel S3. Corselli & Grec-
chi (1990), including L. bulimoides among the ‘specie ac-
cidentali’, refer to the few observations of living western
Mediterranean specimens and to the abundant occur-
rence of this species in cores from the eastern Mediter-
ranean, considering it especially common during the
Holocene. In core BANS88-11GC, taken south of Crete
(Violanti et al., 1991) this species was exclusively present
in the upper 40 cm and entirely absent all over the sec-
tion downwards to 5.55 m below sea bottom.

In gravity core T87/2/20G isolated specimens of Lima-
cina bulimoides were found in the top level of the Eemian
and the base of the Weichselian interval. The species re-
appears just before the Weichselian-Holocene boundary
and continues until the top of the section in larger num-
bers (Tab. 3a, b), in general acknowledging the above
specified distributions. Living specimens in the Medi-
terranean Sea were reported from the western part of
the basin, reaching the Sicilian-Libyan area only (Ram-
pal, 1975: p. 348). The abundance of the species in the
uppermost sediments in the Levantine Basin (Grecchi,
1984; Grecchi & Bertolotti, 1988; this paper) indicates

that L. bulimoides disappeared from this area only re-
cently.

Limacina lesueurii (d’Orbigny, 1835)
(Fig. 46G, H)

Atlanta Lesueurii d’Orbigny, 1835: pl. 20, figs 12-15.
Atlanta (Heliconoides) Lesueurii, d’Orb. — d’Orbigny, 1836:
p. 177.

Limacina (Thilea) lesueurii (Orbigny, 1836) — van der
Spoel, 1967: p. 52, fig. 20 (with additional synonyms).
Spiratella lesueuri (d’Orbigny) — Vatova, 1974: p. 107.
Limacina lesueuri (d’Orbigny) — Bé & Gilmer, 1977: p.
761, pl. 3, fig. ba-d; fig. 9.

Limacina lesueurii — Herman, 1981: p. 190.

Limacina lesueuri — Corselli & Grecchi, 1990: p. 97.
Limacina lesueurii (d’Orbigny, 1836) — Gofas et al., 2001:
p- 200.

Limacina lesueurii (d’Orbigny, 1835) - Rosenberg,
2009Malacolog website.

Limacina lesueurii (d’Orbigny, 1836) — WoRMS website,
2011.

Limacina lesueurii (d’Orbigny 1836 —- CLEMAM website,
2011.

Description

See van der Spoel (1967), Bé & Gilmer (1977).

Material examined

Gravity core T87/2/20G (Saalian), 2.81-2.82 m, RGM
569 070/37.

Gravity core T87/2/20G (Eemian), sample 2.785-2.795
m, RGM 569 081/368, RGM 569 081a/1 (Fig. 46H), RGM
569 081b/1 (Fig. 46G); 2.73-2.74 m, RGM 569 086d /105;
2.67-2.68 m, RGM 569 087c/3; 2.63-2.64 m, RGM 569
089¢/1; 2.59-2.60 m, RGM 569 091e/1; 2.54-2.55 m, RGM
569 092c/2; 2.49-2.50 m, RGM 569 093b/1; 2.47-2.48 m,
RGM 569 095d/16; 2.42-2.43 m, RGM 569 106/1; 2.24-
2.25 m, RGM 569 190/17; 2.21-2.22 m, RGM 569 209/8;
2.16-2.17 m, RGM 569 254g/3; 2.14-2.15 m, RGM 569
256/17;2.14-2.15 m, RGM 569 271c/1; 2.03-2.04 m, RGM
569 284c/4; 1.97-1.98 m, RGM 569 292f/1; 1.91-1.92 m,
RGM 569 300d/1; 1.76-1.77 m, RGM 569 304d/2; 1.72-
1.73 m, RGM 569 307/9; 1.68-1.69 m, RGM 569 316/28.
Gravity core T87/2/20G (Weichselian), sample 1.48-1.49
m, RGM 569 331e/1; 1.43-1.44 m, RGM 569 332e/1;
1.33-1.34 m, RGM 569 333f/1; 1.23-1.24 m, RGM 569
334c/1; 1.13-1.14 m, RGM 569 335a/1.

Discussion

Herman (1981: p. 190) described this species as an indi-
cator of Atlantic water, only occurring near Gibraltar. It
is absent from the many cores analysed by her, taken all
over the Mediterranean basin. Rampal (1975: p. 340, fig.
84) referred to very few records of living specimens, all
in the western Mediterranean. Vatova (1974) recognized
a few specimens in two bottom samples from the Ionian



Sea. Corselli & Grecchi (1990) summarized the few
Mediterranean records of this species, concluding that
these accidental penetrations from the Atlantic find un-
suitable conditions in the Mediterranean for reproduc-
tion. In core BANS88-11GC, collected south of Crete (Vi-
olanti et al., 1991) and penetrating to a depth of more
than 5.5 m (to below sapropel S 8), this species was en-
tirely absent. Rampal (2011) found this species ‘trés rare’
in the Alboran Sea.

The presence of this species in core T87/2/20G (Tab.
3b), considering the above records, is at least surpris-
ing. Limacina lesueurii occurs with 37 specimens in the
lowermost sample (of supposed Saalian age), but gets
really common during the Eemian interval, with no less
than 370 specimens in the basal sample (2.785-2.795 m
below sea bottom) continuing almost to the top of the
Eemian part in decreasing numbers. Isolated specimens
are present in the basal Weichselian sediments, after
which the species disappears completely from the sam-
ples. It was also absent from all bottom samples inves-
tigated for this paper.

Limacina retroversa (Fleming, 1823)
(Figs 9A-F, 10A-E, 47A)

Trochus Iunaris Gmelin, 1791: p. 3587.

Fusus retroversus, Fleming, 1823: p. 498, pl. 15, fig. 2.
Scaea stenogyra Philippi, 1844: p. 164, pl. 25, fig. 20.
Limacina retroversa (Fleming) — van Straaten, 1966: p. 431.
Spiratella retroversa Fleming [sic] — Froget, 1967: p. 2968.
Spiratella retroversa (Fleming) — Blanc-Vernet et al., 1969:
p. 220.

Limacina retroversa (Fleming) — Vergnaud Grazzini &
Herman Rosenberg, 1969: p. 280ff.

Spiratella retroversa (Fleming) — Pastouret, 1970: p. 238,
pl 1, fig. 2, 3.

Spiratella retroversa (Flem.) — Colantoni et al., 1970: p.
177, pl. 24, figs 1, 2.

Limacina retroversa (Fleming) — Herman, 1971a: p. 617-
619.

1 mm

E

Fig. 9. A-F. Limacina retroversa (Fleming, 1823), more or less fully grown
specimens showing variability in H/W-ratio. lonian Sea, sample CR 31,
RGM 570 766. Apertural views.

Fig. 9. A-F. Limacina retroversa (Fleming, 1823), esemplari pil 0 meno
adulti che mostrano variazioni nel rapporto H/W. Mar lonio, campione
CR 31, RGM 570 766. Viste aperturali.

0.5 mm

D E

Fig. 10. A-E. Limacina retroversa (Fleming, 1823), juvenile specimens,
showing change in H/W-ratio during growth. lonian Sea, sample CR 31,
RGM 570 766. Apertural views.

Fig. 10. A-E. Limacina retroversa (Fleming, 1823), esemplari juvenili che
mostrano cambiamenti nel rapporto H/W nel corso della crescita. Mar
lonio, campione CR 31, RGM 570 766. Viste aperturali.

Limacina retroversa — Herman, 1971b: p. 475ff.

Spiratella retroversa (Fleming) — Froget & Pastouret, 1972:
p. 611ff.

? Spiratella balea (Moeller 1841) — Nordsieck, 1973: p. 6,
fig. 18.

Spiratella retroversa (Fleming) — Vatova, 1974: p. 107.
Limacina (Limacina) retroversa (Fleming, 1823) — van der
Spoel, 1976: p. 43, figs 10,11 (with additional synonymy).
Limacina retroversa (Fleming) — Bé & Gilmer, 1977: p.
759, pl. 3, figs 3a-d.

Limacina retroversa — Herman, 198, 1p. 193-195.

Limacina retroversa (Fleming, 1823) — Grecchi, 1984: p.
14, pl. 1, fig. 1.

Limacina retroversa (Fleming) — Buccheri, 1984: p. 80, pl.
1, fig. la-c.

Limacina retroversa — Vergneau-Grazzini et al., 1988: p. §,
pl. 3, fig. 18.

Limacina retroversa (Fleming, 1823) — Grecchi & Bertol-
otti, 1988: p. 100, pl. 1, fig. 3.

Limacina retroversa (Fleming, 1823) — Biekart, 1989: p.
2071f, pl. 1, fig. 4a-c.

Limacina retroversa — Corselli & Grecchi, 1990: p. 97.
Limacina retroversa — Violanti et al., 1991: p. 24ff.
Limacina retroversa (Fleming, 1823) — Gofas et al., 2001:
p- 200.

Limacina retroversa retroversa (Fleming, 1823) — Rosen-
berg, 2009, Malacolog website.

Limacina retroversa (Fleming, 1823) — WoRMS website,
2011.

Limacina retroversa (Fleming 1823) - CLEMAM website,
2011.

Description

See van der Spoel (1967), Bé & Gilmer (1977). In the pres-
ent eastern Mediterranean samples shell morphology
demonstrates a rather wide variability, especially in the
H/W-ratio’s. This variability and the shell shape of juve-
nile specimens is illustrated with outline drawings in
Figs 9 and 10. A spiral ornament, as described for L. retro-
versa, could not be observed in the present material.
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Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 521/1; Me25-16 Kgl, RGM 569 489/5, SMF
332980/12; Me25-16 Kg2, SMF 333003 /23; Me25-18 Kg2,
SMF 333084/1; Me25-20 Kgl, RGM 569 500/2, SMF
333139/8; Me25-20 Ku, SMF 333177/5.

Gravity core T87/2/20G (Saalian), sample 2.81-2.82 m,
RGM 569 071/1.

Gravity core T87/2/20G (Weichselian), sample 2.14-2.15
m (Eemian), RGM 569 268/1; 0.93-0.94 m, RGM 569
339/7, RGM 569 339a/1 (Fig. 47A); 0.89-0.90 m, RGM
569 341b/6; 0.87-0.88 m, RGM 569 342¢/3; 0.84-0.85 m,
RGM 569 343a/1; 0.80-0.81 m, RGM 569 344c/2; 0.75-
0.76 m, RGM 569 346¢/2; 0.72-0.73 m, RGM 569 347b/1;
0.70-0.71 m, RGM 569 348b/1; 0.65-0.66 m, RGM 569
349b/3; 0.60-0.61 m, RGM 569 350d/4; 0.55-0.56 m,
RGM 569 351b/3; 0.50-0.51 m, RGM 569 352¢/2; 0.40-
0.41 m, RGM 569 354b/3; 0.35-0.36 m, RGM 569 355b/3;
0.30-0.31 m, RGM 569 356¢e/2.

Gravity core T87/2/20G (Holocene), sample 0.20-0.21
m, RGM 569 367f/1; 0.18-0.19 m, RGM 569 369g/2.
Bologna samples: CJ 72 I11-22, RGM 570 644/4; C] 72
I1-25, RGM 570 532/many; CJ 72 III-27 (centre), RGM
570 693/many juveniles; CR 20, RGM 570 388/many;
CR 31, RGM 570 468/many, RGM 570 766/11 (Figs 9A-
F, 10A-E); CR 33, MZB (ex RGM 569 791)/many; CR 34,
RGM 570 671/2 juveniles; CR 39, RGM 570 613/21 juve-
niles; CR 42, RGM 570 357 /many; CR 68, RGM 570 721/
many juveniles; CR 70, RGM 570 560/c. 30 juveniles;
J73-6, RGM 569 901/m; ] 73-17, RGM 570 634/many; ]
74-9, RGM 570 595/1 juvenile; J 74-10, RGM 569 911/6
juveniles; ] 74-12, RGM 569 820/30; J 74-19, RGM 570
482 /many; T74-55-6, RGM 570 917/many; T74-65-2,
RGM 570 888/many; T74-65-9, RGM 570 931/many;
T74-65-10, RGM 570 862/c. 50.

Discussion

The taxon Turbo lunaris Gmelin, 1791 was based on a
description and illustration with the name ‘Der mondfor-
mige Kriusel’ in Chemnitz (1786: pl. 113, fig. 971). As the
illustration of fig. 971, according to modern standards,
is rather primitive (same as many further illustrations
in that work) the name Turbo lunaris was considered by
most authors (e.g. van der Spoel, 1967; Rosenberg, 2009)
to be a questionable junior synonym of Fusus retroversus
Fleming, 1823. Still, considering shape and size of the
illustrated specimen, ‘Der mondférmige Kriusel’ cannot
be anything else than Fleming’s species. Following the
procedure of ICZN (art. 23.9.2) I make the following
statements:

1. Of the names Turbo lunaris Gmelin, 1791 and Fusus
retroversus Fleming, 1823 the latter is valid by prevailing
usage;

2. The name Turbo lunaris has not been in use after 1899
(van der Spoel, 1967: p. 43) (ICZN 23.9.1.1);

3. The name Fusus retroversus Fleming, 1823, usually in
combination with other genera, has been used in more

than 25 papers, published by more then 10 authors dur-
ing the immediate preceding 50 years, encompassing a
span of more than 10 years (ICZN 23.9.1.2).

4. These statements make the taxon Turbo lunaris to a
nomen oblitum, and the name Fusus retroversus to a no-
men protectum.

The status of the taxon Spirialis globulosa Seguenza, 1867
still is enigmatic (see Janssen, 1995: p. 28) and the dis-
covery of syntypic specimens in the collections of the
Museo di Geologia e Paleontologia dell'Universita, Flor-
ence (Italy) by Bertolaso & Palazzi (2000: p. 22, figs 176-
177) has not yet solved its true systematical position. Of
28 syntypic specimens, ranging in size from 0.6 to 2.2
mm, these authors illustrated a relatively small speci-
men (height 0.9 mm) that is clearly higher than wide.
The original illustration in Seguenza (1876, fig. 12) on
the contrary shows a specimen that is clearly wider
than high, but the dimensions given (‘Lunghezza 1,3,
Larghezza 1,"2’) are again contradictory to the illustra-
tion. The specimens in the Florence collection are la-
beled ‘Spirialis globosus Seg.” (instead of globulosa), which
Bertolaso & Palazzi (2000)considered ‘evidentemente per
lapsus’. Also the indication of the locality ("Astiano presso
Messina’) does not give the original locality mentioned
in Seguenza (1867) as ‘Pagliarino (nel calcare); Rometta,
S. Filippo, Trapani (nelle marne)’. These inconsistencies
make me strongly hesitate to accept these specimens as
syntypes of S. globulosa and I do not follow Bertolaso &
Palazzi’s suggestion that the taxon might be included in
the range of variability of Limacina retroversa. It would
be necessary to see the sample myself, but a request for
a loan to the Florence museum was not granted.

The taxonomical status of Limacina balea (Moller, 1841)
has been (and still is) a long lasting discussion in litera-
ture. Bonnevie (1913: p. 14ff) did a statistical analysis on
two samples from off the Irish coast and concluded on
a specific status of both L. balea and L. retroversa, mainly
based on shell measurements and on differences in the
lateral teeth of the radula. She synonymized, however,
the antarctic ‘Spiriale australe’ (which is a vernacular
name for Spirialis australis Eydoux & Souleyet, 1840)
with L. balea. Curiously, she also considered L. trochi-
formis to be a synonym of L. retroversa, resulting in a
completely erroneous distribution map (Bonnevie, 1913:
p. 21, fig. 16) for the latter.

In the same year Limacina balea was considered to be a
subspecies of L. retroversa by Tesch (1913), but a forma
of the same by Tesch (1947) and van der Spoel (1967).
Rosenberg (2009) treated L. balea as a synonym. In 1913
Tesch also considered Spirialis australis to be a subspe-
cies of L. retroversa, but van der Spoel (1967) reduced its
status to a forma. Rosenberg (2009) again listed it as a
subspecies. Shell-morphological differences between
these taxa are small, and seem to be quite variable and
overlapping. Limacina retroversa s.str. and L. balea also
partly cover the same geographical area in the northern
Atlantic (van der Spoel, 1967, fig. 337), whereas L. aus-
tralis is restricted to the Antarctic Ocean. This consider-
able geographical separation makes it more likely that



L. australis might be taxonomically separate, but here
again DNA sequencing will be helpful to reveal true re-
lationships.

The CLEMAM website lists the taxon Scaea stenogyra
Philippi, 1844 as a dubious synonym of both Limacina
retroversa and L. trochiformis, whereas most authors con-
sider it a junior synonym of L. retroversa (e.g. Froget,
1967: p. 2968). The taxon was based on specimens from
Quaternary deposits in Calabria and realizing that L.
retroversa occurs commonly in such deposits in south-
ern Italy (e.g. Caldara et al., 1981: p. 149, tab. 8) I con-
sider S. stenogyra a junior synonym of that species. Mi-
ocene specimens from Poland, however, recorded as
Spirialis stenogyra by Kittl (1886: p. 67, pl. 2, figs 35-36)
belong to L. valvatina (Reuss, 1867) or L. gramensis (Ras-
mussen, 1968) (see Janssen & Zorn, 1993).

Froget (1967) recognized this species in cores collected
off Marseille and stresses the importance of the taxon as
an indicator of northern Atlantic climatic conditions.
Chen (1968: fig. 4) studied a core in the eastern part of
the basin (south of Crete), constructing a climatic curve
based on the occurrence and absence of Limacina retro-
versa and some species indicating warmer water (Clio
pyramidata, ‘Limacina’ inflata, Styliola subula, Creseis coni-
ca and Creseis ‘acicula’) in which he recognized two pe-
riods of glaciation. Blanc-Vernet et al. (1969) analysed a
6.20 m long core taken off the Provence coast at a water
depth of 2.460 m, for foraminiferids, pteropods and
sediment, and concluded, mainly based on the vertical
distribution of L. retroversa, compared to the results of
the other disciplines, on a very detailed chronostrati-
graphical interpretation of the last 60 ka. Herman
(1971a, b; 1981) found the present species in interstadial
and last glacial parts of cores from the Levantine Basin
and the southern Aegean, Ionian, central Tyrrhenian
and Algero-Provengal seas. Vatova (1974) recorded this
species from two bottom samples in the Ionian Sea. Van
der Spoel (1976: p. 196) mentioned Limacina retroversa
from the Mediterranean, east of the Strait of Gibraltar,
as migrants from the Atlantic. Grecchi & Bertolotti
(1988) recorded numerous specimens of the present
species from c. 1-4 m below sea bottom, in core GC-18
(32° 32" 83” N 26° 50" 49" E), interpreted as middle-late
Pleistocene. The species was not found in the Holocene
part of their section. Corselli & Grecchi (1990) consid-
ered L. retroversa to be a typical indicator species for
colder climates, repeatedly recorded from Pleistocene
sediments in the eastern Mediterranean. Violanti et al.
(1991) found Limacina retroversa to be very common, es-
pecially at the level of sapropels S5 and S6, in core
BANS88-11GC, taken south of Crete, with hundreds of
specimens in some samples. Similar observations were
made by other authors. Rampal (2011) discusses differ-
ences of this species with other limacinids, but does not
report it as a species living in the Mediterranean.

In gravity core T87/2/20G, analyzed for the present pa-
per, however, this species was only found in very small
numbers. A single shell was present in the lowermost
(Saalien) sample, and also only one shell in the Eemian
part, just above sapropel S 4. During the early part of

the Weichselian this species is completely absent, reap-
pearing in small numbers (maximum of 8 shells per
sample) in the younger part of that interval. In the Ho-
locene part of the core three specimens were present:
one at 20 cm, and two at 18 cm below sea bottom. Many
of the bottom samples studied for this paper, usually
taking only several tens of cms of the bottom sediments
at most, yielded this species in numbers.

Limacina trochiformis (d’Orbigny, 1834)
(Figs 11A-E, 47B-E)

Alllanta] trochiformis d’Orbigny, 1834: pl. 12, figs 29-31.
Atlanta (Heliconoides) trochiformis d’Orb. — d’Orbigny,
1836: p. 177.

Spirialis trochiformis, Souleyet — Souleyet, in Rang &
Souleyet, 1852: p. 64.

Limacina naticoides Rang, in Rang & Souleyet, 1852: p.
64, pl. 10, figs 1-2.

? Spirialis contorta Monterosato, 1875: p. 50 (nomen nu-
dum).

? Spirialis contorta, Monts. — Monterosato, 1878: p. 115
(nomen nudum).

Limacina trochiformis Gray — Oberwimmer, 1898: p. 589
(non J.E. Gray).

Limacina contorta (Monterosato) — Sykes, 1905: p. 327, 1
fig.

Limacina (Munthea) trochiformis (Orbigny, 1836) — van
der Spoel, 1967: p. 53.

Limacina trochiformis (d’Orbigny) — Vergnaud Grazzini
& Herman Rosenberg, 1969: p. 280ff, pl. 1, figs 1-5.
Spiratella trochiformis (d’Orbigny) — Pastouret, 1970: p.
238, pl. 1, fig. 4.

Limacina trochiformis (d’Orbigny) — Di Geronimo, 1970:
p. 68, pl. 4, fig. 3.

Limacina bulimoides (d’Orbigny) — Di Geronimo, 1970: p.
70, pl. 4, fig. 4 (non d’Orbigny).

Spiratella trochiformis (Orb.) — Colantoni et al., 1970: p.
177, pl. 24, figs 5, 6.

Limacina trochiformis (d’Orbigny) — Herman, 1971a: p.
617-619.

Limacina trochiformis — Herman, 1971b: p. 475ff, pl. 1,
figs 1-6.

Spiratella trochiformis (d’Orbigny) — Vatova, 1974: p.
107.

Limacina trochiformis Orbigny 1836 — Nordsieck, 1973: p.

0.5 mm

OO

A

Fig. 11. A-E. Limacina trochiformis (d'Orbigny, 1834), juvenile speci-
mens. lonian Sea, sample CR 39; RGM 570 767. Apertural views.

Fig. 11. A-E. Limacina trochiformis (d'Orbigny, 1834), esemplare juve-
nile. Mar lonio, campione CR 39; RGM 570 767. Viste aperturali.
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Limacina trochiformis (d’Orbigny, 1836) — Almogi-Labin
& Reiss, 1977: p. 14, pl. 8, figs 1-7; pl. 9, figs 1-3.
Limacina trochiformis (d’Orbigny) — Bé & Gilmer, 1977: p.
769, pl. 3, figs 2a-d; fig. 15.

Limacina trochiformis — Herman, 1981: p. 190.

Limacina trochiformis (d’Orbigny, 1836) — Grecchi, 1984:
p. 15, pl. 1, fig. 3.

Limacina trochiformis (d’Orbigny, 1836) — Grecchi & Ber-
tolotti, 1988: p. 103, pl. 1, fig. 2.

Limacina trochiformis (d’Orbigny, 1836) — Biekart, 1989:
p. 213ff, pl. 1, fig. a-c.

Limacina trochiformis — Violanti et al., 1991: p. 24ff.
Limacina (Limacina) retroversa (Fleming, 1823): Bosch et
al., 1995: p. 183, fig. 847 (non Fleming).

Limacina trochiformis (d’Orbigny, 1836) — Gofas et al.,
2001: p. 200.

non Limacina (Munthea) trochiformis d’Orbigny, 1836 -
Cevik et al., 2006: p. 154, fig. 4 (= dextral. larval shell of
benthic gastropod).

Limacina trochiformis (d’Orbigny, 1834) — Rosenberg,
2009, Malacolog website.

Limacina trochiformis (d’Orbigny, 1836) — WoRMS web-
sit, e2011.

Limacina trochiformis (d’Orbigny 1836) - CLEMAM web-
site, 2011.

Description

See Bé & Gilmer (1977). Van der Spoel (1967: p. 53) stat-
ed that “Small specimens of Limacina retroversa resemble
the present species closely’, but such specimens differ
clearly, see the drawings given above in Fig. 10 and
drawings of juvenile L. trochiformis in Fig. 11.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 522 /many; Me25-13 Kg2, SMF 332904/1; Me25-15
Kg2, SMF 332944 /8; Me25-15 Ku, SMF 332963/3; Me25-
16 Kgl, SMF 332981/14; Me25-16 Kg2, SMF 333004/8;
Me25-17 Kgl, SMF 333030/11; Me25-17 Kg2, SMF
333050/7; Me25-18 Kg1, SMF 333069/20; Me25-19 Kgl,
SMF 333098/15; Me25-19 Kg2, SMF 333117 /43; Me25-20
Kgl, SMF 333140/3; Me25-20 Kg2, SMF 333157/22;
Me25-20 Ku, SMF 333178/3; Me25-21 Kgl, SMF
333198/9; Me25-21 Kg2, SMF 333219/1; Me25-22 Kg2,
SMF 333238/15; Me25-23 Kgl, SMF 333261/21; Me25-
23 Kg2, SMF 333280/4; Me25-24 Kgl, SMF 333314/1;
Me25-24 Kg2, SMF 333331/1; Me25-37 Kgl, RGM 541
618/37, RGM 541 618a, b (Fig. 47B, C); Me25-37 Ku,
SMF 333360/2; Me25-38 Kg1, SMF 333377/11; Me25-39
Kgl, SMF 333409/11; Me25-39 Kg2, SMF 333427/8.
Gravity core T87/2/20G (Saalian), sample 2.81-2.82 m,
RGM 569 079d/11.

Gravity core T87/2/20G (Eemian), sample 2.63-2.64 m,
RGM 569 089d/7; 2.59-2.60 m, RGM 569 091f/2; 2.54-
2.55 m, RGM 569 092d/2; 2.49-2.50 m, RGM 569 093c/2;
2.47-2.48 m, RGM 569 095e/44; 2.45-2.46 m, RGM 569
100c/16; 2.42-2.43 m, RGM 569 107/174; 2.36-2.37 m,
RGM 569 128/278, RGM 569 128a, b /1 (Fig. 47D, E);

2.33-2.34 m, RGM 569 165¢/64; 2.30-2.31 m, RGM 569
170/14; 2.24-2.25 m, RGM 569 202a/3; 2.21-2.22 m, RGM
569 210/12; 2.18-2.19 m, RGM 569 229/83; 2.16-2.17 m,
RGM 569 254h/106; 2.14-2.15 m, RGM 569 266¢/22;
2.14-2.15 m, RGM 569 271d/5; 2.03-2.04 m, RGM 569
274/87; 1.97-198 m, RGM 569 292g/33; 1.91-1.92 m,
RGM 569 300e/2; 1.79-1.80 m, RGM 569 303c/1; 1.72-
1.73 m, RGM 569 305d/1.

Gravity core T87/2/20G (Weichselian), sample 0.45-0.46
m, RGM 569 353b/1; 0.25-0.26 m, RGM 569 360/1.
Gravity core T87/2/20G (Holocene), sample 0.05-0.06
m, RGM 569 398/2.

Bologna samples: CJ 72 11I-20, RGM 570 409/20 juve-
niles; CJ 72 I11-21, RGM 570 447/2; CJ 72 1II-21 (bottom),
RGM 570 749/many juveniles; CJ 72 1II-22, MZB (ex
RGM 570 645)/23; CJ 72 11I-25 (top), RGM 570 533/25;
CJ 72 I-27 (centre), RGM 570 694/3 juveniles; CR 20,
RGM 570 389/18; CR 31, RGM 570 469/9; CR 34, RGM
570 672/19; CR 39, RGM 570 614 /many, RGM 570 767/5
(Fig. 11A-E); CR 42, RGM 570 358/c. 45; CR 68, RGM
570 722 /many; CR 70, RGM 570 561/20 juveniles; ] 74-9,
RGM 570 496/many; ] 74-10, RGM 569 912/4 juveniles;
J 74-12, RGM 569 821/22; T74-65-1, RGM 570 948/ c. 40
juveniles; T74-65-2, RGM 570 889/c. 50 juveniles.

Discussion

The name Spirialis contorta Monterosato, 1875 was pub-
lished without a description or illustration, also in sev-
eral later papers of that author. It was Sykes (1905, figu-
re on p. 327) who validated the name Limacina contorta
by giving a good illustration, which clearly makes it a
junior synonym of Limacina trochiformis. Sykes himself
already considered it ‘nearly related to L. trochiformis’.
Limacina trochiformis was found by Oberwimmer (1898)
dead and alive in the eastern Mediterranean, but not in
the Adriatic Sea. Herman (1971a, b; 1981 recorded this
species from the postglacial and/or interstadial parts of
cores in the Aegean, Ionian, central Tyrrhenian and Al-
gero-Provencal seas, as well as from the Levantine Ba-
sin, and added the following portrayal: ‘Limacina trochi-
formis: Is a warm, surface-water species. Its distribution
appears to follow that of the surface-water mass, de-
creasing rapidly east of the Tyrrhenian Sea. L. trochi-
formis is rare north of 40° N. lat.”.

From the Ionian Sea Vatova (1974) mentioned this spe-
cies as occurring in three bottom samples. Almogi-La-
bin & Reiss (1977: pl. 8, figs 3, 6) already nicely illus-
trated the palatal ornament in this species, occurring
next to the much more delicate oblique micro-ornament
on the base of the shell, both also described and illus-
trated in Janssen (2007a: p. 152, pl. 16, fig. 1 and pl. 15,
fig. 6b, respectively). Grecchi & Bertolotti (1988) record-
ed this species from core GC-18 (32° 32" 83” N 26° 50’
49” E), as common in the uppermost Holocene sample,
in the earlier half of the late Pleistocene and in two mid-
dle Pleistocene samples taken just below sapropel S6.
Violanti et al. (1991) found a restricted number of speci-
mens in the sapropels S3-5S5 interval and some further
specimens at the level of sapropels 57 and S8.



In gravity core T87/2/20G (Tab. 3a, b) Limacina trochi-
formis is present with 11 specimens in the lowermost
(Saalien) sample and with considerable numbers (up to
280 specimens per sample) during the Eemian sapro-
pels S3-S5 interval, after which the species practically
disappears, apart from two specimens in the later
Weichselian sediments and two shells in the uppermost
Holocene sample. Limacina trochiformis was found to be
fairly common in several of the box core, beam-trawl
and Bologna samples.

Superfamily Cavolinioidea J.E. Gray, 1850
Family Creseidae Rampal, 1973

Genus Creseis Rang, 1828

Type species — It is not clear who was the first to desig-
nate a type species for the genus Creseis. ].E. Gray (1847:
p. 203) erroneously referred to the name Cresis Rang,
1828, a name that does not occur in Rang’s paper. Gray,
in the same paragraph, attributed Creseis to Eschscholtz,
1829, designating C. acus Eschscholtz as type species.
As this latter name of course does not occur in Rang’s
1828 paper it cannot be the type species. Zilch (1959: p.
49) considered C. virgula Rang to be the type species,

which was accepted by van der Spoel (1967). Rampal
(2002: p. 231), however, referred to C. acicula Rang, 1828
as type species.

Creseis clava (Rang, 1828)
(Fig. 12)

Clleodora (Creseis)] clava Rang, 1828: p. 317, pl. 17, fig.
5.

Clleodora (Creseis)] acicula Rang, 1828: p. 318, pl. 17, fig.
6.

Creseis acus Eschscholtz, 1829: p. 17, pl. 15, fig. 2.
Creseis acicula — delle Chiaje, 1830: pl. 82, fig. 13.
Hyalcea aciculata [sic] — d’Orbigny, 1834: p. 123, pl. 8, figs
29-31.

Creseis clava. Rang — Cantraine, 1841: p. 32, pl. 1, figs 12-
13.

Cleodora acicula, Rang — Vérany, 1853: p. 380.

Stiliola acus Dkr, Dunker, 187, 5p. 240.

Creseis aciculata [sic] — Sowerby, in Reeve & Sowerby,
1878: pl. 5, fig. 29a, b.

Dentalium ecostatum Kirk, 1880: p. 806.

Clio (Creseis) acicula Rang — Oberwimmer, 1898: p. 589.
Dentalium (Laevidentalium) ecostatum T.W. Kirk, 1880 —
Dell, 1957: p. 566, figs 10, 13.

Fig. 12. Living specimens of Creseis clava (Rang, 1828), photographed close to the surface at Ta’ Bumbarin, a small valley near Hondog ir-Rummien
Bay, Gozo, Malta, February 13, 2011. Courtesy Julian Evans.

Fig. 12. Esemplari viventi di Creseis clava (Rang, 1828), fotografati vicino alla superficie a Ta" Bumbarin, una piccola insenatura vicino a Hondoq ir-

Rummien Bay, Gozo, Malta, 13 Febbraio 2011. Foto Julian Evans.
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Creseis acicula Rang — Menzies, 1958: p. 386, fig. 4f-h.
Creseis acicula Rang — van Straaten, 1966: p. 431.

Creseis acicula (Rang, 1828) forma acicula (Rang, 1828) —
van der Spoel, 1967: p. 58, figs 22-27, 30.

non Creseis acicula (Rang, 1828) forma clava (Rang, 1828)
— van der Spoel, 1967: p. 59, figs 28, 29 (= Creseis conica).
Creseis acicula (Rang) — Blanc-Vernet et al., 1969: p. 220.
Creseis acicula Rang — Vergnaud Grazzini & Herman
Rosenberg, 1969: p. 280ff, pl. 1, figs 19-22.

Creseis acicula acicula Rang — Pastouret, 1970: p. 238, pl.
3, fig. 3.

Creseis acicula Rang — Di Geronimo, 1970: p. 79, pl. 3, fig.
4 (mala); pl. 4, fig. 6a-d.

Creseis acicula (Rang) — Colantoni et al., 1970: p. 179, pl.
24, fig. 11.

Creseis acicula Rang — Herman, 1971a: p. 617, 618.
Creseis acicula — Herman, 1971b: p. 475ff, pl. 2, figs 1-2.
Creseis acicula (Rang) — Froget & Pastouret, 1972: p.
612ff.

Creseis acicula Rang 1828 juvenil — Nordsieck, 1973: p. 6,
fig. 24.

Creseis acicula Rang — Vatova, 1974: p. 108.

Creseis acicula forma acicula Rang: van der Spoel, 1976b:
p. 189 (with lectotype designation)

Creseis acicula forma clava Rang: van der Spoel, 1976b: p.
189 (with lectotype designation).

Creseis acicula (Rang, 1828) — Almogi-Labin & Reiss,
1977: p. 10, pl. 4, figs 1-3.

Creseis acicula (Rang) — Bé & Gilmer, 1977: p. 777, 20. pl.
5, fig. 11a, b.

Creseis acicula — Herman, 1981: p. 189.

Creseis acicula Rang, 1828 — Grecchi, 1984: p. 15, pl. 1,
fig. 14.

? Creseis virgula Rang — Buccheri, 1984: p. 80, pl. 1, fig. 9
(non virgula Rang).

Creseis acicula (Rang) — Buccheri & di Stefano, 1984: p.
182, pl. 1, fig. 7.

Creseis acicula — Vergneau-Grazzini et al., 1988: p. 8, pl.
3, fig. 15.

Creseis acicula (Rang, 1828) — Grecchi & Bertolotti, 1988:
p.- 104, pl. 1, fig. 7.

Creseis acicula (Rang, 1828) — Biekart, 1989: p. 2071f, pl. 2,
fig. 1a, b.

Creseis acicula (Rang, 1828 — Gofas et al., 2001: p. 200.
Creseis acicula (Rang, 1828) — Rampal, 2002: p. 231, figs
9A-], 11.

Creseis clava (Rang, 1828) — Janssen, 2007b: p. 68, text-
fig. 7b-d; pl. 2, figs 9, 10; pl. 23, figs 7, 8 (with further
synonyms).

Creseis acicula (Rang, 1828) — Rosenberg, 2009, Mala-
colog website.

Creseis acicula Rang, 1828 — WoRMS website, 2011.
Creseis acicula Rang 1828 - CLEMAM website, 2011.
Pteropod (Creseis acicula (Rang, 1828); holotype of Den-
talium ecostatum Kirk, 1880) — Museum of New Zealand,
2011, website.

Description

See Bé & Gilmer (1977), Rampal (2002) Janssen (2007b).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 523/many; Me25-11 Kgl, SMF 332865/3; Me25-12
Kg2, SMF 332875/3; Me25-13 Kg1, SMF 332888 /4; Me25-
13 Kg2, SMF 332905/7; Me25-15 Kgl, SMF 332925/12;
Me25-15 Kg2, SMF 332945/5, Me25-15 Ku, SMF
332964/2; Me25-16 Kgl, SMF 332982/22; Me25-16 Kg2,
SMF 333005/7; Me25-17 Kgl1, SMF 333031/22; Me25-17
Kg2, SMF 333051/21; Me25-18 Kgl, SMF 333070/1;
Me25-19 Kgl, SMF 333099/8; Me25-19 Kg2, SMF
333118/20; Me25-20 Kg2, SMF 333158/1; Me25-20 Ku,
SMF 333179/12; Me25-21 Kg1, SMF 333199/18; Me25-21
Kg2, SMF 333220/4; Me25-22 Kg2, SMF 333239/2; Me25-
23 Kgl, SMF 333262/23; Me25-23 Kg2, SMF 333281/28;
Me25-23 Ku, SMF 333298/32; Me25-24 Kgl, SMF
333315/3; Me25-24 Kg2, SMF 333332/15; Me25-37 Kgl,
RGM 541 619/135; Me25-37 Ku, SMF 333361 /25; Me25-
38 Kgl, SMF 333378/5; Me25-38 Ku, SMF 333394/2;
Me25-39 Kgl, SMF 333410/2; Me25-39 Kg2, SMF
333428/12; Me51/3-562, DCS RGA515/many.

Gravity core T87/2/20G (Saalian), sample 2.81-2.82 m,
RGM 569 079¢/1, 1 fragment.

Gravity core T87/2/20G (Eemian), sample 2.785-2.795
m, RGM 569 085b/7; 2.73-2.74 m, RGM 569 086e/4 frag-
ments; 2.36-2.37 m, RGM 569 129/12; 2.33-2.34 m, RGM
569 165d/4; 2.24-2.25 m, RGM 569 202b/1; 2.21-2.22 m,
RGM 569 225b/1.

Gravity core T87/2/20G (Weichselian), sample 0.30-0.31
m, RGM 569 356f/5; 0.25-0.26 m, RGM 569 365d/1.
Gravity core T87/2/20G (Holocene), sample 0.22-0.23
m, RGM 569 366g/7; 0.20-0.21 m, RGM 569 367g/3;
0.18-0.19 m, RGM 569 369h/8; 0.17-0.18 m, RGM 569
373£/1; 0.16-0.17 m, RGM 569 374g/3; 0.05-0.06 m, RGM
569 407c/2.

Bologna samples: CJ 72 I1I-20, RGM 570 410/c. 30 juve-
niles; CJ 72 1II-21, RGM 570 448/6; CJ 72 11I-21 (bottom),
RGM 570 750/c. 30; CJ 72 1II-22, MZB (ex RGM 570
646)/28; CJ 72 I1I-25 (top), RGM 570 534/13; CJ 72 I1I-27
(centre), RGM 570 695/c. 30 juveniles; CR 20, RGM 570
390/many; CR 31, RGM 570 470/8; CR 33, MZB (ex
RGM 569 792)/25; CR 34, RGM 570 673 /many; CR 39,
RGM 570 615/many; CR 42, RGM 570 359/many; CR 68,
RGM 570 723 /many; CR 70, RGM 570563 /many; ] 73-29,
RGM 570 431/1 juvenile; ] 74-9, RGM 570 497 /many; ]
74-10, RGM 569 913/4 juveniles; ] 74-12, RGM 569
822/35; T74-65-1, RGM 570 949/many; T74-65-2, RGM
570 890/many; T74-65-10, RGM 570 863/1 fragment.

Discussion

The application of the name Creseis clava for this spe-
cies, instead of C. acicula, was extensively discussed in
Janssen (2007b: p. 69ff). Contrary to that paper I now
consider Creseis acicula forma clava, as described in van
der Spoel (1967: p. 59) to belong to C. conica, as in his
dichotomic key on p. 58 he gave as characteristic differ-
ence ‘.... rapidly increasing in width’, which clearly
points to C. conica.

In gravity core T87/2/20G (Tab. 3a, b) Creseis clava is



present in low numbers during the early half of the
Eemian interval and reappears, also in small numbers,
at the Weichselian/Holocene boundary. In many of the
bottom sediment samples, however, this species is not
rare, and sometimes even commonly present.

A living population was recently photographed (Fig.
12) in shallow water along the Maltese coast. I thank
Julian Evans for the permission to include his picture
here.

Creseis chierchiae (Boas, 1886)
f. constricta Chen & Bé, 1964

non Creseis chierchiae Boas — Menzies, 1958: p. 386, fig.
2C, D (not 2E; non Boas = ‘beaked larva’ sensu van der
Spoel & Newman, 1990).

Creseis virgula constricta Chen & Bé, 1964: p. 194, figs 3d,
4d.

Clreseis] virgula [Rang] constricta Chen [sic] — Vergnaud
Grazzini & Herman Rosenberg, 1969: p. 280, pl. 1, figs
27, 28.

Creseis chierchine (Boas) — Rampal, [1975]: p. 12ff, fig. 2
(16).

Creseis virgula (Rang, 1828) constricta (Chen and Bé) [sic]
- Bé & Gilmer, 1977: p. 49ff, pl. 5, fig.12a, b.

Creseis chierchine — Ivanova, 1985: p. 352ff, pl. 3, figs 3,
4,

Creseis chierchiae (Boas, 1886) forma constricta Chen &
Bé, 1964 — Janssen, 2007b: p. 65, pl. 2, figs 7, §; pl. 23,
figs 3-6 (with extensive synonymy).

Description

See Chen & Bé (1964), Bé & Gilmer (1977), Janssen
(2007b).

Discussion

This taxon is absent from the material analyzed for this
paper. Vergnaud Grazzini & Herman Rosenberg (1969)
listed and illustrated it from core V 10.67, collected W of
Crete in the Ionian Sea, but without an indication from
which part of the core their specimens were collected.
Rampal (1975: p. 12; 2011) considered the presence of
this form in the Mediterranean ‘peu probable’.

The CLEMAM website (2011) erroneously lists ‘Creseis
virgula constricta’ as a synonym of C. virgula.

Creseis conica Eschscholtz, 1829
(Fig. 47F-))

Creseis conica Eschscholtz, 1829: p. 17, pl. 15, fig, 3.
Creseis striata — delle Chiaje, 1830: pl. 82, fig. 12 (non C.
striata Rang).

Creseis virgula. Rang — Deshayes, 1853: p. 62, pl. 103, fig.
14 (non Rang) (non ig. 13 (= C. virgula).

? Cleodora virgula, Rang — Vérany, 1853: p. 380 (non
Rang).

Styliola vitrea Verrill, 1872: p. 284, pl. 6, fig. 7.

Creseis rotunda Sowerby in Reeve & Sowerby, 1878: pl. 5,
fig. 28a, b.

? Clio (Creseis) virgula Pels. — Oberwimmer, 1898: p. 589.
(non Pelseneer).

Clio (Creseis) conica Eschsch. — Oberwimmer, 1898: p. 589.
Creseis virgula Rang — Menzies, 1958: p. 385, fig. 3c-e
(non virgula Rang).

Creseis virgula Rang — van Straaten, 1966: p. 431 (non
Rang).

Creseis acicula (Rang, 1828) forma clava (Rang, 1828) —
van der Spoel, 1967: p. 59, figs 28, 29.

non Creseis virgula (Rang, 1828) forma conica Eschscholtz,
1829 — van der Spoel, 1967: p. 60, fig. 31; figs 33-35, 39?)
(= Creseis virqula).

Creseis virgula (Rang, 1828) forma virgula (Rang, 1828) —
van der Spoel, 1967: p. 61, fig. 32 (non Rang).

?non Creseis conica Eschscholtz — Vergnaud Grazzini &
Herman Rosenberg, 1969: p. 280, pl. 1, figs 13-17 (non
Eschscholtz = Creseis virgula?).

Creseis virgula conica Eschscholtz — Pastouret, 1970: p.
238, pl. 3, fig. 2.

Creseis virgula (Rang, 1828 — Di Geronimo, 1970: p. 77,
pl. 3, fig. 6; pl. 4, fig. 1la-d (non Rang).

Creseis conica Eschscholtz — Herman, 1971a: p. 617.
Creseis conica — Herman, 1971b: p. 4754f, pl. 2, figs 3, 4.
Creseis virgula (Rang) — Froget & Pastouret, 1972: p.
612ff.

Creseis virgula Rang — Vatova, 1974: p. 108.

Creseis virgula (Rang, 1828) forma conica Eschscholtz,
1829 — Almogi-Labin & Reiss, 1977: p. 11, pl. 4, figs 6-8.
Creseis virgula — Herman, 1981: p. 189.

Creseis virgula Rang, 1828 — Grecchi, 1984: p. 15, pl. 1,
fig. 6 (non Rang).

Creseis virgula Rang — Buccheri & di Stefano, 1984: p.
182, pl. 1, fig. 8.

Creseis virgula (Rang, 1828) — Grecchi & Bertolotti, 1988:
p. 105, pl. 1, fig. 8 non Rang).

Creseis virgula (Rang, 1828) forma conica Eschscholtz,
1829 — Biekart, 1989: p. 207ff, pl. 2, fig. 2a, b.

Creseis acicula (Rang, 1828) — Bosch et al., 1995: p. 182,
fig. 846 (non Rang).

Creseis virgula Rang, 1828 — Gofas et al., 2001: p. 200.
Creseis conica conica Escholtz [sic] - Rampal, 2002: p. 233,
figs 9K-O, 11.

Creseis conica falciformis Rampal, 2002: p. 233, figs 9P-T,
11.

Creseis conica Eschscholtz, 1829 — Janssen, 2007: p. 153,
pl. 17, figs 3, 4.

Creseis conica Eschscholtz, 1829 — Rosenberg, 2009, Ma-
lacolog website.

Creseis conica — WoRMS website, 2011.

Creseis conica falciformis Rampal, 2002 - WoRMS web-
site, 2011.

Creseis virgula Rang 1828 — CLEMAM website, 2011
(partim, excl. synonymy).

Description

See Rampal (2002), Janssen (2007a). As stated by both
mentioned authors this species has frequently been re-
ferred to in literature with the name Creseis clava and/
or C. virgula (Rang, 1828).
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Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 524/many; Me25-11 Kgl, SMF 332866/1; Me25-13
Kgl, SMF 332889/2; Me25-13 Kg2, SMF 332906/1;
Me25-15 Kgl, SMF 332926/6; Me25-16 Kgl, SMF
332983/5; Me25-16 Kg2, SMF 333006/11; Me25-17 Kgl,
SMF 333032/28; Me25-17 Kg2, SMF 333052/19; Me25-
18 Kg2, SMF 333085/2 Me25-19 Kgl, SMF 333100/2;
Me25-19 Kg2, SMF 333119/41; Me25-20 Kg2, SMF
333159/6; Me25-20 Ku, SMF 333180/3; Me25-21 Kgl,
SMF 333200/26; Me25-21 Kg2, SMF 333221/2; Me25-22
Kg2, SMF 333240/5; Me25-23 Kgl, SMF 333263/2;
Me25-23 Kg2, SMF 333282/5; Me25-23 Ku, SMF
333299/1; Me25-24 Kgl, SMF 333316/1; Me25-24 Kg2,
SMF 333333/5; Me25-37 Kgl, RGM 541 620/493, RGM
541 620a, b /2 (Fig. 47G-I); Me25-38 Kg1, SMF 333379/7;
Me25-39 Kgl, SMF 333411/3; Me25-39 Kg2, SMF
333429/4.

Gravity core T87/2/20G (Saalian), sample 2.81-2.82 m,
RGM 569 079f/8; Me51/3-562, DCS RGA502/4.
Gravity core T87/2/20G (Eemian), sample 2.785-2.795
m, RGM 569 085c/1, RGM 569 129a/1 (Fig. 47F); 2.73-
2.74 m, RGM 569 086f/46;, 2.67-2.68 m, RGM 569
087d/27; 2.63-2.64 m, RGM 569 089%/8; Gravity core
T87/2/20G, 2.59-2.60 m, RGM 569 091g/8; 2.54-2.55 m,
RGM 569 092e/3; 2.49-2.50 m, RGM 569 093d/1; 2.47-
2.48 m, RGM 569 095f/19; 2.42-2.43 m, RGM 569 108/18;
2.36-2.37 m, RGM 569 1230/32, RGM 569 130a/1 (Fig.
47]); 2.33-2.34 m, RGM 569 165e/25; 2.30-2.31 m, RGM
569 181e/22; 2.24-2.25 m, RGM 569 202c/28; 2.21-2.22 m,
RGM 569 211/6; 2.18-2.19 m, RGM 569 242¢/2; 2.03-2.04
m, RGM 569 275/5; 1.97-1.98 m, RGM 569 292h/2; 1.91-
1.92 m, RGM 569 300f/1; 1.72-1.73 m, RGM 569 305¢/1.
Gravity core T87/2/20G (Holocene), sample 0.17-0.18
m, RGM 569 373g/1; 0.14-0.15 m, RGM 569 375g/5;
0.12-0.13 m, RGM 569 383d/3; 0.11-0.12 m, RGM 569
389¢/3; 0.095-0.105 m, RGM 569 391e/3; 0.05-0.06 m,
RGM 569 407d/5.

Bologna samples: CJ 72 III-20, RGM 570 411/c. 45 juve-
niles; CJ 72 I1I-21, RGM 570 449/13; CJ 72 1II-21 (bot-
tom), RGM 570 751/many; CJ 72 IlI-22, MZB (ex RGM
570 647)/many; CJ 72 I1I-25 (top), RGM 570 535/25; CJ]
72 1127 (centre), RGM 570 696/19 juveniles; CR 20,
RGM 570 391/many; CR 31, RGM 570 471/c. 50; CR 33,
MZB (ex RGM 569 793)/>50; CR 34, RGM 570 674/
many; CR 39, RGM 570 616/many; CR 42, RGM 570
360/many; CR 68, RGM 570 724/many; CR 70, RGM
570 564/many; ] 73-29, RGM 570 432/1 juvenile; ] 74-9,
RGM 570 498 /many; ] 74-10, RGM 569 914 /15 juveniles;
] 74-12, RGM 569 823/c. 50; T74-55-6, RGM 570 918/2
juveniles; T74-65-1, RGM 570 950/ many; T74-65-2, RGM
570 891/many.

Discussion

The long-term confusion that existed in literature be-
tween the various Creseis species may now considered
to be solved (Janssen, 2007b). Also the distinction be-
tween Creseis conica and C. virgula is clear: the former

species has a straight or lengthwise gradually curved
shell, in the latter the shell is strongly curved in its api-
cal third and straight towards the aperture and the shell
increases more rapidly in diameter. Van der Spoel (1967)
unfortunately mixed up these two.

Rosenberg (2009) and CLEMAM (2011) listed the taxon
Creseis rotunda Sowerby, 1878 as a synonym of C. “acicu-
lata’, but the illustration clearly shows a specimen with
a relatively wide apical angle, representing a straight
specimen of C. conica.

Menzies (1958) recorded this species as the most abun-
dant pteropod in the eastern Mediterranean, being
3-2000 times more common than the next most abun-
dant species C. acicula (= C. clava). Herman (1981) most
probably referred to this species with the name Creseis
virgula, recording it from the postglacial and/or inter-
stadial parts of cores from the Ionian, central Tyrrhenian
and Algero-Provengal seas. According to her ‘C. virqula’
is an epiplanktonic tropical-subtropical species present
in all basins (of the Mediterranean), reaching peak
abundances in the Ligurian Sea, the Gulf of Lyon, along
the French and Spanish coasts, and in the Aegean Sea.”.
Corselli & Grecchi (1990: p. 93) also referred to the
present species with the name C. virgula, accepting the
occurrence of living populations both in the western
and eastern Mediterranean. Rampal (2011) found this
species frequently all over the Mediterranean.

In gravity core 1T87/2/20G (Tab. 3a, b) Creseis conica
was found to be present in varying numbers (up to 46
specimens per sample) during the Eemian and Holocene
intervals, but was completely absent during the Weich-
selian.

Genus Hyalocylis Fol, 1875

Type species —‘Hyalocylis striata = Cleodora striata (Rang)’
(by original designation) (Recent).

Hyalocylis striata (Rang, 1828)
(Fig. 48A-L)

Clleodora (Creseis)] striata Rang, 1828: p. 315, pl. 17, fig.
3.

Creseis compressa Eschscholtz, 1829: p. 18, pl. 15, fig. 7.
Creseis zonata delle Chiaje, 1830: pl. 82, fig. 9.

Creseis striata. Rang — Cantraine, 1841: p. 32, pl. 1, fig.
10.

Creseis annulata. Rang, — Deshayes, 1853: p. 62, pl. 103,
figs 11, 12 (non Rang).

Clio (Hyalocylix) striata Pels. — Oberwimmer, 1898: p.
590.

Hyalocylix striata Rang — Steuer, 1911: p. 718, fig. 2.
Hyalocylix striata (Rang) — Menzies, 1958: p. 388, fig. 3a,
b.

Hyalocylix striata (Rang) — van Straaten, 1966: p. 431.
Hyalocylis striata (Rang, 1828) — van der Spoel, 1967: p.
64, figs 46a, b, 47, 347 (non fig. 42 = erroneous combina-
tion of two species).

Hyalocylix striata (Rang) — Pastouret, 1970: p. 238, pl. 1,
fig. 6.



Hyalocylix striata (Rang) — Di Geronimo, 1970: p. 84, plL.
3, fig. 3; pl. 4, fig. 5a, b.

Hyalocylis striata (Rang) — Colantoni et al., 1970: p. 180,
pl. 24, fig. 9.

Hyalocylix striata (Rang) — Herman, 1971a: p. 617-619.
Hyalocylix striata — Herman, 1971b: p. 475ff, pl. 1, fig.
11.

Hyalocylix striata (Rang) — Froget & Pastouret, 1972: p.
612ff.

Hyalocylis obtusa Di Geronimo, 1974a: p. 114, figs 1a, b,
2a,b, 3a, b.

Hyalocylis striata (Rang) — Vatova, 1974: p. 108.
Hyalocylis striata (Rang) — Richter, 1976: p. 145ff, text-fig.
4 (shell), 7 (radula).

Hyalocylix striata (Rang, 1828) — Almogi-Labin & Reiss,
1977: p. 13, pl. 6, figs 6-8 (non fig. 5).

Hyalocylis striata (Rang) — Bé & Gilmer, 1977: p. 770, figs
9a, b, 16.

Hyalocylix striata — Herman, 1981: p. 189.

Hyalocylis striata (Rang, 1828) — Grecchi, 1984: p. 16, pl.
1, fig. 4.

Hyalocylis striata (Rang) — Buccheri, 1984: p. 80, pl. 1,
fig. 7.

Hyalocylis striata (Rang) — Buccheri & di Stefano, 1984:
p. 182, pl. 1, fig. 9.

Hyalocylis striata (Rang, 1828) — Grecchi & Bertolotti,
1988: p. 107, pl. 1, fig. 10.

Hyalocylis obtusa — Corselli & Grecchi, 1990: p. 96.
Hyalocylis striata (Rang, 1828) — Kunz, [1996]: p. 94, plL.
11, figs 1-4.

Hyalocylis obtusa Di Geronimo, 1974 — Gofas et al., 2001:
p- 200.

Hyalocylis striata (Rang, 1828) — Gofas et al., 2001: p.
200.

Hyalocylis striata (Rang, 1828) — Rosenberg, 2009, Mala-
colog website.

Hyalocylis striata (Rang, 1828) — WoRMS website, 2011.
Hyalocylis striata (Rang 1828) - CLEMAM website,
2011.

Description

See van der Spoel (1967), Di Geronimo (1970), Bé &
Gilmer (1977).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 525/many; Me25-11 Kgl, SMF 332867/2; Me25-12
Kg2, SMF 332876/1;, Me25-13 Kgl, SMF 332890/12;
Me25-13 Kgl; Me25-15 Kgl, SMF 332927/7; Me25-15
Kg2, SMF 332946/5; Me25-16 Kgl, SMF 332984/25;
Me25-16 Kg2, SMF 333007/3; Me25-17 Kgl, SMF
333033/13; Me25-17 Kg2, SMF 333053/29; Me25-18 Kg1,
SMF 333071/5; Me25-18 Kg2, SMF 333086/5; Me25-19
Kgl, SMF 333101/27, Me25-19 Kg2, SMF 333120/18;
Me25-20 Kg2, SMF 333160/3; Me25-20 Ku, SMF
333181/8; Me25-21 Kgl, SMF 333201/3; Me25-21 Kg2,
SMF 333222/5; Me25-22 Kg2, SMF 333241/1; Me25-23
Kgl, SMF 333264/17, Me25-23 Kg2, SMF 333283/10;

Me25-23 Ku, SMF 333300/10; Me25-24 Kgl, SMF
333317/7; Me25-24 Kg2, SMF 333334 /30; Me25-37 Kg1,
RGM 541 621/296, RGM 541 621a, b /2 (Fig. 48A, B),
RGM 541 622/8, RGM 541 622a-c/3 (Fig. 48C-G) (f. ob-
tusa); Me25-37 Ku, SMF 333362/22; Me25-38 Kgl, SMF
333380/18; Me25-39 Kgl, SMF 333412/2; Me25-39 Kg2,
SMF 333430/4.

Gravity core T87/2/20G (Eemian), sample 2.785-2.795
m, RGM 569 085d/1 fragment; Gravity core T87/2/20G,
2.73-2.74 m, RGM 569 086g/2 fragments; 2.49-2.50 m,
RGM 569 093e/1 fragment; 2.47-2.48 m, RGM 569
095g/2 fragments; 2.45-2.46 m, RGM 569 100d/1 frag-
ment; 2.42-2.43 m, RGM 569 109/2, 1 protoconch, RGM
569 109a/1 protoconch (Fig. 48L); 2.36-2.37 m, RGM 569
131/10, 3 protoconchs, RGM 569 131a/1 protoconch
(Fig. 48K); 2.33-2.34 m, RGM 569 153/4, 12 protoconchs;
2.30-2.31 m, RGM 569 171/17 protoconchs, RGM 569
171a/1 protoconch (Fig. 48I); 2.24-2.25 m, RGM 569
191/11, 37 protoconchs, RGM 569 191a/1 protoconch
(Fig. 48]); 2.21-2.22 m, RGM 569 212/6, 29 protoconchs,
RGM 569 212a/1 protoconch (Fig. 48H); 2.18-2.19 m,
RGM 569 242f/4 protoconchs; 2.16-2.17 m, RGM 569
244/5 protoconchs; 2.14-2.15 m, RGM 569 257/2 proto-
conchs; 2.03-2.04 m, RGM 569 284d/1 protoconch.
Gravity core T87/2/20G (Holocene), sample 0.14-0.15
m, RGM 569 375h/1 fragment; 0.12-0.13 m, RGM 569
383e/1 fragment.

Bologna samples: CJ 72 III-25 (top), RGM 570 536/1; CR
20, RGM 570 392/4; CR 31, RGM 570 472/5; CR 33,
MZB (ex RGM 569 794)/1; CR 34, RGM 570 675/3; CR
39, RGM 570 617/20; CR 42, RGM 570 361/10, RGM 570
362/1 protoconch; CR 68, RGM 570 725/13; CR 70,
RGM 570 566/1, 1 fragment; ] 74-9, RGM 570 499/19,
RGM 570 596/24 protoconchs, RGM 570 500/1 (f. obtu-
sa); J 74-12, RGM 569 828/3; T74-65-2, RGM 570 892/2
fragments.

Discussion

By far most specimens in shell preservation from bot-
tom samples are found with their apical shell part as a
simple opening, which is more difficult to observe in
internal moulds. Obviously, during lifetime of the spec-
imens, after shedding or, more probably, dissolution of
the protoconch, the apex must have been closed with an
organic tissue, that disappears soon after death of the
animal. This explains why the larval shell of this species
remained practically unknown for a long time, as dis-
cussed in Janssen (2007a: p. 154). In the present material
specimens with a calcified closing septum (van der
Spoel, 1967: fig. 46b; Janssen, 2007a: pl. 18, fig. 4) were
also absent, but shells with a closed and wrinkled api-
cal portion are occasionally found (Fig. 48C, E-G). These
seem to occur in specimens in which also the organic
tissue already tends to dissolve during lifetime of the
animal, which necessitates precipitation of calcareous
matter on the inner surface of the tissue, as explained
by Bandel & Hemleben (1995: p. 231). The occurrence of
calcified protoconchs is supposed to depend on local
environmental circumstances, as demonstrated by the
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observation of Almogi Labin (1982: p. 58), who record-
ed many juvenile specimens with protoconch. Richter
(1976: p. 146, fig. 4) illustrated a ‘thin-shelled” proto-
conch, stating that such specimens collaps regularly
when drying, which indeed points to an organic na-
ture.

In several samples of the gravitiy core studied for the
present paper protoconchs are found (Fig. 48H-L), usu-
ally as internal moulds. Dissolution of the calcareous
protoconch, followed by a threatening dissolution of
the organic membrane occasionally progresses into a
more adapertural part of the shell. In sample Me 25-37
Kg 1 a number of specimens was found in internal
mould preservation demonstrating a wrinkled apical
portion, followed by an initial part of the teleoconch not
demonstrating the usual annulations, but with a more
or less irregular cylindrical surface on which frequently
fine radial lines are seen (Fig. 48C-G). Obviously in
these specimens also the early part of the teleoconch
suffered from dissolution and new calcareous material
was precipitated on the inner side of the organic tissue.
Such a specimen was already illustrated by Tesch (1904:
pl. 1 fig. 16 [not pl. 2]), who considered it an anomaly.
Van der Spoel & Newman (1990, figs 1c, d) considered
the irregular closing a result of ‘shell repair after dam-
age’. Shells with these characteristics were introduced
as a new species by Di Geronimo (1974a: p. 113, figs
1-2), Hyalocylis obtusa (erroneously included in the
Limacinidae), which herewith becomes a junior syno-
nym of H. striata, to be applied as a forma only. Kunz
(1996: pl. 11, figs 4-5) gave SEM images of this feature,
indicating them as ‘H. striata Sondertyp’.

Several fossil taxa, namely Tentaculites cretaceus Blanck-
enhorn, 1889, Prachyalocylis haitensis Collins, 1934 and
Hyalocylis euphratensis Avnimelech, 1945 were already
synonymized with the present species by Janssen (1999).
Both Rosenberg (2009) and CLEMAM (2011) list Creseis
rugulosa Cantraine, 1841 as a synonym of Hyalocylis stri-
ata. However, Cantraine (1841) based his record on
Odontidium rugulosum Philippi, 1836, which is a junior
synonym of the benthic gastropod Caecum trachea Mon-
tagu, 1803. As the specimen recorded by Cantraine
(from Pliocene deposits of Andona, near Asti, Italy) is
characterized by ‘sa solidité et par le petit tubercule qui la
termine inférieurement’ it is clear that his specimen repre-
sents a species of Caecum as well.

The taxa Creseis monotis Troschel, 1854 and C. phaeostoma
Troschel, 1854 were listed by van der Spoel (1976: p.
129-129) and by Rosenberg (2009) as junior synonyms
of Hyalocylis striata. Considering the measurements of
the described specimens, of 0.5 and 1 mm respectively,
and the absence of Hyalocylis larval shell structures, I
consider it more probable that they represent very juve-
nile Cavolinia-species. This was also decided for the
taxon Cleodora trifilis Troschel, 1954 by van der Spoel
(1967: p. 132) and Rosenberg (2009), who treated that
taxon as a junior synonym of Cavolinia tridentata.

This species is present all over the Mediterranean
(Meisenheimer, 1905), inclusive of the Adriatic (Steuer,
1911: p. 718), but is clearly more common in the eastern

than in more western parts of the basin (Rampal, 1975:
p. 333). Living specimens were observed in the Strait of
Messina by Cantraine (1841). Many stations in the east-
ern Mediterranean sampled by Oberwimmer (1898)
yielded dead and living specimens. According to Ram-
pal (2011) this species is very common in the eastern
Mediterranean, but less frequent in the western parts.
Herman (1971a, b) mentioned the occurrence of this
species in the postglacial or interstadial parts of cores in
the southern Aegean Sea, the Levantine Basin and the
central Tyrrhenian Sea, adding (1981: p. 189) ‘this tropi-
cal sub-surface water species is much more abundant in
the eastern than in the western basins’ (of the Mediter-
raean). Grecchi & Bertolotti (1988) recorded just three
specimens (inclusive of one protoconch) from the colder
interval of late Pleistocene sediments in core GC-18 (32°
32" 83” N 26° 50" 49” E). Their illustrated protoconch
was correctly identified as H. striata, which is amazing,
as these authors still considered Creseis chierchiae (Boas,
1886) to be an invalid name based on juvenile specimens
of H. striata, as was erroneously suggested by van der
Spoel (1967, fig. 42). But their specimen has not the
slightest resemblance with the real C. chierchiae. The au-
thors refer in this context to Menzies (1958) and Almogi-
Labin (1982), the latter of which indeed illustrated a true
protoconch of H. striata, whereas Menzies misidentified
so-called ‘beaked larvae’ as Creseis chierchiae (see below,
at the end of the systematical part of the present paper).
So, even after more than 20 years van der Spoel’s inter-
pretation still caused a mix-up in pteropod literature.
Finally, in 1990, van der Spoel & Newman described the
real protoconch of Hyalocylis striata, pointing also to
several earlier illustrations, and admitting that the idea
published by van der Spoel (1967) is incorrect. Remark-
ably enough, they also denied (van der Spoel & New-
man: p. 203) the correctness of Richter’s (1976) state-
ments, who in my opinion was the first author who
solved the Hyalocylis-protoconch-problem convincingly.
Corselli & Grecchi (1990: p. 96) refer to Hyalocylis obtusa,
stating that the taxon is exclusively known by the type
series of four specimens from bottom sediments, had
never been found alive, and was never referred to in
later literature.

In gravity core T87/2/20G (Tab. 3a, b) this species is
not rare during the middle part of the Eemian interval,
absent during the Weichselian, and reoccurring during
the Holocene, but with two specimens only. Hyalocylis
striata is not rare in many of the bottom samples ana-
lyzed for this paper and occurs frequently in internal
mould preservation.

Genus Styliola ].E. Gray, 1847
Type species — ‘Styliole” recta Blainville, 1827 (by original
designation) = Styliola subula Quoy & Gaimard, 1827.
Styliola subula (Quoy & Gaimard, 1827)
(Fig. 49A)

Cleodora subula Quoy & Gaimard, 1827: p. 233, pl. 8D,
figs 1-3.



Creseis spinifera Rang, 1828: p. 313, pl. 17, fig. 1.

Creseis subula Quoy et Gaimard — Rang, 1828: p. 314, pl.
18, fig. 1.

Cleodora subulata [sic] Quoy & Gaimard, 1832: p. 382, pl.
27, figs 14-16.

Cleodora subulata, Quoy et Gaim. — Vérany, 1853: p. 380.
Styliola subula Quoy et Gaimard — Menzies, 1958: p. 387,
fig. 4a-e.

Clio (Styliola) subula Gray — Oberwimmer, 1898: p. 590
(non Gray).

Styliola subula Quoy et Gaimard — van Straaten, 1966: p.
431.

Styliola subula (Quoy & Gaimard, 1827) — van der Spoel,
196, 7p. 63, figs 43-45.

Styliola subula (Quoy et Gaimard) — Blanc-Vernet et al.,
1969: p. 220.

Styliola subula (Quoy et Gaimard) — Pastouret, 1970: p.
238, pl. 2, fig. 4.

Styliola subula (Quoy e Gaimard) — Di Geronimo, 1970:
p- 81, pl. 3, fig. 7; pl. 5, fig. 2a, b.

Styliola subula (Quoy & Gaimard) — Colantoni et al,,
1970: p. 179, pl. 24, fig. 10.

Styliola subula Quoy & Gaimard — Herman, 1971a: p.
617-619.

Styliola subula — Herman, 1971b: p. 475ff.

Styliola subula (Quoy-Gaymard) [sic] — Froget & Pas-
touret, 1972: p. 612ff.

Styliola subula Quoy et Gaimard — Vatova, 1974: p. 108.
Styliola subula (Quoy and Gaimard, 1827) — Almogi-La-
bin & Reiss, 1977: p. 15, pl. 9, figs 4, 5.

Styliola subula (Quoy and Gaimard) — Bé & Gilmer, 1977:
p. 763, fig. 11; pl. 5, figs 10a-d.

Styliola subula — Herman, 1981: p. 190.

Styliola subula (Quoy and Gaimard) — Buccheri, 1984: p.
80, pl. 1, fig. 8.

Styliola subula (Quoy & Gaimard) — Buccheri & di Ste-
fano, 1984: p. 182, pl. 1, fig. 4.

Styliola subula (Quoy & Gaimard, 1827) — Grecchi & Ber-
tolotti, 1988: p. 106, pl. 1, fig. 9.

Styliola subula (Quoy & Gaimard, 1827) — Biekart, 1989:
p. 280ff, pl. 2, fig. 4a, b.

Styliola subula (Quoy & Gaimard, 1827) — Janssen, 1999:
p. 18, fig. 3; pl. 3, figs 7-9 (with neotype designation).
Styliola subula (Quoy & Gaimard, 1827) — Gofas et al.,
2001: p. 200.

Styliola subula (Quoy & Gaimard, 1827) — Rosenberg,
2009, Malacolog website.

Styliola subula (Quoy & Gaimard, 1827) - WoRMS web-
site, 2011.

Styliola subula (Quoy & Gaimard 1827) - CLEMAM
website, 2011.

Description

Van der Spoel (1967), Bé & Gilmer (1977), Janssen (1999).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 526/many; Me25-11 Kgl, SMF 332868/8; Me25-12

Kg2, SMF 332877/8; Me25-13 Kgl, SMF 332891/50;
Me25-13 Kg2, SMF 332907/68;, Me25-13 Ku, SMF
332913/1; Me25-15 Kgl, SMF 332928/18; Me25-15 Kg2,
SMF 332947 /36; Me25-15 Ku, SMF 332965/6; Me25-16
Kgl, SMF 332985/51; Me25-16 Kg2, SMF 333008/50;
Me25-17 Kgl, SMF 333034/80; Me25-17 Kg2, SMF
333054/62; Me25-18 Kg1, SMF 333072 /24; Me25-18 Kg2,
SMF 333087/33; Me25-19 Kgl, SMF 333102/38; Me25-
19 Kg2, SMF 333121/125; Me25-20 Kg1, SMF 333141/32;
Me25-20 Kg2, SMF 333161/23;, Me25-20 Ku, SMF
333182/41; Me25-21 Kg1, SMF 333202 /40; Me25-21 Kg2,
SMF 333223/26; Me25-22 Kg2, SMF 333242/42; Me25-
23 Kgl, SMF 333265/53; Me25-23 Kg2, SMF 333284 /54;
Me25-23 Ku, SMF 333301/64; Me25-24 Kgl, SMF
333318/33; Me25-24 Kg2, SMF 333335/70; Me25-37 Kg1,
RGM 541 623/1820; Me25-37 Ku, SMF 333363 /62; Me25-
38 Kgl, SMF 333381/39; Me25-38 Ku, SMF 333395/9;
Me25-39 Kgl, SMF 333413/44; Me25-39 Kg2, SMF
333431/45.

Gravity core T87/2/20G (Eemian), sample 2.21-2.22 m,
RGM 569 213/1; 2.18-2.19 m, RGM 569 230/5, RGM 569
230a/1 (Fig. 49A); 2.16-2.17 m, RGM 569 254i/5; 1.72-
1.73 m, RGM 569 305f/4.

Gravity core T87/2/20G (Weichselian), sample 1.43-1.44
m, RGM 569 332f/2; 1.13-1.14 m, RGM 569 335b/1.
Gravity core T87/2/20G (Holocene), sample 0.17-0.18
m, RGM 569 373h/1.

Bologna samples: CJ 72 11I-20, RGM 570 412 /many juve-
niles; CJ 72 I1I-21, RGM 570 450 /many; C] 72 11I-21 (bot-
tom), RGM 570 752/many juveniles; CJ 72 IlI-22, MZB
(ex RGM 570 648)/many; CJ 72 III-25 (top), RGM 570
537/many; CJ 72 1II-27 (centre), RGM 570 697/24 juve-
niles; CR 20, RGM 570 393 /many; CR 31, RGM 570 473/
many; CR 33, MZB (ex RGM 569 795)/many; CR 34,
RGM 570 676 /many; CR 39, RGM 570 618 /many; CR 42,
RGM 570 364 /many; CR 68, RGM 570 726 /many; CR 70,
RGM 570 565/many; J 73-29, RGM 570 433/3 juveniles; ]
74-9, RGM 570 501/many, RGM 570 502/many proto-
conchs; ] 74-12, RGM 569 825/many; T74-65-1, RGM 570
951/many; T74-65-2, RGM 570 893/many; T74-65-9,
RGM 570 932/11; T74-65-10, RGM 570 864/many.

Discussion

The fossil taxa Styliola sulcifera Gabb, 1873, Styliola
rangiana Tate, 1887 and Clio (Styliola) lamberti Checchia-
Rispoli, 1921 were synonymized with the present spe-
cies by Janssen (1990, 1999). Because of difficult inter-
pretation of the original description of S. subula and the
subsequent confusion that arose between the taxa Cleo-
dora subula Quoy & Gaimard and Creseis spinifera Rang
a neotype was designated (Janssen, 1999) to end no-
menclatural uncertainty.

The CLEMAM website claims Styliola recta ].E. Gray,
1850 to be a synonym of the present species. Gray, how-
ever, referred to ‘Styliola recta’ in de Blainville (1827), a
taxon that was also considered to be a synonym of Sty-
liola subula by Pelseneer (1888: p. 57), van der Spoel
(1967: p. 63, with a query) and Rosenberg (2009). But
from the description and the list of synonyms given by
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Gray, it is clear that he considered Styliola recta a junior
synonym of Creseis acicula (Rang, 1828) (misspelled as
“aciculata’) and C. clava (Rang, 1828). As Styliola recta de
Blainville was published without description or illus-
tration I consider it a nomen dubium, certainly not to be
applied as a junior synonym of either Styliola subula or
Creseis acicula/clava.

Cantraine (1841) reported this species to be common in
the Strait of Messina and recorded it as a fossil from the
subapenninian hills and the region of Siena (Italy).
Oberwimmer (1898) recorded Styliola subula in bottom
samples from many stations in the eastern Mediterra-
nean and the Adriatic Sea. Living specimens were en-
countered at 10 stations in the Ionian Sea and the Le-
vantine Basin. Herman (1971a, b; 1981) found this spe-
cies to be a common occurrence in the postglacial parts
of cores in the southern Aegean, the Ionian and the cen-
tral Tyrrhenian seas, and in the Levantine Basin. Vatova
(1974) found this species to be very common in four
bottom samples from the Ionian Sea. Almogi-Labin &
Reiss (1977: p. 16) recorded this species from sediment
samples taken along the coast of Israel in abundances
between 8 and 16% of the entire pteropod assemblage,
as well as, in somewhat lower concentrations, in two
cores from the same area. Rampal (2011) referred to this
species as very common in the southwestern and east-
ern Mediterranean.

Styliola subula is a frequently occurring component in
many of the bottom samples analyzed for this paper,
sometimes found in hundreds of specimens: as an ex-
ample, in sample Me25-37 Kgl (RGM 541 623) no less
than 1820 specimens were counted. In gravity core
T87/2/20G, on the contrary, this species is remarkably
rare. It occurs in just three samples of the Eemian inter-
val, and always in very low numbers. It was only found
in two of the Weichselian samples (1 or 2 specimens
only) and even in the Holocene interval just one speci-
men was present.

Family Cuvierinidae van der Spoel, 1967
Genus Cuvierina Boas, 1886

Type species — Cuvierina columnella (Rg.) (by monotypy)
(Recent).

Subgenus Urceolarica A.-W. Janssen, 2006

Type species — Cuvieria urceolaris Morch, 1850 (by origi-
nal designation) (Recent)

Cuvierina (Urceolarica) cancapae A.W. Janssen, 2005
(Fig. 13A-C)

non Cuvierina cf. C. columnella (Rang, 1827) — Grecchi &
Bertolotti, 1988: p. 110, pl. 1, fig. 11 (= Genus Clioni-
darum sp. 4; see below).

? Cuvierina columnella (Rg.) — Boas, 1886: p. 132 (partim),
pl. 6, figs 950-p (non Rang).

Cuvierina spoeli Rampal, 2002: p. 214 (partim, non fig.
1Cs = Cuwvierina columnella, includes C. atlantica and C.
columnella).

Cuvierina columella [sic] (Rang, 1827) — Rolan et al., 2005:
p. 224, fig. 1035.

Cuvierina (Urceolaria) cancapae Janssen, 2005: p. 52, figs
21-23.

Description

See Janssen (2005).

Material examined

MEDITS; Sta. 102, trawl, 35° 59.06" N 14° 10.86" E, 205
m, vi.2004; leg. M. Dimech, 1 specimen (Fig. 13A-C), C.
Mifsud collection.

Discussion

The occurrence of this species, found in a bottom sam-
ple from SW of the Maltese archipelago is very surpris-
ing. Specimens of Cuvierina are sometimes recorded
from the western Mediterranean, and were invariably
considered to be indicators of Atlantic water masses.
Considering the distribution of Cuvierina species in the
Atlantic (Janssen, 2005, fig. 35) especially the species C.
atlantica Bé, MacClintock & Currie, 1972 might be ex-
pected to penetrate into the Mediterranean through the
Strait of Gibraltar. The second Atlantic species, C. canca-
pae occurs only much further south, not in the neigh-
bourhood of Gibraltar. By the presence of clear microor-
nament and its measurements, however, the single

Fig. 13. A-C. Cuvierina (Urceolarica) cancapae Janssen; 2005 (microor-
nament schematically idicated); MEDITS; Sta. 102, trawl, 35" 59.06" N
14° 10.86" E, water depth 205 m, April 2004. Leg. M. Dimech, coll. C.
Mifsud. A. Apertural view. B. Ventral view. C. Left lateral view. Bar
length is 1T mm.

Fig. 13. A-C. Cuvierina (Urceolarica) cancapae Janssen; 2005 (microscul-
tura raffigurata in maniera schematica); MEDITS; Stazione 102, retinata,
35°59,06' N 14° 10,86' E, profondita 205 m, Aprile 2004. Leg. M. Di-
mech, coll. C. Mifsud. A. Vista aperturale. B. Vista ventrale. C. Vista
laterale sinistra. Scala = 1 mm.



specimen in the C. Mifsud collection belongs to the lat-
ter species, which therefore must be considered to be
transported ‘far from home’.

Subgenus incertae sedis

Cuvierina (s. lat.) sp.
(Fig. 49B-D)

Description

Exclusively larval shells were found, characterized by a
typical cuvierinid protoconch, as illustrated in Fig. 49B-
D. These may be mistaken for larval shells of Styliola or
Clio pyramidata, but are easily distinguished by their
rounded apex instead of being pointed.

Material examined (all protoconchs)

Gravity core T87/2/20G (Eemian), 2.45-2.46 m, RGM
569 098/1; 2.42-2.43 m, RGM 569 110/14; 2.36-2.37 m,
RGM 569 132/134, RGM 569 132a-c/1 (Fig. 49B-D);
2.33-2.34 m, RGM 569 154/144; 2.30-2.31 m, RGM 569
172/83; 2.24-2.25 m, RGM 569 192/80; 2.21-2.22 m, RGM
569 214/57; 2.18-2.19 m, RGM 569 231/13; 2.16-2.17 m,
RGM 569 254j/16; 2.14-2.15 m, RGM 569 258/5.

Discussion

Juvenile Cuvierina specimens cannot (yet?) be identified
to species level. Several authors refer to the presence of
Cuvierina in the western parts of the Mediterranean,
usually indicated as Cuvierina columnella. In most cases,
however, this may be supposed to be C. atlantica Bé,
MacClintock & Currie, 1972 in reality, as that is the only
Atlantic cuvierinid living in the neighbourhood of Gi-
braltar (Janssen, 2005, fig. 35).

Specimens from cores and sediment samples taken
along the Israelian coast by Almogi-Labin & Reiss (1977:
p- 12, pl. 4, fig. 11; pl. 5, figs 1, 3), as well as from the
Gulf of Elat, identified as Cuvierina cf. C. columnella
(Rang, 1827) forma urceolaris (Morch 1850) are no ptero-
pods but Scaphopoda, belonging to the family Sipho-
nodentaliidae Simroth, 1894.

Herman (1981: p. 189) referred to ‘Cuvierina columnella’
as an indicator of Atlantic water, a tropical species
present at very low frequencies near the Strait of Gi-
braltar and the Alboran Sea. She did not record Cuvie-
rina from her cores. Corselli & Grecchi (1990) refer to
records in Rampal (1975) of ‘Cuvierina columnella” in the
western Mediterranean. Similarly, Rampal (2011) men-
tions Cuvierina columnella as very rare in the Alboran
Sea

A larval specimen distinctly belonging to Cuvierina was
described as a new species, Styliola sinecosta Wells, 1974.
Rosenberg (2009) suggests that this name might be a
senior synonym of Cuvierina cancapae Janssen, 2005.
Considering its type locality, W of Barbados, and the
distribution of Cuvierina species in that area (Janssen,
2005, fig. 35), it could just as well be a juvenile of C. at-

lantica. A similar problem is formed by the taxon Creseis
caliciformis Meisenheimer, 1905, which also represents a
juvenile Cuvierina. Its type locality, however (26° 4" S
93° 44’ E) is in an area from which only C. columnella is
known. Therefore Rosenberg (2009) most probably is
right in synonymizing it with that species.

In the present material juvenile Cuvierina specimens
were only found in the gravity core and exclusively in
the middle part of the Eemian, occurring sometimes in
rather large numbers, counting up to no less than 550
specimens per 1 cm sample interval, demonstrating a
clear preference for somewhat warmer water, and the
presence of sound, reproducing populations at that
time.

Family Cliidae Jeffreys, 1869
Genus Clio Linné, 1767

Type species - ‘Clio pyramidata’ (by subsequent designa-
tion, J.E. Gray, 1847: p. 203) (Recent).

Note — Subgeneric names are sometimes applied to spe-
cies of Clio, but for many taxa, especially those from the
fossil record, this is not (yet) possible, as the morpholo-
gy of the larval shells is insufficiently known. A reliable
subdivision of the genus Clio will only be possible when
the evolutionary developments will be better under-
stood. The genus is known since the late Eocene by an
unidentified species from S. Australia (Janssen, 1990: p.
40, pl. 6, figs 11-12). Also DNA sequencing of the living
representatives may shed light on their mutual relation-
ship.

Subgenus Balantium Children, 1823

Type species — ‘Balantium recurvum’ (by original desig-
nation, Children, 1823: p. 220) = Clio (Balantium) recurva
(Children, 1823) (Recent).

Clio (Balantium) recurva (Children, 1823)

Balantium recurvum Children, 1823: p. 220 (footnote), pl.
7, fig. 107.

Clio recurva (Childern [sic], 1823 — van der Spoel, 1967:
p. 76, figs 72-73 (with extensive synonymy).

Clio balantium (Rang) — Bé & Gilmer, 1977: p. 781, fig. 25,
pl. 6, fig. 18a-d.

Clio balantium (Rang, 1834) — Rampal, 1979: p. 149, fig.
la.

Clio recurva — Rampal, 1996: p. 178, pl. 1, figs K, K’; pl. 2,
figs Cr.

Description

See van der Spoel (1967) and references therein; Bé &
Gilmer (1977).

Discussion

The only Mediterranean record of this species is by
Rampal (1979, 1996a), who isolated a single specimen
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from bottom sediments in the southern Tyrrhenian Sea,
where it was found co-occurring with numerous Cavo-
linia uncinata and Diacria trispinosa, pointing to a depos-
it “d'une passée chaude correspondant probablement a I'un
des derniers ‘optima climatiques’ qui ont précédé la période
de sédimentation actuelle” [“of a former warm period
probably corresponding to one of the last ‘climatic op-
tima’ that preceded the actual sedimentation period”]

Subgenus Bellardiclio Janssen, 2004

Type species — Clio (Bellardiclio) cuspidata (Bosc, 1802)
(by original designation) (Recent).

Clio (Bellardiclio) cuspidata (Bosc, 1802)
(Figs 14A-F, 21A-C, 49E-I)

Hyalcea cuspidata Bosc, 1802: p. 241, pl. 9, figs 5-7.
Cleodora Lessonii Rang & Férussac, 1829: p. 261 (nomen
nudum).

Cleodora cuspidata — delle Chiaje, 1830: pl. 83, figs 9-11.
Cleodora Lessonii, Rang — Lesson, 1830: p. 247 (pl. 10, fig.
1; not seen).

? Cleodora quadrispinosa, Lesson, 1830: p. 248.

Hyalzea cuspidata. Bosc — Cantraine, 1841: p. 29, figs §,
8a.

Cleodora cuspidata, Quoy et Gaimard [sic] — Souleyet in
Rang & Souleyet, 1852: p. 48, pl. 5, figs 4, 5; pl. 10, fig.
3.

Cleodora cuspidata, Quoy & Gaimard — Vérany, 1853: p.
380 (non Quoy & Gaimard).

Cleodora cuspidata Quoy e Gaym. [sic] — Seguenza, 1867:
p. 10, plL. 1, fig. 10a, b.

Cleodora cuspidata Lamk. [sic] (Hyalaea) — Seguenza, 1880:
p. 276.

Clio (Clio) cuspidata Pels. — Oberwimmer, 1898: p. 590
(non Pelseneer).

Euclio cuspidata (Bosc) — Menzies, 1958: p. 383, fig. 2a,
b.

Euclio cuspidata (Bosc) — van Straaten, 1966: p. 431.

Clio cuspidata (Bosc, 1802) — van der Spoel, 1967: p. 73,
figs 64-67 (with extensive synonymy).

Euclio cuspidata (Bosc) — Blanc-Vernet et al., 1969: p.
220.

Clio cuspidata (Bosc) — Vergnaud Grazzini & Herman
Rosenberg, 1969: p. 280ff.

Euclio cuspidata (Bosc) — Pastouret, 1970: p. 238, pl. 2, fig.
5.

Euclio cuspidata (Bosc) — Di Geronimo, 1970: p. 74, pl. 3,
fig. 9; pl. 5, fig. 1a-d.

Clio cuspidata (Bosc) — Colantoni et al., 1970: p. 181, pl.
25, fig. la-c; pl. 26, figs 1, 2.

Clio cuspidata (Bosc) — Herman, 1971a: p. 614, 618.

Clio cuspidata — Herman, 1971b: p. 475ff.

Euclio cuspidata (Bosc) — Froget & Pastouret, 1972: p.
612ff.

Euclio cuspidata (Bosc) — Vatova, 1974: p. 108.

Clio cuspidata (Bosc) — Bé & Gilmer, 1977: p. 781, fig. 24;
pl. 5, figs 15a-d.

Clio cuspidata (Bosc, 1802) — Almogi-Labin & Reiss, 1977:
p. 8, pl. 1, figs 5-8.

Clio cuspidata (Bosc) — Buccheri, 1978: p. 134, pl. 2, fig. 7.
Clio cuspidata (Bosc) — Buccheri et al., 1980: p. 99, pl. 1,
fig. 10.

Clio cuspidata (Bosc) — Herman, 1981: p. 178ff.

Clio cuspidata — Torelli & Buccheri, 1981: p. 178.

Clio cuspidata (Bosc) — Buccheri & Torelli, 1981: p. 78.
Clio cuspidata — Herman, 1981: p. 189.

non Clio cuspidata (Bosc) — Grecchi, 1982: p. 721, pl. 53,
figs 1, 2 (non Bosc = C. braidensis?).

Clio cuspidata (Bosc) — Torelli & Buccheri, 1983: p. 160ff,
pl. 2. fig. 4.

Clio cuspidata (Bosc, 1802) — Grecchi, 1984: p. 17, pl. 1,
fig. 7.

Clio cuspidata (Bosc) — Buccheri, 1984: p. 80.

Clio cuspidata (Bosc) — Buccheri, 1985: p. 119.

Clio cuspidata (Bosc, 1802) — Grecchi & Bertolotti, 1988:
p. 109, pl. 1, fig. 6.

Clio cuspidata — Biekart, 1989: p. 208ff, pl. 2, fig. 3.

Clio cuspidata (Bosc) — Buccheri & Bertoldo, 1992: p. 497,
498.

Clio cuspidata (Bosc, 1802) — Kunz, [1996]: p. 105, pl. 14,
figs 1-4.

Clio cuspidata (Bosc, 1802) — Gofas et al., 2001: p. 200.
Clio (Bellardiclio) cuspidata (Bosc, 1802) — Janssen, 2004:
p. 114, pl. 3, figs 3a, b, 4a, b.

Clio cuspidata (Bosc, 1802) — Rosenberg, 2009, Malacolog
website.

Clio cuspidata (Bosc, 1802) ~-WoRMS website, 2011.

Clio cuspidata (Bosc 1802 - CLEMAM website, 2011.
Clio cuspidata (Bosc, 1802) — ETI website, 2011.

Description

Di Geronimo (1970), Bé & Gilmer (1977). A semiadult
specimen is illustrated in Fig. 14A-F, compared to Clio
oblonga (Fig. 15A-F); a juvenile specimen is illustrated in
Fig. 21A-C, for a comparison with Clio polita. The curi-
ously reticulated apical spine of the protoconch is illus-
trated in Fig. 49F and I.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 528/26 juveniles; Me25-13 Kgl, SMF 332892/2;
Me25-15 Kgl, SMF 332929/6;, Me25-15 Kg2, SMF
332948/1 protoconch; Me25-16 Kg2, SMF 333009/5, 1
protoconch; Me25-17 Kg1, SMF 333035/5; Me25-17 Kg2,
SMF 333055/4; Me25-19 Kgl, RGM 569 499/2, SMF
333103/11; Me25-19 Kg2, SMF 333122/3, 1 protoconch;
Me25-20 Kg2, SMF 333162 /2; Me25-20 Ku, SMF 333183/1
protoconch; Me25-21 Kgl, SMF 333203/1 protoconch;
Me25-22 Kg2, SMF 333243 /2; Me25-22 Ku, SMF 333250/2;
Me25-23 Kgl, SMF 333266/8, 1 protoconch; Me25-23
Kg2, SMF 333285/2; Me25-23 Ku, SMF 333302/1; Me25-
24 Ku, SMF 333344 /1; Me25-37 Kg1, RGM 541 624/ 30,
35 fragments; Me25-37 Ku, SMF 333364/8; Me25-38 Kgl,
SMF 333382/5; Me25-38 Ku, SMF 333396/14; Me25-39
Kgl, SMF 333414/1; Me25-39 Kg2, SMF 333432/1 proto-
conch; Me51/3-562, DCS RGA510/1.

Gravity core T87/2/20G (Eemian), sample 2.47-2.48 m,



RGM 569 095h/1 protoconch; 2.45-2.46 m, RGM 569
100e/1 protoconch; 2.42-2.43 m, RGM 569 119d/2 pro-
toconchs; 2.36-2.37 m, RGM 569 133/3 protoconchs;
2.33-2.34 m, RGM 569 155/4 protoconchs, RGM 569
155a/1 protoconch (Fig. 49E-G); 2.30-2.31 m, RGM 569
181f/5 protoconchs; 2.24-2.25 m, RGM 569 202d /2 pro-
toconchs; 2.21-2.22 m, RGM 569 215/5 protoconchs,
RGM 569215a/1 protoconch (Fig. 49H, I); 2.16-2.17 m,
RGM 569 254k/1 fragment; 2.03-2.04 m, RGM 569
284e/2; 1.97-1.98 m, RGM 569 292i/3.

Gravity core T87/2/20G (Weichselian), sample 1.53-1.54
m, RGM 569 330c/1; 1.43-1.44 m, RGM 569 332g/1;
0.72-0.73 m, RGM 569 347¢/1.

Bologna samples: CJ 72 III-20, RGM 570 413/9 proto-
conchs; CJ 72 III-21, RGM 570 451/4 protoconchs, 10
fragments, RGM 570 966/1 juvenile (Fig. 14A-F); CJ 72
I1-21 (bottom), RGM 570 753 /11 protoconchs; CJ 72 III-
22, MZB (ex RGM 570 649) /19 protoconchs; CJ 72 111-23,
RGM 570 422/9 fragments; CJ 72 III-25 (top), RGM 570
538/7 protoconchs; CJ 72 I1I-27 (centre), RGM 570 698/1
protoconch; CR 20, RGM 570 394/ c. 30 protoconchs; CR
31, RGM 570 474/1, 10 protoconchs, 1 fragment; CR 33,
MZB (ex RGM 569 796)/17 protoconchs; CR 34, RGM
570 677/11 protoconchs; CR 39, RGM 570 619/many
protoconchs, 6 fragments, RGM 570 848/1 (Fig. 21); CR
42, RGM 570 363 /many juveniles; CR 68, RGM 570 727/
many juveniles; CR 70, RGM 570567/1 fragment, 15
protoconchs; J 73-29, RGM 570 434/2 fragments; | 74-9,
RGM 570 503/11, 2 fragments, RGM 570 504/many
protoconchs; J 74-12, RGM 569 826/1, RGM 569 827/16
protoconchs; T74-65-1, RGM 570 952/35 protoconchs;
T74-65-2, RGM 570 894/19 protoconchs; T74-65-10,
RGM 570 865/8 fragments.

Discussion

Van der Spoel (1967: p. 73), and, apparently based on
that reference, the websites Rosenberg (2009), ETI (2011)
and CLEMAM (2011) all considered the taxon Hyalea
tricuspidata Bowdich (1822: pl. 5, fig. 1) (by all four au-
thors incorrectly cited as 1820) as a junior synonym of
Clio cuspidata. This is, however, erroneous, as Bowdich’s
illustration distinctly represents a specimen of a specifi-
cally unidentifiable Cavolinia sp. What Bernard (1955: p.
7) had before him, indicated as Cleodora tricuspidata, has
to remain unknown as a description and/or an illustra-
tion was not given.

Oberwimmer (1898) recorded C. cuspidata from bottom
samples from the eastern Mediterranean and the Adria-
tic, but just a few living specimens, only from the Adria-
tic. Herman (1971a, b; 1981) found this species to be a
common occurrence in postglacial and interstadial sedi-
ments in cores from the Levantine Basin, the Ionian and
central Tyrrhenian seas, as well as from the Algero-Pro-
vengal Sea. She characterized Clio cuspidata as ‘a bathype-
lagic species present in all basins (of the Mediterranean)
at low frequencies, reaching peak abundancies in the cool
Alboran, Liguria and Provengal basins’. Vatova (1974) re-
corded this species from four bottom samples in the lo-
nian Sea, in two of these even as a common species.

Almogi-Labin & Reiss (1977), mentioned specimens
from sediment samples and cores from along the Israe-
lian coast, illustrated details of the embryonic shell,
among which also a detailed picture of the protoconch’s
apical spine, illustrating the same reticulate structure as
found in the present material. Also Kunz (1996: pl. 14,
fig. 4) illustrated this feature nicely. Grecchi & Bertol-
otti (1988) recorded a restricted number of specimens,
predominantly from the warmer intervals of the mid-
dle Pleistocene-Holocene of core GC-18 (32° 32" 83” N
26° 50" 49”7 E). According to Rampal (2011) Clio cuspi-
data occurs rather frequently, especially so in the west-
ern basin.

In gravity core T87/2/20G Clio cuspidata is present in 11
samples of the Eemian interval, but in few specimens
only. During the Weichselian it was found in three sam-
ples (1 specimen each); above sample 0.72-0.73 m the
species disappears completely. In many of the other
bottom samples this species is present, but always in
restricted numbers and because of its extreme fragility
usually as fragments or as isolated protoconchs.

Clio (Bellardiclio) oblonga Rampal, 1996a
(Fig. 15A-F)

Clio oblonga Rampal, 1996a: p. 176, pl. 1A-I; pl. 2Co.

Figs. 14, 15. Clio spp. Fig. 14A-F. Clio (Bellardiclio) cuspidata (Bosc,
1802), lonian Sea, sample CJ72lll-21, RGM 570 966. Fig. 15A-F. Clio
(Bellardiclio) oblonga Rampal, 1996, paratype, Tyrrhenian Sea, RGM 570
965. A. Dorsal views. B. Apertural views. C. Protoconch, dorsal views. D.
Right lateral views. E. Protoconch, right lateral views. F. Ventral views.

Figg. 14, 15. Clio spp. Fig. 14A-F. Clio (Bellardiclio) cuspidata (Bosc,
1802), mar lonio, campione CJ72IlI-21, RGM 570 966. Fig. 15A-F. Clio
(Bellardiclio) oblonga Rampal, 1996, paratipo, Mar Tirreno, RGM 570
965. A. Viste dorsali. B. Viste aperturali. C. Protoconca, viste dorsali. D.
Viste laterali destre. E. Protoconch, viste laterali destre. F. Viste ventrali.
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Description

See Rampal (1996a). This species resembles Clio cuspi-
data closely but differs by a number of characteristics:
the shell of C. cuspidata is regularly curved dorso-ven-
trally, whereas in C. oblonga only the apical part is bent,
in C. oblonga the dorso-ventral diameter is larger than in
C. cuspidata, in C. oblonga the apertural and lateral spines
are reduced (which may partly be a preservation arte-
fact), and in C. oblonga the rather coarse transverse or-
nament is covered with a second order, much finer
transverse striation that is absent in C. cuspidata. Its pro-
toconch reaches slightly larger dimensions (compare
Figs 14 and 15).

Material examined

Three paratypes from the type locality in the Tyrrhenian
Sea (39° 36" 0” N 13° 49’ 3” E, bottom sample), donated
by J. Rampal (June 1996), RGM 396 499/2, RGM 570
965/1 semiadult (Fig. 15A-F).

Bologna samples: T74-55-6, RGM 570 919/1 fragment, 7
protoconchs; T74-65-2, RGM 570 895/2 protoconchs;
T74-65-10, RGM 570 866/1; T74-65-10, RGM 570 867/4
juveniles.

Discussion

As both Clio cuspidata and C. oblonga occur in the type
sample a separation of the two forms seems acceptable.
It remains curious that following its first decription C.
oblonga was never recorded again. Also, it has not been
possible to recognize the species among the abundant
protoconchs and apical fragments found during this
study in other samples. But, as a slight difference in
protoconch measurements was mentioned by Rampal,
a careful morphometric study of many specimens might
reveal the presence of C. oblonga at other places as well.
According to Rampal, it was recorded from post-glacial
sediments, in an assemblage also containing many Dia-
cria trispinosa and Cavolinia uncinata, pointing to a rela-
tively warm period. The occurrence of the last men-
tioned species is interesting, as it has never been record-
ed from any other, obviously fossil bottom sample in
the eastern basin, only ‘subrecent’ specimens were
found once during the present study, in the easternmost
sample (see below).

Few specimens of Clio oblonga were recovered from the
Bologna samples T74-55 and 65, originating from the
Tyrrhenian Sea. In those samples, however, the ‘warm
species’ mentioned by Rampal were absent, whereas
the species Limacina retroversa was abundantly present
in all subsamples yielding C. oblonga. This rather indi-
cates cooler circumstances than suggested by Rampal.

Subgenus Clio s.str.

Clio (Clio) pyramidata Linné, 1767

Note — Although hardly or not recognized previously,
the typification of Clio pyramidata meets with problems.

Linné (1767) based his record of that taxon on a descrip-
tion and illustration in Browne (1756: p. 386, pl. 43, fig.
1) and that drawing shows a specimen of Clio, the regu-
larly triangular shell of which has completely straight
sidelines, agreeing more or less with today’s interpreta-
tion of C. pyramidata s. str. and already interpreted as
such in Tesch (1913) and later authors. Problematic,
however, is the origin of Browne’s specimen, which
must be supposed to be at or near Jamaica in the Carib-
bean, an area where specimens of C. pyramidata with
completely straight sidelines do not occur. All speci-
mens from that area that I have seen invariably belong
to what is nowadays indicated as f. lanceolata, showing
strongly concave sidelines. As Browne’s specimen
reaches a size over 10 mm it does not represent a juve-
nile specimen in which the concavity of the sidelines is
not yet very clear. A possibility could be that the admit-
tedly rather primitive illustration of Browne’s specimen
is erroneous. A solution for this problem might be the
designation of a neotype (syntypes do not exist: van der
Spoel. 1976: p. 190) from the neighbourhoods of Jamai-
ca, which undoubtedly would be a specimen with con-
cave sidelines and consequently f. lanceolata (Lesueur,
1813) would fall into the synonymy of C. pyramidata
s.str. Also, a new name for what is now considered to
be C. pyramidata {. pyramidata would be necessary.
Additionally, the introduction of Hyalea lanceolata by
Lesueur (1813: p. 284, pl. 5, fig. 3A, B) also is not unmis-
takable: the concave sidelines are not mentioned and
the illustrations are so poor in quality that the species is
completely irrecognizable. The fact, however, that
Lesueur’s material was collected in the Mediterranean
(Nice) makes it at least probable that he indeed had a
specimen of f. lanceolata as interpreted nowadays, be-
fore him. Likewise, syntypes are not available anymore.
For now, I prefer to maintain the usual interpretation of
C. pyramidata formae, instead of creating an undesirable
confusion in these frequently cited taxa.

Clio (Clio) pyramidata Linné, 1767 f. lanceolata
(Lesueur, 1813)
(Figs 16A-D, 17A-F, 49]-L)

Hyalea lanceolata Lesueur, 1813: p. 284, pl. 5, fig. 3A, B
(mala).

Cleodora lanceolata — delle Chiaje, 1830: pl. 83, figs 7-8.
Hyalzea pyramidata. Per. [sic] - Cantraine, 1841: p. 30, pl.
1, figs 7, 7a (non fig. 9).

Cleodora lanceolata, Les. — Vérany, 1853: p. 380.

Clio (Clio) pyramidata L. — Oberwimmer, 1898: p. 590.
Euclio pyramidata (Linne) — Menzies, 1958: p. 383, fig. 1a-
c.
Euclio pyramidata Linné — van Straaten, 1966: p. 431.
Clio pyramidata Linnaeus, 1767 forma lanceolata (Lesueur,
1813) — van der Spoel, 1967: p. 68, figs 50-54, 60.

Euclio pyramidata (L.) — Blanc-Vernet et al., 1969: p. 220.
Clio pyramidata Linné — Vergnaud Grazzini & Herman
Rosenberg, 1969: p. 280ff.

Euclio pyramidata (Linné) — Pastouret, 1970: p. 238, pl. 2,
fig. 1; pl. 3, fig. 4.



Figs 16, 17. Clio pyramidata Linné, 1767 f. lanceolata (Lesueur, 1813).
Tyrrhenian Sea, sample T74-65-10, RGM 570 869-870. Fig. 16A-D.
Semiadult specimen. Fig. 17A-F. Juvenile specimen. A. Apertural views.
B. Dorsal views. C. Left lateral views. D. Ventral views. E. Protoconch,
dorsal view. F. Protoconch, left lateral view.

Figs 16, 17. Clio pyramidata Linné, 1767 f. lanceolata (Lesueur, 1813).
Mar Tirreno, campione T74-65-10, RGM 570 869-870. Fig. 16A-D. Es-
emplare sub-adulto. Fig. 17A-F. Esemplare juvenile. A. Viste aperturali.
B. Viste dorsali. C. Viste laterali sinistre. D. Viste ventrali. E. Protoconca,
vista dorsale. F. Protoconca, vista laterale sinistra.

Euclio pyramidata (Linné) — Di Geronimo, 1970: p. 72, pl.
3, fig. 8; pl. 5, fig. 3a, b.

Clio pyramidata L. forma lata Boas 1886 — Colantoni et
al., 1970: p. 180, pl. 24, fig. 13; pl. 25, figs 2a, ¢, 3a, c.
Clio pyramidata Linné — Herman, 1971ap. 614, 618, 619.
Clio pyramidata — Herman, 1971b: p. 475ff.

Euclio pyramidata (Linné) — Froget & Pastouret, 1972: p.
612ff.

Euclio pyramidata (Linnaeus) var. lata Boas — Vatova,
1974: p. 107, 108.

Euclio pyramidata (Linnaeus) var. angusta Boas — Vatova,
1974: p. 107, 108.

Clio pyramidata lanceolata (Lesueur, 1813) — Rampal,
1975: p. 210ff, fig. 57.

Clio pyramidata Linn. 1767 — Nordsieck, 1973: p. 6, fig.
23.

Clio pyramidata (Linne, 1767) forma lanceolata (Lesueur,
1813) - Almogi-Labin & Reiss, 1977: p. 10, pl. 3, figs
1-2.

Clio pyramidata lanceolata — Bé & Gilmer, 1977: p. 766, pl.
7, fig. 21a-c.

Clio pyramidata — Herman, 1981: p. 189.

Clio pyramidata Linneo, 1767 — Grecchi, 1984: p. 16, pl. 1,
fig. 8.

Clio pyramidata L. £. lanceolata Lesueur — Buccheri, 1984:
p- 80, pl. 1, fig. 2a-c.

Clio pyramidata Linnaeus, 1767 forma lanceolata Lesueur,
1813 — Pafort-van lersel, [1985]: p. 21.

Clio pyramidata — Vergneau-Grazzini et al., 1988: p. 8, pl.
3, figs 16, 17.

Clio pyramidata Linneo, 1767 — Grecchi & Bertolotti,
1988: p. 108, pl. 1, fig. 5.

Clio pyramidata (Linné, 1767) — Gofas et al., 2001: p. 200.
Clio pyramidata lanceolata (Lesueur, 1813) — Rampal,
2002: p. 237, figs 12, 13.

Clio pyramidata Linnaeus, 1767 forma lanceolata — Pierrot-
Bults & van der Spoel, 2003: p. 298, fig. 1 (distribution
only).

Clio pyramidata lanceolata Lesueur, 1813 [sic] - WoRMS
website, 2011.

Clio pyramidata Linnaeus, 1767 forma lanceolata
(Lesueur, 1813) — ETI webside, 2011.

Description

See van der Spoel (1967), Bé & Gilmer (1977). Charac-
teristic juvenile and subadult specimens of this very
abundant form are illustrated in Figs 16-17.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 527 /many; Me25-11 Kg1, SMF 332869/10; Me25-12
Kg2, SMF 332878/5; Me25-13 Kgl, SMF 332893/37;
Me25-13 Kg2, SMF 332908/39; Me25-13 Ku, SMF
332914/10; Me25-15 Kg1, SMF 332930/20; Me25-15 Kg2,
SMF 332949/8; Me25-15 Ku, SMF 332966/18; Me25-16
Kgl, SMF 332986/8; Me25-16 Kg2, SMF 333010/26, 12
protoconchs; Me25-17 Kgl, SMF 333036/30; Me25-17
Kg2, SMF 333056/35, 12 protoconchs; Me25-18 Kg2,
SMF 333088/3; Me25-19 Kg1, SMF 333104 /15; Me25-19
Kg2, SMF 333123/15, 24 protoconchs; Me25-20 Kgl,
SMF 333142 /14; Me25-20 Kg2, SMF 333163 /11; Me25-20
Ku, SMF 333184/34; Me25-21 Kgl, SMF 333204/18;
Me25-21 Kg2, SMF 333224/15; Me25-22 Kg2, SMF
333244/25; Me25-22 Ku, SMF 333251/5; Me25-23 Kgl,
SMF 333267/18; Me25-23 Kg2, SMF 333286/15; Me25-
23 Ku, SMF 333303/33; Me25-24 Kgl, SMF 333319/10;
Me25-24 Kg2, SMF 333336/11;, Me25-24 Ku, SMF
333345/2; Me25-25 Kgl, SMF 333347/38; Me25-37 Kgl,
RGM 541 625/1170; Me25-37 Ku, SMF 333365 /46; Me25-
38 Kgl, SMF 333383/26; Me25-38 Ku, SMF 333397/23;
Me25-39 Kgl, SMF 333415/13; Me25-39 Kg2, SMF
333433/22; Me51/3-562, DCS RGA500/7.

Gravity core T87/2/20G, sample 2.81-2.82 m, RGM 569
079g/1 (Saalian).

Gravity core T87/2/20G, sample 2.54-2.55 m, RGM 569
092£/1; 2.49-2.50 m, RGM 569 093f/1 protoconch; 2.47-
2.48 m, RGM 569 095i/1 protoconch; 2.42-2.43 m, RGM
569 119e/28 protoconchs; 2.36-2.37 m, RGM 569 134/87,
RGM 569 134a/1 protoconch (Fig. 49L), RGM 569 134b,
c/2 protoconch (Fig. 49], K); 2.33-2.34 m, RGM 569
165f/59 protoconchs; 2.30-2.31 m, RGM 569 181g/35
protoconchs; 2.24-2.25 m, RGM 569 202e/32 proto-
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conchs; 2.21-2.22 m, RGM 569 225c/23 protoconchs;
2.18-2.19 m, RGM 569 242g/14 protoconchs; 2.16-2.17
m, RGM 569 2541/29 protoconchs; 2.14-2.15 m, RGM
569 266d/6; 2.14-2.15 m, RGM 569 271e/12; 2.03-2.04 m,
RGM 569 284f/13; 1.97-1.98 m, RGM 569 292j/3; 1.91-
1.92 m, RGM 569 300g/8; 1.79-1.80 m, RGM 569 303d/2;
1.72-1.73 m, RGM 569 305g/5; 1.72-1.73 m, RGM 569
313¢/17; 1.68-1.69 m, RGM 569 324c¢/29; 1.65-1.66 m,
RGM 569 326¢/11 (Eemian).

Gravity core T87/2/20G, sample 1.48-1.49 m, RGM 569
331f/1; 1.43-1.44 m, RGM 569 332h/1; 1.33-1.34 m, RGM
569 333g/4; 1.23-1.24 m, RGM 569 334d/1; 1.13-1.14 m,
RGM 569 335¢/1; 1.08-1.09 m, RGM 569 336¢/1; 1.03-
1.04 m, RGM 569 337d/1; 0.93-0.94 m, RGM 569 340d/3;
0.89-0.90 m, RGM 569 341c/2; 0.87-0.88 m, RGM 569
342d/2; 0.84-0.85 m, RGM 569 343b/1; 0.80-0.81 m,
RGM 569 344d/3; 0.77-0.78 m, RGM 569 345¢/2; 0.75-
0.76 m, RGM 569 346d/3; 0.72-0.73 m, RGM 569 347d/2;
0.70-0.71 m, RGM 569 348c/2; 0.65-0.66 m, RGM 569
349¢/2; 0.60-0.61 m, RGM 569 350e/5; 0.55-0.56 m, RGM
569 351c/7; 0.50-0.51 m, RGM 569 352d/15; 0.45-0.46 m,
RGM 569 353¢/10; 0.40-0.41 m, RGM 569 354c/18; 0.35-
0.36 m, RGM 569 355c/5; 0.30-0.31 m, RGM 569 356g/8;
0.25-0.26 m, RGM 569 365e /14 (Weichselian).

Gravity core T87/2/20G, sample 0.22-0.23 m, RGM 569
366h/8; 0.20-0.21 m, RGM 569 367h/3; 0.19-0.20 m,
RGM 569 368f/3; 0.18-0.19 m, RGM 569 369i/6; 0.17-
0.18 m, RGM 569 373i/3; 0.16-0.17 m, RGM 569 374h/3;
0.14-0.15 m, RGM 569 375i/10; 0.12-0.13 m, RGM 569
383£/20; 0.11-0.12 m, RGM 569 389f/3; 0.095-0.105 m,
RGM 569 391f/1 (Holocene).

Bologna samples: C] 72 III-20, RGM 570 414/many pro-
toconchs; CJ 72 11I-21, RGM 570 452 /many; CJ 72 I11-21
(bottom), RGM 570 754/many juveniles; CJ 72 III-22,
MZB (ex RGM 570 650)/6 fragments, MZB (ex RGM
570 651)/many protoconchs; CJ 72 I1I-23, RGM 570 423/
many; CJ 72 III-25 (top), RGM 570 539 /many; CJ 72 III-
27 (centre), RGM 570 699/many protoconchs, some
fragments; CR 20, RGM 570 395/many; CR 31, RGM
570 475/many; CR 33, MZB (ex RGM 569 797)/many;
CR 34, RGM 570 678/many; CR 39, RGM 570 620/
many; CR 42, RGM 570 365/many; CR 68, RGM 570
728 /many juveniles; CR 70, RGM 570 568/many juve-
niles; J73-6, RGM 569 902/20 fragments; ] 73-17, RGM
570 635/15; ] 73-29, RGM 570 435/many; ] 74-9, RGM
570 505/many, RGM 570 506/many protoconchs; J 74-
10, RGM 569 915/30 protoconchs; J 74-12, RGM 569
829/many, RGM 569 830/many (moulds); T74-65-1,
RGM 570 953 /many (mainly juveniles); T74-65-2, RGM
570 896/many (mainly juveniles); T74-65-9, RGM 570
933/6, 6 fragments; T74-65-10, RGM 570 868/many,
RGM 570 869/1 juvenile (Fig. 16A-D), RGM 570 870/1
(Fig. 17A-F).

Discussion

CLEMAM (2011) still considers Clio pyramidata var. con-
vexa Boas, 1886 a synonym of Clio pyramidata, but Clio
convexa was repeatedly accepted as an independant
species (Rampal, 2002; Janssen, 2007a, b; Rosenberg,

2009). Rosenberg (2009) and CLEMAM (2011) list Hy-
alaea lanceolata Lesueur, 1813 as a synonym of C. pyra-
midata. In many papers recording Mediterranean occur-
rences no distinction is made between Clio pyramidata
s.str. and its formae, therefore some of the following ob-
servations of fossil assemblages may refer to f. tyrrhenica
(see below).

In many bottom sample stations analyzed by Oberwim-
mer (1898) from the eastern Mediterranean and the
Adriatic Sea this species was present, but in only four
stations (Ionian Sea and Levantine Basin) living speci-
mens were encountered by him. Herman (1971a, b: p.
618, 619; 1981: p. 193-195) recorded this species from
postglacial and interstadial sediments in the Levantine,
southern Aegean, Ionian and central Tyrrhenian basins,
describing it as ‘a bathypelagic species collected in 2000
m deep tows in the Ionian Sea. It is widespread in all
basins [of the Mediterranean] reaching highest frequen-
cies in the Alboran and Algerian seas’. Vatova (1974)
found this pteropod abundantly in bottom samples
from the Ionian Sea. Grecchi & Bertolotti (1988) record-
ed it in core GC-18 (32° 32" 83” N 26° 50" 49” E), from
almost all samples, covering middle Pleistocene-
Holocene sediments, both in warmer and colder inter-
vals. Many further authors published similar occurren-
ces in the Mediterranean.

Rampal (2011: p. 372) stated for this species ‘very com-
mon in the Mediterranean’, but added, in a footnote
‘Clio pyramidata lanceolata (Lesueur, 1813) est la sous-
espece du groupe pyramidata la plus abondante en Méditer-
ranée’ ['Clio pyramidata lanceolata (Lesueur, 1813) is the
most abundant subspecies of the pyramidata group in
the Mediterranean’]. It would be interesting to hear
which other ‘subspecies’ she observed in the Mediter-
ranean basin!

Clio (Clio) pyramidata Linné, 1767
f. pyramidata Linné, 1767
(Fig. 18A-F)

Clio pyramidata, Linné, 1767: p. 1094.
Clio pyramidata Linnaeus, 1767 forma pyramidata Lin-
naeus, 1767 — van der Spoel, 1967: p. 67, figs 48, 49.

Description

See van der Spoel (1967).

Discussion

In the currently living fauna the nominal form of Clio
pyramidata, as commonly interpreted, is restricted to the
North Atlantic Ocean, obviously preferring colder wa-
ter than the much more common and widely distributed
f. lanceolata, that favors warmer environments, among
which is the Mediterranean, where it is one of the most
abundantly occurring pteropod species.

Some authors, however, claim to have collected speci-
mens of the f. pyramidata in bottom samples or cores
from the Mediterranean (Vergnaud Grazzini & Herman



Rosenberg, 1969; Herman, 1971a, b, 1981; Biekart, 1989).
This is understandable, as ‘cold water assemblages’ in
which the f. pyramidata can be expected are frequently
recorded, usually characterized by the abundant occur-
rence of Limacina retroversa. The records of these au-
thors, however, cannot be checked as they are neither
described, nor illustrated.

Also some samples in the present material yielded spec-
imens that I initially identified as f. pyramidata, in every
case indeed accompanied by common Limacina retro-
versa. On closer look, however, this material differs
clearly and constantly from f. pyramidata. It is described
here as a new forma tyrrhenica in C. pyramidata, see be-
low. The differences with the other formae are given
there. The real f. pyramidata is illustrated in Fig. 18A-F.

0.5 mm

E

Fig. 18. A-F. Clio pyramidata Linné, 1767 f. pyramidata Linné, 1767. N
Atlantic Ocean, E of mid-atlantic ridge, 45°17.7' N 27°50.9" W, JGOFS-
IV expedition, sample T90-5b, top 29 cm of box core, water depth 3069
m, June 13, 1990. RGM 570 858, don. G.J. Brummer. A. Apertural view.
B. Dorsal view. C. Left lateral view. D. Ventral view. E, F. Protoconch,
ventral and left lateral views.

Fig. 18. A-F. Clio pyramidata Linné, 1767 f. pyramidata Linné, 1767.
Oceano Atlantico settentrionale, ad est della dorsale medioatlantica,
45°17,7' N 27°50,9" W, campagna JGOFS-IV, campione T90-5b, 29 cm
superiori del box core, profondita 3069 m, 13 Giugno 1990. RGM 570
858, don. G.J. Brummer. A. Vista aperturale. B. Vista dorsale. C. Vista
laterale sinistra. D. Vista ventrale. E, F. Protoconca, vista ventrale e late-
rale sinistra.

Discussion

Miiller et al. (1975) considered “Euclio pyramidata’, as oc-
curring in core 3MO67 collected S of Crete, to belong to
a group of ‘especes subtropicales tolérantes au froid’, in-
cluding ‘Spiratella inflata’ and Diacria trispinosa in the
same group. Pafort-van Iersel (1985, Statement 1) was
right to criticize this in her PhD. Miiller et al. did not
distinguish between the two formae of C. pyramidata; as
a general conclusion their concept is false indeed. It is
only the f. pyramidata, not the much more common f.
lanceolata, that is indicative for reduced temperatures.

Van der Spoel (1975) and Diester-Haas & van der Spoel
(1978) developed a method to reconstruct seawater pa-
laeotemperatures using measurements of the Clio py-
ramidata protoconch volume. Biekart (1989), following
these initiatives, measured protoconch volumes of Clio
pyramidata and found clearly different mean values (but
with large overlaps) for three pteropod zones distin-
guished by him in core BS 78-12, taken in the Tyrrheni-
an Sea. He related these values to the results obtained
by Diester-Haass & van der Spoel for the North Atlan-
tic, concluding on summer, winter and mean palaeo-
temperatures for the three pteropod zones. He did not,
however, interpret these differences in protoconch mor-
phology to distinguish between the two formae of C.
pyramidata. Also, his specimens might belong to f. fyr-
rhenica, of course.

Clio (Clio) pyramidata Linné, 1767 {. tyrrhenica f. nov.
(Figs 19A-D, 20A-F)

? Clio pyramidata f. pyramidata Linné — Vergnaud Grazzi-
ni & Herman Rosenberg, 1969, p. 280ff.

Tmm

20A

1 mm

0.5 mm

Figs 19, 20. Clio pyramidata L., 1767 forma tyrrhenica f. nov. Tyrrhenian
Sea, sample T74-65-10; 19. RGM 570 872; 20. RGM 570 871. A. Aper-
tural view. B. Dorsal view. C. Left lateral view. D. Ventral view. E, F.
Dorsal and left lateral views of protoconch.

Figs 19, 20. Clio pyramidata L., 1767 forma tyrrhenica f. nov. Mar Tir-
reno, campione T74-65-10; 19. RGM 570 872; 20. RGM 570 871. A.
Vista aperturale. B. Vista dorsale. C. Vista laterale sinistra. D. Vista ven-
trale. E, F. Vista dorsale e laterale sinistra della protoconca.
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? Clio pyramidata f. pyramidata Linné — Herman, 1971a, p.
614, 618, 619.

? Clio pyramidata f. pyramidata — Herman, 1971b, p. 475-
477.

? Clio pyramidata f. pyramidata — Herman, 1981, p. 193-195.

Description

The differences compared to other formae of Clio py-
ramidata are most obvious in juvenile specimens, in
which the apical shell part is clearly curved dorsally,
whereas both in f. pyramidata (Fig. 18) and f. lanceolata
(Figs 16-17) it does not deviate from the shell’s long
axis. The lateral carinae form a wider apical angle than
in f. pyramidata, but they do not diverge as strongly as
in f. lanceolata. Furthermore, the dorso-ventral diameter
is larger than in both other formae. Similar to f. pyrami-
data the protoconch is less slender than it is in f. lanceo-
lata.

The new forma is exclusively found in assemblages also
yielding many specimens of Limacina retroversa, which
indicates a preference for colder water (and presumably
a Weichselian age). In sample T74-65-10 the same form
is also present in a number of limestone fragments, and
the same limestone forms the infill of the Clio specimens
(as well as that of C. oblonga, see below).

In sample T74-55-6 numerous specimens are present
that I include in this form, but not all of them show the
curvature of the apical shell part and the divergence of
the lateral carinae is a bit stronger. Dorso-ventral diam-
eter, apical angle and measurements of the protoconch,
however are identical. Also in that sample abundant
specimens of Limacina retroversa are present, as well as
some apical fragments of Clio oblonga, but interestingly
the same sample yielded numerous specimens of Dia-
cria trispinosa, in well-developed, adult specimens, a
feature indicating a bit ‘less cold” water. In a way these
specimens indicate a transition into f. lanceolata.

This new forma of Clio pyramidata has no formal taxo-
nomic status as infrasubspecific names are not recog-
nized by the ICZN rulings. Still, I prefer not to desig-
nate a subspecies, as supposingly it has a similar value
as the other formae of C. pyramidata, viz. f. lanceolata
and f. pyramidata s.str.

Material examined

Bologna samples: ] 74-19, RGM 570 484 /many; T74-55-
6, RGM 570 920/many, RGM 570 921/many proto-
conchs; T74-65-2, RGM 570 897/7 protoconchs; T74-65-
10, RGM 570 871/1 (Fig. 20A-F), RGM 570 872/1 (Fig.
19A-D), RGM 570 873/12, 2 fragments, RGM 570
874/16.

Malta, MEDITS2007, sample G19-2, RGM 569 576/47
including some transitional forms to f. lanceolata.

Discussion

Vergnaud Grazzini & Herman Rosenberg (1969) and
Herman (1971a, b; 1981) claimed to have recognized the

presence of Clio pyramidata . pyramidata in glacial or last
glacial sections of cores from the southern Aegean, lo-
nian, Tyrrhenian and/or Algero-Provengal seas, as well
as from the Levantine basin. As they did not illustrate
specimens or even describe the differences this remains
to be acknowledged. It seems more likely that actually
specimens of the new form were collected.

Subgenus incertae sedis

Clio (s. lat.) polita Pelseneer, 1888
(Fig. 22A-C)

(Cleodora) Gruppe falcatum Pfeffer, 1880: p. 96, figs 19,
19a, b (non Gould, 1852).

Clio polita (Craven, MS) Pelseneer, 1888: p. 60, pl. 2, figs
4-6.

Euclio polita (Craven M.S.) Pelseneer — Tesch, 1946: pp.
15, 30, pl. 3, fig. 12a-c.

Clio polita (ms. Craven) (Pelseneer, 1888) [sic] — van der
Spoel, 1967: p. 75, figs 67-69.

Clio andreae (Boas, 1886) — van der Spoel, 1976: p. 49
(partim, non Boas, 1886, non fig. 34a, b = Clio andreae).
Clio polita Pelseneer, 1888 — Rosenberg, 2009, Malacolog
website.

Clio polita Pelseneer, 1888 — WoRMS website, 2011.

Clio andreae (Boas, 1886) — ETI website, 2011 (partim,
non Boas).

See for a number of erroneous references of this species
under Genus Clionidarum sp. 1 and sp. 2 below.

Description

See Pelseneer (1888), van der Spoel (1967). The single
juvenile specimen found resembles Clio cuspidata. See
Figs 21 and 22 for a comparison.

21A 22A

N

B C B C

Figs 21, 22. Clio spp. Fig. 21A-C. Clio (Bellardiclio) cuspidata (Bosc,
1802), juvenile, RGM 570 848, sample CR 39, lonian Sea. Fig. 22A-C.
Clio (s. lat.) polita Pelseneer, 1888, juvenile, RGM 570 483, sample J 74-
19, lonian Sea. A. Apertural views. B. Dorsal views. C. Right lateral
views. Bar length is 1 mm.

Figg. 21, 22. Clio spp. Fig. 21A-C. Clio (Bellardiclio) cuspidata (Bosc,
1802), esemplare juvenile, RGM 570 848, campione CR 39, Mar lonio.
Fig. 22A-C. Clio (s. lat.) polita Pelseneer, 1888, esemplare juvenile, RGM
570 483, campione J 74-19, Mar lonio. A. Viste aperturali. B. Viste dor-
sali. C. Viste laterali destre. Scala = 1 mm.



Material examined

Bologna samples: ] 74-19, RGM 570 483/1 (Fig. 22A-C).

Discussion

Van der Spoel (1976: p. 49, figs 34a, b) synonymized the
taxa Clio andreae (Boas, 1886) and C. polita (Pelseneer,
1888), basing his opinion on shell fragments remaining
of the holotype of C. andreae, of which he illustrated
the apical part with protoconch. This point of view is
maintained in van der Spoel et al. (1981: p. 514) and,
not surprising, in the ETI (2011) website. Judging from
the original descriptions and illustrations, however,
there are clear differences, at least in shell morphology
of adult specimens: in C. andreae both dorsal and ven-
tral shell parts are longitudinally and transversally or-
namented, weaker, but basically resembling C. recurva
(Children, 1823), especially clear in Boas’ figures 1, 12
and 92. In C. polita, as described and illustrated by Pel-
seneer (1888: pl. 2, figs 4, 5) and also by van der Spoel
(1967: p. 75, figs 67, 68a, b) ornament (apart from the
lateral carinae) is completely absent and in that species
the dorso-ventral diameter is larger. Van der Spoel en-
dorsed his opinion by stating that several authors
(Munthe, 1888; Pelseneer, 1888; Meisenheimer, 1905,
1906; Pruvot-Fol, 1954, Vayssiere, 1915) ‘described C.
polita under the name C. andreae’, but Munthe and Pel-
seneer did not illustrate the shell and descriptions are
not conclusive. Meisenheimer (1906: p. 107, figs a-c)
and Vayssiere (1915: p. 83, pl. 1, figs 23, 24, as Cleodora
curvata Souleyet) illustrated a specimens with radial
ornament, agreeing with C. andreae. Pruvot-Fol (1954:
p. 118, fig. 33d, e) refers in her text to Clio polita, but
what she illustrated is a distinct C. andreae (and is, curi-
ously, correctly named C. andreae in the explanation of
her fig. 33).

Rosenberg (2009), as well as the WoRMS website, accept
both taxa as valid species, but the ETI (2011) website,
again not surprising, still considers them to be syno-
nyms. Both are not mentioned in the CLEMAM web-
site. In the absence of sufficient material for comparison
I consider it better to keep both taxa separate, as I find
the fragmentary holotype of C. andreae, as illustrated by
van der Spoel, not very convincing. It cannot be exclud-
ed, after all, that they represent extremes of intraspecific
variability. In this respect Clio falcata (Pfeffer, 1880: p. 96,
figs 19, 19a, b; non Gould, 1852) might represent an in-
termediate form. It was described and illustrated as
having a weak indication of longitudinal ornament. Al-
so, because of lacking ornament in Clio polita 1 hesitate
to include that species in the subgenus Balantium, in
which C. andreae, on the contrary, would fit very well
considering its ornamentation. But both in C. polita and
C. andreae the protoconch has a rounded tip, without
apical spine.

This bathypelagic, to the Atlantic Ocean restricted spe-
cies is generally considered to be absent from the Medi-
terranean, ‘due to the shallow inflow of Atlantic waters’
(Biekart, 1989: p. 205). Still, a single specimen in inter-

nal mould preservation was present in one of the Bolo-
gna samples from the Ionian Sea, accompanied by just a
single specimen of Firoloida desmarestia, and many of
Limacina retroversa and Clio pyramidata f. pyramidata,
pointing to an origin from a somewhat cooler time.
Other records of C. polita from the Mediterranean con-
cern the larval shells of Gymnosomata (see below: Ge-
nus Clionidarum sp. 1 and sp. 2).

Family Cavoliniidae J.E. Gray, 1850
Genus Cavolinia Abildgaard, 1791

Type species — Cavolinia natans Abildgaard, 1791 (by
monotypy) = C. tridentata (Forskal, 1775) (Recent).

Cavolinia gibbosa (d'Orbigny, 1834)
and f. gibboides Rampal, 2002
(Figs 23-28)

Synonyms for C. gibbosa s. lat.:

Hyalzea gibbosa, Rang, d’Orbigny, 1834: p. 95 (Rang in-
edit.).

Hyalea gibbosa, Rang — d’Orbigny, 1835: pl. 5, figs 16-20
(Rang inedit.).

Hyaleea flava d’Orbigny, 1834: p. 97.

Hyalea flava, d’Orb. — d’Orbigny, 1835: pl. 5, figs 21-25.
Cavolinia gibbosa Rang var. plana — Meisenheimer, 1905:
p- 33, pl. 1, fig. 2.

Cavolinia gibbosa (ms. Rang) (Orbigny, 1836) — van der
Spoel, 1967: p. 99, figs 97-102 (with extensive synony-
my).

Cavolinia gibbosa — Pastouret, 1970: p. 238.

Cavolinia gibbosa gibbosa — Rampal, [1975], pp. 179ff, fig.
43ME1-4.

Cavolinia gibbosa (d’Orbigny — Bé & Gilmer, 1977: p. 768,
fig. 13; pl. 9, fig. 29a-c.

Cavolinia gibbosa (d’Orbigby, 1835) — Gofas et al., 2001:
p- 200 (partim).

Most probable synonyms for f. gibboides:

Hyaleea gibbosa Rang — Vérany, 1853: p. 380 (Rang in-
edit.).

Cavolinia gibbosa (Rang) — Menzies, 1958: p. 389, fig. 5a-c
(Rang inedit.).

Cavolinia gibbosa (Rang) — van Straaten, 1966: p. 431
(Rang inedit.).

Cavolinia gibbosa (Rang) — Di Geronimo, 1970: p. 88, pl.
3, fig. 23; pl. 7, fig. 5a-c (Rang inedit.)

Cavolinia gibbosa (Rang) — Colantoni et al., 1970: p. 182,
pl. 25, fig. 5a-c (Rang inedit.).

Cavolinia gibbosa (Rang) — Vatova, 1974: p. 109.
Cavolinia gibbosa (MS Rang) (d’Orbigny, 1836) — Almogi-
Labin & Reiss, 1977: p. 7, pl. 1, fig. 1 (partim).

Cavolinia gibbosa (d’Orbigny) — Herman, 1981: p. 178,
tabs. 4, 10-13.

Cavolinia gibbosa gibbosa (ms. Rang, d’Orbigny, 1836). —
Corselli & Grecchi, 1987: p. 88, pl. 1, figs 1-4.

Cavolinia gibboides Rampal, 2002: p. 219, figs 41-O, 22A, B.
Cavolinia gibboides Rampal, 2002 — Rampal, 2011: p. 383,
figs 12, 12"
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23A 24A

f. gibbosa f. flava

25A 26A

5mm

f. plana

f. gibboides

Figs 23-26. Cavolinia gibbosa (d'Orbigny, 1834). Schematical outlines of the various forms based on the original illustrations. Fig. 23. Forma gibbosa
(based on d'Orbigny, 1834: pl. 5, figs 18, 19). Fig. 24. Forma flava (based on d'Orbigny, 1834: pl. 5, figs 23, 24). Fig. 25. Forma plana (based on
Meisenheimer, 1905: pl. 1, fig. 2a, b). Fig. 26. Forma gibboides (based on Rampal, 2002: figs 22A, B). All drawings approximately in the same mag-
nification. 23A-25A. Right lateral views. 26A. Left lateral view. 23B-26B. Dorsal views.

Figs 23-26. Cavolinia gibbosa (d'Orbigny, 1834). Contorni schematici delle varie forme basati sulle illustrazioni originali. Fig. 23. Forma gibbosa
(basata su d'Orbigny, 1834: tav. 5, fig. 18, 19). Fig. 24. Forma flava (basata su d'Orbigny, 1834: tav. 5, fig. 23, 24). Fig. 25. Forma plana (basata su
Meisenheimer, 1905: tav. 1, fig. 2a, b). Fig. 26. Forma gibboides (basata su Rampal, 2002: fig. 22A, B). Tutti i disegni sono approssimativamente allo

stesso ingrandimento. 23A-25A. Viste laterali destre. 26A. Vista laterale sinistra. 23B-26B. Viste dorsali.

Cavolinia gibboides Rampal, 2002 — WoRMS website,
2011.

Description

See van der Spoel (1976), Almogi-Labin & Reiss (1977),
Rampal (2002).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 529/many; Me25-13 Kgl, SMF 332894 /4; Me25-13
Kg2, SMF 332909/1; Me25-15 Kgl, SMF 332931/14;
Me25-15 Kg2, SMF 332950/26;, Me25-15 Ku, SMF
332967/22; Me25-16 Kgl, SMF 332987 /3; Me25-16 Kg2,
SMF 333011/17; Me25-17 Kg1, SMF 333037 /19; Me25-17
Kg2, SMF 333057/8, Me25-18 Kgl, SMF 333073/7;

Me25-18 Kg2, SMF 333089/10; Me25-19 Kgl, SMF
333105/15; Me25-19 Kg2, SMF 333124/18; Me25-20 Kg1,
SMF 333143/4; Me25-20 Kg2, SMF 333164/15; Me25-20
Ku, SMF 333185/18; Me25-21 Kgl, SMF 333205/23;
Me25-21 Kg2, RGM 569 503a/7 (f. flava), RGM 570 852/1
(Fig. 27A, B, £. flava), RGM 569 503b /11, RGM 570 853/1
(Fig. 28A, B); SMF 333225/76; Me25-22 Kg2, SMF
333245/42; Me25-23 Kg1, SMF 333268/13; Me25-23 Kg2,
SMF 333287/37; Me25-23 Ku, SMF 333304/41; Me25-24
Kgl, SMF 333320/10; Me25-24 Kg2, SMF 333337/19;
Me25-24 Ku, SMF 333346/5; Me25-25 Kgl, SMF
333348/1; Me25-37 Kgl, RGM 541 626/52, 14 proto-
conchs, RGM 541 627/4 (in praemetamorphosis stage);
Me25-37 Ku, SMF 333366/42; Me25-38 Kgl, SMF
333384 /21; Me25-38 Ku, SMF 333398/27; Me25-39 Kgl,
SMF 333416/9; Me25-39 Kg2, SMF 333434/2.

Gravity core T87/2/20G: only (very) juvenile, specifi-
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Figs 27, 28. Cavolinia gibbosa (d'Orbigny, 1834), East Mediterranean forms. Fig. 27. Forma flava (d'Orbigny, 1834). Fig. 28. Forma gibboides Rampal,
2002. Both specimens from sample Me25-21 Kg2, RGM 570 852-853. A. Dorsal views. B. Right lateral views. Bar length is 1 mm.

Figs 27, 28. Cavolinia gibbosa (d'Orbigny, 1834), forme del Mediterraneo orientale. Fig. 27. Forma flava (d'Orbigny, 1834). Fig. 28. Forma gibboides
Rampal, 2002. Entrambi dal campione Me25-21 Kg2, RGM 570 852-853. A. Viste dorsali. B. Viste laterali destre. Scala = 1T mm.

cally unidentifiable specimens were found, specified
below as Cavolinia sp.

Bologna samples: CJ 72 III-21, RGM 570 453/11, 7 frag-
ments; CJ 72 III-23, RGM 570 424/3 fragments; CJ 72
I-25 (top), RGM 570 540/1, 1 fragment; CR 39, RGM
570 621/1; CR 42, RGM 570 368/1 fragment; ] 74-9,
RGM 570 507/12; ] 74-12, RGM 569 831/1 (mould).

Discussion

D’Orbigny (1834, see synonyms above) introduced two
related Cavolinia species, i.e. C. gibbosa and C. flava re-
spectively, differing in shell morphology and in colour
of the soft parts. C. gibbosa is recorded as occurring in
the Atlantic Ocean between 40° S and 34° N, whereas C.
flava’s origin is ‘la grand Océan austral’, 30° S et 92° E’ (of
Paris !), which is in the southern Pacific Ocean off Chili.
The main differences between these two taxa as given
in the original descriptions, apart from the colours of
the soft parts (blackish in C. gibbosa and yellow in C. fI-
ava), are the dimensions (H = 7.5 mm for C. gibbosa, H =
11 mm for C. flava), the strong angularity of the ventral
shell part in C. gibbosa, more rounded in C. flava, the
presence of seven longitudinal ribs on the dorsal shell
part in C. gibbosa (but only five indicated in the illustra-
tion!), compared to five in C. flava. Also in C. flava the
dorsal lip is less perpendicular to the shell’s vertical
axis than in C. gibbosa and finally in this latter species
the apical spine is more strongly curved dorsally.

These differences, apart from the number of dorsal ribs,
are clearly represented in the illustrations (see my sche-
matic drawings of these types, Figs 23-24). They seem
to be rather clear, but in a larger material it may fre-
quently be difficult to separate the two taxa. Many au-
thors therefore included both forms under the name of
C. gibbosa and the name C. flava was hardly ever used.
Lectotype and three paralectotypes (loc. type: Atlantic
Ocean) of C. gibbosa are in coll. MHNP, remnants of the
holotype (loc. type as given above) of C. flava are in

NHMUK 1854.12.4.13 (van der Spoel, 1976: p. 195-
196).

Meisenheimer (1905: p. 32, pl. 1, fig. 2a, b) described a
further form (Fig. 25A, B), from the Indian Ocean, as ‘C.
gibbosa var. plana’ with remarkably small dorso-ventral
diameter and fading longitudinal ribs (‘nahezu ginzlich
verschwunden’” = almost completely disappeared) on the
dorsal shell part. Van der Spoel (1967) distinguished
these three taxa as formae in Cavolinia gibbosa: C. gibbosa
f. gibbosa, f. flava and f. plana, doubting the systematic
value of the latter ‘as it may represent and individual
variation’. Some later authors considered these three
taxa as subspecies.

Rampal (2002: p. 215ff), however, confused the situation
around Cavolinia gibbosa and C. flava considerably by
stating ‘Les deux taxons atlantique et sud-atlantique C. g.
flava (d’Orbigny, 1836) et C. g. gibbosa (d'Orbigny, 1836)
ont été décrits sous le méme nom: C. gibbosa (d'Orbigny,
1836)" [The two Atlantic and South Atlantix taxa, C.g.
flava (d’Orbigny, 1836) and C.g. gibbosa (d’Orbigny, 1836)
have been described with the same name: C. gibbosa
(d’Orbigny, 1836)’], forgetting that C. flava originally
was introduced from the S Pacific. This author even re-
valuated the three existing forms as independant spe-
cies, viz. C. flava, C. gibbosa and C. plana, giving distin-
guishing characteristics for a part disagreeing with the
original diagnoses: her drawings of C. flava, for instance,
(tigs 2B, E, G, H) show a more accentuated angularity of
the ventral shell part as what she illustrates as C. gibbosa
(tigs 5B, D), contrary to d’Orbigny’s descriptions. Obvi-
ously she considered, also contrary to d’Orbigny, Cavo-
linia gibbosa to be restricted to the South Atlantic and to
occur also in the western part of the Indian Ocean,
whereas, although introduced from the South Pacific,
she stated C. flava to be distributed all over the Atlantic.
C. plana is distributed, according to Rampal, in the In-
dian and Pacific Oceans.

Then, Rampal (2002: p. 219, figs 41-O, 22A, B) further-
more introduced C. gibboides (Fig. 26A, B) as a species
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new to science from the eastern Mediterranean and
from the Gulf of Aqaba (the latter locality already re-
ferred to in Rampal, 1975: p. 328, as “golfe d'Eylath’), but
in her 2002 paper (p. 221) curiously specified as ‘Golfe
d’Aqaba. Cyprus’. A Gulf of Aqgaba locality is certainly
erroneous, see Janssen (2007a: p. 192). Also Dr Ahuva
Almogi-Labin, first in Corselli & Grecchi (1987: p. 86),
and again (in litt., November 2008) stated about its oc-
currence in the Gulf of Aqaba: “... based on numerous
records that I studied of plankton tows and sediment
samples that I never encountered a cavoliniid that is re-
lated to C. gibbosa’. The locality ‘Cyprus’ sounds much
more acceptable, but it is not situated in the Gulf of
Aqaba. Most probably Biekart’s (1989: p. 214) reference
to this species as occurring in the Red Sea is based on
Rampal (1975).

Rampal gave several drawings and SEM images of C.
gibboides, but without indicating which one is the holo-
type. As the drawings in her paper are rather primitive
I based my outline drawing (Fig. 26A, B) on her SEM
images (Rampal, 2002: p. 251, fig. 22a, b). Distinguish-
ing criteria as maintained by Rampal (2002: p. 215, tab.
3, fig. 4Q) are predominantly uncontrolable morpho-
metric data with in many cases overlapping values. She
considered f. plana to be the most easily distinguished,
not because of its small dorso-ventral dimension, but as
it has only five radial ribs on the dorsal shell part: as a
result of the reduced ornament the ribs tend to fuse or
to disappear. Still, she also found specimens in which
seven ribs are recognizable (Rampal, 2002, fig. 2K).
D’Orbigny (1834) explicitly described the presence of
seven such ribs in C. gibbosa and five in C. flava. For C.
gibbosa Rampal (2002, tab. 3) curiously gives >5 a <7’
As 6 ribs cannot occur, we have to read this probably as
‘5 or 7'. These data on the number of radial ribs there-
fore do not concur with the original descriptions. It
should be stressed here that counting longitudinal ribs
in Cavolinia is hazardous, it is not always clear if the
elongate lateral areas, that may frequently appear a bit
swollen, are included or excluded. It would be much
wiser to accept that all forms of C. gibbosa basicly have
seven ribs, that are sometimes reduced in strength and
therefore cannot be counted accurately.

Many specimens in my E Mediterranean material have
more strongly vaulted ventral shell parts than the shells
illustrated by Rampal (2002). In sample Me 25-21 Kg2
several specimens make the impression of being fossils.
Shells are chalky white and extremely fragile. Many of
them reach larger dimensions (up to H = 9.35 mm) than
the more recent looking specimens with transparent
shells and agree in shape and size with the f. flava. Apart
from size there is little difference with the fresh looking
specimens. As they obviously are older than the fresh
looking shells they probably represent an original more
typical stock of C. gibbosa from which the f. gibboides, if
one really wants to separate it, has evolved. Two speci-
mens showing the diversity in this sample are illustrat-
ed Figs 27A, B and 28A, B.

The above remarks, together with the observation that
many specimens from the eastern Mediterranean stud-

ied for the present paper are larger and usually clearly
stronger vaulted than what was illustrated as C. gib-
boides by Rampal, lead me to the conclusion that van
der Spoel’s solution, recognizing one species, Cavolinia
gibbosa, with various formae connected by intermediate
morphs, is the most practical interpretation. Therefore I
recognize C. gibbosa s.str. (with strongly vaulted ventral
shell part and strongly curved apical spine), C. gibbosa
forma flava (larger, with a less strongly vaulted, more
rounded ventral shell part), C. gibbosa forma plana (with
reduced dorso-ventral diameter and fading dorsal orna-
ment) and f. gibboides (the smaller eastern Mediterrane-
an form). It cannot be excluded of course, that molecu-
lar research will contradict these conclusions eventually,
but in shell morphology all transitional forms are
present.

The living eastern Mediterranean population is consid-
ered to be separated for a great deal from the Atlantic
ones, which would mean that there is only little gene
flow between them. The eastern Mediterranean popula-
tion is considered to be ‘définitivement séparés au moins
du Pliocene’ (Rampal, 2002: p. 221), whereas Corselli &
Grecchi (1987) postulate an introduction from Atlantic
stock into the eastern Mediterranean only about 8/9000
years ago.

Such separation, however, is made less probable by
Cantraine (1841: p. 27, pl. 1, fig. 5), who observed living
specimens of C. gibbosa rather common near Messina,
which is on the boundary between the western and
eastern basins. His description and illustration rather
resemble f. gibbosa: strongly vaulted ventral shell part,
apertural lip perpendicular to the shell’s axis. Their
size, however, (given as 4%’ = 10.7 mm? in Wikipedia,
2010) sounds more like f. flava. Anyway, as these speci-
mens differ considerably from f. gibboides, Cantraine’s
observation disagrees strongly with Rampal’s statement
that “Les rares spécimens récoltées dans le détroit de Messine
et dans la mer sud-Tyrrhénienne ont valeur d’indicateur
d’eau orientale profonde sortant du bassin oriental’ [the few
specimens collected in the strait of Messina and the
southern Tyrrhenian Sea indicate deep oriental water
run off from the oriental basin’]. It rather seems to be
vice versa, namely that the Atlantic form penetrates far
into the Mediterranean, but only rarely reaches the east-
ern basin. Rampal (2011: p. 373), however, in a dichoto-
mous identification table, mentioned Cavolinia flava only
as very rare from the Alboran Sea, and C. gibboides only
as abundant from the eastern Mediterranean. The only
differenciating character given in her identification ta-
ble between these two taxa, by the way, is the difference
in size.

If a genetical separation indeed exists, or if a gene
flow between the western and eastern Mediterranean
populations is very restricted, the isolation may have
led to a small form (H less than c. 6 mm) because of
isolation and resulting endogamy, resembling forma
flava in shape by its somewhat less strongly vaulted
ventral shell part. The decision, however, if the actu-
ally living, local form has to be considered an inde-
pendant species nowadays can only be demonstrated



by molecular techniques and therefore I treat gibboides
likewise, and at least for the time being, as a forma of
C. gibbosa.

Rosenberg (2009, Malacolog website) lists three of the
four taxa as independant species, but omitted f. gib-
boides (as out of area?). The WoRMS website accepts Ca-
volinia gibbosa, C. flava, C. gibboides and C. plana as valid
species. The ETI website recognizes C. gibbosa £. gibbosa,
curiously considered by them to be distributed in the
Indian and Pacific Oceans, f. plana, occurring in the In-
do-Pacific, and f{. flava, of which no geographic distribu-
tion is mentioned. Concerning the f. plana they make an
interesting remark: ‘It is doubtful if really full grown
specimens are found in this form, probably only juve-
niles are concerned.” Indeed, it cannot be excluded that
this form is based on specimens with as yet incomplete
shell metamorphosis. ETI, by the way, erroneously in-
cludes several Cavolinia species in the Limacinidae. The
CLEMAM website lists the names flava, plana and gib-
boides as synonyms of C. gibbosa.

Most of the following records just mention Cavolinia
gibbosa, without a possibility to identify the forma.
Vérany (1853) reported C. gibbosa as very rare from the
sea near Nice. Oberwimmer (1898) caught this species
alive at various stations in the eastern Mediterranean,
and found it in bottom samples, also from the Adriatic
Sea. Menzies (1958) recorded this species as ranking
7-8th in abundance, in both the central and eastern
Mediterranean but did not find it in the western part.
Herman (1981) considered this species to be a warm,
subsurface water indicator, rare in the western basins,
becoming increasingly more abundant east of the Strait
of Sicily, and reaching peak abundances in the Aegean
Sea. She recorded the species in low numbers from cen-
tral Levantine, southern Aegean, Ionian and central
Tyrrhenian cores, all from postglacial sediments. The
species was absent in her cores from the Algero-Prov-
encal Sea cores. This species was found to be common
in two of four bottom samples from the Ionian Sea, and
rare in the other two, by Vatova (1974). Almogi-Labin
& Reiss (1977) recorded a single specimen from sedi-
ments or cores along the Israelian coast. Corselli &
Grecchi (1990: p. 96) refer to a record of Cavolinia globu-
losa from the Mediterranean, considering it a probable
misidentification of C. gibbosa. They also refer to occur-
rences of ‘Cavolinia gibbosa flava’ in the western Medi-
terranean, explaining these by introduction from the
Atlantic by currents. Rampal (2011) referred to Cavo-
linia gibboides as common in the eastern basin and men-
tioned C. flava as occurring very rarely in the Alboran
Sea.

Cavolinia inflexa (Lesueur, 1813)

Hyalzea inflexa Lesueur, 1813: p. 285, pl. 5, fig. 4A-D.

f. imitans (Pfeffer, 1880)
(Figs 29A, B, 30A, B)

Hyalea vaginellina Cantraine, 1835: p. 380.

Hyalzea vaginellina — Cantraine, 1841: p. 28, figs 6, 6a.
Hyalea Vaginella [sic]-Contrain [sic] — Benoit, 1843: p. 4,
pl. 1, fig. 4a-c.

Hyalcea inflexa, Lesueur — Vérany, 1853: p. 380.

*(Hyalea) Form A. imitans Pfeffer, 1880: p. 90, fig. 9a.
Hyaleea inflexa Les. var. longa — Boas, 1886: p. 123, 212, pl.
6, figs 98d-f (partim, non figs 98a-c = C. inflexa f. in-
flexa).

Cavolinia inflexa var. longa (Rang) — Menzies, 1958: p.
390, fig. 6a-c.

Cavolinia inflexa (Lesueur) — van Straaten, 1966: p. 431.
Cavolinia inflexa (Lesueur, 1813) forma imitans (Pfeffer,
1880) — van der Spoel, 1967: p. 103, fig. 103a-c.
Cavolinia inflexa (Lesueur) — Blanc-Vernet et al., 1969: p.
220.

Cavolinia inflexa (Lesueur) — Pastouret, 1970: p. 238, pl.
2, fig. 3; pl. 3, fig. 1?

Cavolinia inflexa (Lesueur) — Di Geronimo, 1970: p. 91,
pl. 3, fig. 5; plo. 7, figs la-c, 2a-c.

Cavolinia inflexa (Lesueur) var. longa Boas — Colantoni et
al., 1970: p. 183, pl. 26, fig. 3a-c.

Cavolinia inflexa (Lesueur) — Herman, 1971a: p. 614.
Cavolinia inflexa — Herman, 1971b: p. 475ff.

Cavolinia inflexa f. longa — Herman, 1971b: p. 476.
Gavolinia [sic] inflexa (Lesueur) — Froget & Pastouret,
1972: p. 612ff.

Cavolinia inflexa (Lesueur) var. lata Boas — Vatova, 1974:
p- 109.

Cavolinia inflexa imitans — Rampal, [1975]: p. 147ff, figs
34, 35al-a4, 36

Cavolinia inflexa — Herman, 1981: p. 178, tabs. 4, 10-14
Cavolinia inflexa (Lesueur, 1813) — Grecchi, 1984: p. 18,
pl. 1, fig. 13.

Cavolinia inflexa (Lesueur, 1813) — Corselli & Grecchi,
1987: p. 90, pl. 1, figs 5-6.

Cavolinia inflexa (Lesueur, 1813) — Grecchi & Bertolotti,
1988: p. 113, pl. 2, figs 1, 2.

Cavolinia inflexa subspecies imitans — Violanti et al., 1991:
p. 24ff.

Cavolinia inflexa (Lesueur, 1813) — Gofas et al., 2001: p.
200 (partim).

Cavolinia inflexa imitans — Rampal, 2002: p. 225, figs 6,
7L, 8.
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Figs 29, 30. Cavolinia inflexa (Lesueur, 1813) f. imitans (Pfeffer, 1880);
sample Me25-37 Kg 1, RGM 569 484-485. A. Dorsal views. B. Right
lateral views. Bar length is 1 mm.

Figg. 29, 30. Cavolinia inflexa (Lesueur, 1813) f. imitans (Pfeffer, 1880);
campione Me25-37 Kg 1, RGM 569 484-485. A. Viste dorsali. B. Viste
laterali destre. Scala = 1 mm.
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Cavolinia inflexa (Lesueur, 1813) — Rosenberg, 2009, Ma-
lacolog website (partim).

Cavolinia inflexa imitans (Pfeffer, 1880) — ETI website,
2011.

Cavolinia inflexa imitans (Pfeffer, 1880) — WoRMS web-
site, 2011.

Cavolinia inflexa (Lesueur 1813: Hyalaea) - CLEMAM
website, 2011 (partim).

Description

See Menzies (1958). In van der Spoel’s (1967: p. 103, figs
103a-c) description of this form two incomprehensible
statements occur. First, he described the upper aperture
lip as ‘sharply pointed’, which rather is a characteristic
valid for the f. labiata (see below) and in contradiction
with his illustrations showing a rounded/truncated ap-
ertural lip. Second, he stated: ‘most characteristic is the
incision separating off the upper lip’. I fail to find such
an incision and it is not indicated in his illustrations of
f. imitans.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 530/11, 6 protoconchs; Me25-11 Kg1, SMF 332870/4;
Me25-12 Kg2, SMF 332879/4; Me25-13 Kgl, SMF
332895/21; Me25-13 Kg2, SMF 332910/21; Me25-15 Kg1,
SMF 332932/37; Me25-15 Kg2, RGM 569 487/15; SMF
332951/34, Me25-15 Ku, SMF 332968/19; Me25-16 Kg1,
SMF 332988/10; Me25-16 Kg2, SMF 333012/31; Me25-
17 Kg1, SMF 333038/25; Me25-17 Kg2, SMF 333058 /24;
Me25-18 Kg2, SMF 333090/5; Me25-19 Kgl, SMF
333106/12; Me25-19 Kg2, SMF 333125/9; Me25-20 Kg1,
SMF 333144/23; Me25-20 Kg2, SMF 333165/60; Me25-
20 Ku, SMF 333186/20, 9 protoconchs; Me25-21 Kgl,
SMF 333206/21; Me25-21 Kg2, SMF 333226/61; Me25-
22 Kg2, SMF 333246/78; Me25-23 Kgl, SMF 333269/9;
Me25-23 Kg2, SMF 333288/12; Me25-23 Ku, SMF
333305/10; Me25-24 Kg1, SMF 333321/2; Me25-24 Kg2,
SMF 333338/4; Me25-25 Kgl, SMF 333349/2; Me25-37
Kgl, RGM 541 628/5, RGM 569 483/1, RGM 569 484-
485/2 (Figs 29-30); Me25-37 Ku, SMF 333367 /6; Me25-
38 Kgl, SMF 333385/7, Me25-38 Ku, SMF 333399/13;
Me25-39 Kgl, SMF 333417/13; Me25-39 Kg2, SMF
333435/12; Me51/3-562, DCS RGA501/8.

Gravity core T87/2/20G: only (very) juvenile, specifical-
ly unidentifiable specimens were found, specified be-
low as Cavolinia sp.

Bologna samples: CJ 72 I1I-21, RGM 570 454/many; CJ
72 111-23, RGM 570 425/15; CJ 72 III-25 (top), RGM 570
541/2; CR 20, RGM 570 396/3; CR 31, RGM 570 476/3;
CR 39, RGM 570 622/3; CR 42, RGM 570 366/6, 4 frag-
ments; CR 68, RGM 570 729/1, 5 fragments; ] 73-17,
RGM 570 636/1; ] 73-29, RGM 570 436/5; ] 74-9, RGM
570 508/many; J 74-12, RGM 569 832/6; T74-65-1, RGM
570 954/2, 10 fragments; T74-65-2, RGM 570 898 /2 frag-
ments; T74-65-9, RGM 570 934/1, 3 fragments; T74-65-
10, RGM 570 875/many.

Discussion

Cavolinia inflexa is a common pteropod species with an
almost worldwide distribution (van der Spoel, 1967, fig.
360), in which during the last decennia, apart from the
typical form, two formae (or subspecies) used to be rec-
ognized, viz. f. imitans Pfeffer, 1880 and f. labiata
(d’Orbigny, 1834). Most important distinguishing charac-
teristics of these formae are the development of the lat-
eral spines, the relative dimensions of the apical shell
part below the level of the lateral spines, compared to the
apertural part above the spines, and the shape of the dor-
sal apertural lip (van der Spoel, 1967, pp. 90, 101-103).
In Cavolinia inflexa f. inflexa and f. imitans the apertural
lip is rounded. In f. inflexa the apical part below the
spines is longer than the apertural part. In f. imitans and
f. labiata it is shorter and in the latter form the dorsal
apertural lip is pointed instead of rounded. In the Med-
iterranean, acknowledged by the present samples, only
f. imitans is present, but demonstrating a considerable
variability in the development of the lateral spines (Figs
29-30).

Boas (1886), and also van der Spoel (1967), considered
the various formae recognized within C. inflexa as a
gradually changing series. Van der Spoel & Pierrot-
Bults (1998) executed a morphometric study based on
45 samples from all over the world’s oceans. They con-
cluded: ‘Cavolinia inflexa (Lesueur, 1813) proves not to
be composed of subspecies or formae, or to show clinal
variation. ... There is no valid ground for the subdivi-
sion of the species into different taxa’. Quite on the con-
trary, however, Rampal (2002), also on the basis of mor-
phometric data, concluded differently. She accepts not
only the existence of two subspecies in C. inflexa, viz. C.
inflexa inflexa and C. inflexa imitans, but even considers
C. labiata to represent an independant species, in which
she also includes a new subspecies, C. labiata robusta
Rampal, 2002, based on some ‘fossil’ species from a bot-
tom sample taken near the island of Réunion in the In-
dian Ocean. Furthermore, she introduced another two
‘fossil’ species, related to C. inflexa, ie. C. longicosta
Rampal, 2002 and C. pachysoma Rampal, 2002, both from
a core in the Mediterranean, with a supposed age of
less than 2 ka.

A distinction of two subspecies in Recent C. inflexa is
inadmissable, not only as the differences are very small
and subject to variability, but especially because their
geographical distributions overlap considerably, as is
clear from van der Spoel’s (1967) distribution map. As
far as C. labiata is concerned, the differences from C. in-
flexa as given by Rampal (2002) seem to be more con-
vincing, but with currently no material for comparison
available I am unable to agree or disagree. The narrow
rib on the dorsal shell part as well as the pointed, trian-
gular outline of the dorsal apertural lip might be good
characteristics, but in this case too there is overlap in
the distributions, and it should be made certain that no
intermediates occur.

The taxon Hyalea vaginellina Cantraine (1835: p. 380;
more extensively described and illustrated in Cantraine,



1841: p. 28, pl. 1, fig. 6, 6a) was considered by Tesch
(1913: p. 52), van der Spoel (1967: p. 101-102) and the
ETI website to be a synonym of Cavolinia inflexa (£.) infl-
exa. Cantraine’s illustration shows a specimen of which
the apical part below the spines is not clearly higher
than the shell part above the spines and his material
originated from near Messina in the Mediterranean,
meaning that it represents an earlier name for C. inflexa
f. imitans, and not, as supposed by the mentioned au-
thors, of the f. inflexa. As in the case of Limacina retro-
versa, above, I make the following statements:

1. Of the names Hyalea vaginellina Cantraine, 1835 and
Hyalea imitans Pfeffer, 1880 the latter is valid by prevail-
ing usage;

2. The name Hyalea vaginellina has not been in use after
1899 (van der Spoel, 1967, pp. 101-102) (ICZN 23.9.1.1);
3. The name Hyalea imitans Pfeffer, 1880, frequently in
combination with the genus Cavolinia, has been used in
more than 25 papers, published by more then 10 au-
thors during the immediate preceding 50 years, encom-
passing a span of more than 10 years (ICZN 23.9.1.2).
4. These statements make the taxon Hyalea vaginellina to
a nomen oblitum, and the name Hyalea imitans to a nomen
protectum.

Herman (1971a) mentioned Cavolinia inflexa from post-
glacial sediments in the Levantine Basin and in 1971b, as
C. inflexa £. longa, from similar intervals in the Ionian Sea.
Herman (1981) interpreted this species as a temperate
water species with a wide depth range distribution,
abundant in the western basis, reaching peak abundanc-
es in the Ligurian and Provengal basins, decreasing in
abundance in the Tyrrhenian and Adriatic, and even be-
ing rare in the Ionian and Levantine basins. She recorded
the species in low numbers from postglacial parts of
cores in the central Levantine, southern Aegean, Ionian,
central Tyrrhenian and Algero-Provengcal seas. Many fur-
ther authors also recorded this species dead or alive from
the Mediterranean (see the list of synonyms above).

In the gravity core and in many of the bottom samples
juvenile Cavolinia specimens were found, that I consider
specifically unidentifiable, but it is evident that most of
these belong to the present species. Such juvenile speci-
mens are specified below as Cavolinia sp.

Cavolinia tridentata (Forskal, 1775)
(Fig. 31A, B)

Anomia tridentata Forskal, 1775: p. 124.

Anomia tridentata — Forskal, 1776: p. 13, pl. 40, figs B, B1,
B2.

Hyalea tridentata — delle Chiaje, 1830: pl. 80, fig. 1.
Hyalzea tridentata. Lam. — Cantraine, 1841: p. 26, figs 5a-
d n (non Lamarck).

Hyalcea tridentata, Lam. — Vérany, 1853: p. 379 (non
Lamarck).

Cavolinia tridentata Vér. - Oberwimmer, 1898: p. 591 (non
Vérany).

Cavolinia tridentata Forskal - Steuer, 1911: p. 721, 722,
figs 5-7.

Cavolinia tridentata (Forsk.) — Tesch, 1913: p. 49, fig. 44A, B.
Cavolinia tridentata Forskal — van Straaten, 1966: p. 431.
Cavolinia tridentata (ms. Forskal) (Niebuhr, 1775) forma
tridentata (ms. Forskal) (Niebuhr, 1775) — van der Spoel,
1967: p. 94, figs 89, 90 (with extensive synonymy).
Cavolinia tridentata — Pastouret, 1970: p. 238.

Cavolinia tridentata (Forskal) — Di Geronimo, 1970: p. 86,
pl. 6, figs la-c, 2a-c, 3a-c (non pl. 3, fig. 1 (= Cavolinia sp.
indet.).

Cavolinia tridentata (Forsk.) — Colantoni et al., 1970: p.
183, pl. 25, fig. 6a-c.

Cavolinia tridentata (Forskal) — Herman, 1971a: p. 614.
Cavolinia tridentata — Herman, 1971b: p. 475ff.

Cavolinia tridentata (Forskal) — Froget & Pastouret, 1972:
p. 612ff.

Cavolinia tridentata — Vatova, 1974: p. 109.

Cavolinia tridentata — Rampal, [1975]: p. 198, figs 52.
Cavolinia tridentata (Niebuhr). - Bé & Gilmer, 1977: p.
784, fig. 27; pl. 8, fig. 26a-d.

Cavolinia tridentata (Forskal) - Herman, 1981: p. 178.
Cavolinia tridentata (ms. Forskal) (Niebuhr, 1775) — Grec-
chi, 1984: p. 17, pl. 1, fig. 9.

Cavolinia tridentata (Forskal) — Gofas et al., 2001: p. 200.
Cavolinia tridentata (Forsskal, 1775) — Rosenberg, 2009,
Malacolog website.

Cavolinia tridentata (Forskédl, 1775)-WoRMS website,
2011.

Cavolinia tridentata (Forskal 1775: Anomia)- CLEMAM
website, 2011.

Cavolinia tridentata tridentata — ETI website, 2011.

Description

See van der Spoel (1967), Bé & Gilmer (1977). This is a
large cavoliniid (exceptionally even up to 20 mm), orig-
inally described (Forskal, in Niebuhr, 1775) from the
Mediterranean, easily distinguished by its size and
brownish colour, making even smaller fragments recog-
nizable. Contrary to other Cavolinia species its larval
shell is hardly or not curved in dorsal direction. By its
considerable size more or less complete specimens are
only found in larger bottom samples.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 531/many fragments; Me25-13 Ku, SMF 332915/1;
Me25-15 Kg2, SMF 332952/1;, Me25-15 Ku, SMF
332969/3; M26-16 Kg2, RGM 569 491/1, RGM 570 851/1
(Fig. 31A, B), SMF 333013/6; Me25-16 Ku, SMF
333020/7; Me25-17 Kgl, SMF 333039/6; Me25-19 Kgl,
SMF 333107/2; Me25-19 Kg2, SMF 333126/6; Me25-20
Kgl, SMF 333145/1; Me25-20 Ku, SMF 333187/1; Me25-
21 Kgl, SMF 333207/3; Me25-22 Kg2, SMF 333247/2;
Me25-23 Ku, SMF 333306/4; Me25-37 Kgl, RGM 541
629/1 fragment; Me25-37 Ku, SMF 333368/7; Me25-38
Kgl, SMF 333386/1; Me25-38 Ku, RGM 569 506/2, SMF
333400/9.

Bologna samples: CJ 72 III-21, RGM 570 455/35 frag-
ments; CR 31, RGM 570 477/2 fragments; ] 73-17, RGM
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570 637/2; ] 73-29, RGM 570 437/5 fragments; ] 74-9,
RGM 570 509/2 fragments; J 74-12, RGM 569 834/5
fragments; T74-65-1, RGM 570 955/ fragments of 1 spec-
imen; T74-65-2, RGM 570 899/3 fragments; T74-65-9,
RGM 570 935/3 fragments; T74-65-10, RGM 570 876/
many fragments.

Discussion

Cavolinia tridentata has been referred to in literature
with quite a number of synonyms (see van der Spoel,
1967). Tesch (1913: p. 49ff) distinguished three subspe-
cies, namely C. tridentata tridentata, C. t. affinis (d’Orbigny,
1836) and C. t. kraussi Tesch, 1913. Van der Spoel (1974)
discussed infraspecific variability and geographical dis-
tribution, distinguishing nine formae, five (not four, as
said in the abstract) of which were introduced as new.
In the Mediterranean only f. tridentata is present. Rosen-
berg (2009) lists all nine forma names as synonyms of C.
tridentata, whereas ETI (2011) considers all of them to be
subspecies. The CLEMAM website lists some as syno-
nyms, some as subspecies, but the five formae intro-
duced by van der Spoel (1974) as ‘variety’. The species
is recorded, dead and alive, from the Mediterranean by
many authors (see synonyms).

Cavolinia uncinata (d’Orbigny, 1834)
(Fig. 32A, B)

Hlyalea] uncinata — Rang, 1829: p. 114 (nomen nudum).
Hyaleea uncinata, Rang, d’Orbigny, 1834: p. 93.

Hyalea uncinata, Rang — d’Orbigny, 1835: pl. 5, figs 11-
15.

Cavolinia uncinata (Rang, 1829) — van der Spoel, 1967: p.
97, figs 91, 92 (with extensive synonymy).

Cavolinia uncinata (Rang) — Herman, 1971a: p. 614.
Cavolinia uncinata — Herman, 1971b: p. 475ff.

Cavolinua uncinata (Rang) - Bé & Gilmer, 1977: p. 770,
fig. 17; pl. 9, fig. 30a-c.

Cavolinia uncinata (Rang, 1829) — Rampal, 1979: p. 149,
fig. lel.

Cavolinia uncinata — Corselli & Grecchi, 1990: p. 96.

/

31A

Figs 31, 32. Cavolinia spp. Fig. 31A, B. Cavolinia tridentata (Forskal,
1775); sample Me 25-16 Kg2, RGM 570 851. Fig. 32A, B. C. uncinata
(Rang, 1829); sample Me25-25 Kg1, RGM 569 505. A. Dorsal views. B.
Right lateral views. Bar length is 1T mm.

B

Figs 31, 32. Cavolinia spp. Fig. 31A, B. Cavolinia tridentata (Forskal,
1775); campione Me 25-16 Kg2, RGM 570 851. Fig. 32A, B. C. unci-
nata (Rang, 1829); campione Me25-25 Kg1, RGM 569 505. A. Viste
dorsali. B. Viste laterali destre. Scala = 1T mm.

Cavolinia uncinata (Rang, 1829) — Gofas et al., 2001: p.
200.

Cavolinia uncinata (Rang, 1829) — Rosenberg, 2009, Ma-
lacolog website.

Cavolinia uncinata (Rang in d’Orbigny, 1836) — WoRMS
website, 2011.

Cavolinia uncinata (d’Orbigny 1834: Hyalaea) - CLEMAM
website, 2011.

Cavolinia uncinata uncinata uncinata — ETI website, 2011.

Description

See Tesch (1913), Bé & Gilmer (1977). Basicly resembling
Cavolinia tridentata, but remaining considerably smaller,
with a more convex ventral shell part, a strongly curved
caudal spine and a dorsal apertural lip perpendicular to
the shell’s axis.

Material examined

Box core and beam trawl samples: Me25-25 Kgl, RGM
569 505/1 (Fig. 32A, B), SMF 333350/1, 5 fragments.

Discussion

See Janssen (2007a) for the correct author of this taxon.
Rosenberg (2009) still maintains Rang (1829) as the au-
thor, following earlier authors. Van der Spoel (1969,
1971) subdivided Cavolinia uncinata into two subspecies
each with two formae. See Janssen (2007a) for a discus-
sion. Rosenberg (2009) lists the van der Spoel (1969)
names as synonyms, but does not mention the names
introduced in 1971. The ETI (2011) website records all
names either as formae or as ‘subsubspecies’ (e.g. as
‘Cavolinia uncinata pulsatapusilla pulsatoides”). CLEMAM
(2011) considers these infraspecific names as (dubious?)
synonyms, with which I fully agree.

Cavolinia uncinata is rarely caught alive (Rampal, 1975,
2011) from the western part of the basin. Herman
(1971a, b; 1981) recorded this species (in subordinate
numbers) from postglacial sediments in the Levantine
Basin (but no description or illustration is given). She
characterized this species as ‘Very rare in the Mediter-
ranean Sea, collected in plankton tows, this species is
a good Atlantic water indicator present along the
North African coast and in the southern Tyrrhenian
Sea’. Corselli & Grecchi (1990) refer to some records of
the species in the Mediterranean in Rampal (1975) and
conclude that incidental occurrences in the extreme
western Mediterranean (Strait of Gibraltar) might be
explained by transportation through Atlantic currents.
It was found, however, to be ‘trés abondant’ [very com-
mon’] (Rampal, 1979) in post-glacial sediments in the
southern Tyrrhenian Sea, in an assemblage with abun-
dant Diacria trispinosa, apparently demonstrating rath-
er warm circumstances. The species, however, is ab-
sent from the Tyrrhenian Sea samples analyzed for this
paper.

The presence of apparently Recent, or at least very fresh
specimens, hardly ever recorded from the eastern Med-



iterranean is surprising. They were found in just one
sample, Me25-25, which is the sample closest to the Su-
ez Canal. Cavolinia uncinata is a common species in the
northern part of the Red Sea (Singer, 1994; Janssen,
2007a) and most probably we are dealing with the first
lessepsian pteropod species ever (Godeaux & Toule-
mont, 1990; Janssen & Peijnenburg, in press).

Cavolinia sp.
(Fig. 50A-D)

Description

Curved apical spines of Cavolinia species occur abun-
dantly in many samples. They are specifically unidenti-
fiable. In most cases they may be supposed to belong to
the frequently occurring Cavolinia inflexa f. imitans (see
above), some may also belong to C. gibbosa. Similar
specimens were described and illustrated by Almogi-
Labin & Reiss (1977: p. 7, pl. 1, fig. 1), Buccheri & di
Stefano (1980: p. 182, pl. 1, fig. 5) and Buccheri (1984: p.
80, pl. 1, fig. 6a, b). Straight apical spines of C. tridentata
are easily recognized, the few apical fragments found
are referred to above under that species.

Material examined (all protoconchs)

Gravity core T87/2/20G, sample 2.81-2.82 m, RGM 569
079h/3 (Saalian).

Gravity core T87/2/20G, sample 2.785-2.795 m, RGM
569 085e/6; 2.73-2.74 m, RGM 569 086h/4; Gravity core
T87/2/20G, 2.59-2.60 m, RGM 569 091h/2; 2.54-2.55 m,
RGM 569 092g/1; 2.47-2.48 m, RGM 569 095j/3 proto-
conchs; 2.45-2.46 m, RGM 569 100f/3 protoconchs; 2.42-
2.43 m, RGM 569 119f/22; 2.36-2.37 m, RGM 569 135/30,
RGM 569 135a/1 protoconch (Fig. 50A, B), RGM 569
135b/1 protoconch (Fig. 50C, D); 2.33-2.34 m, RGM 569
165g/19; 2.30-2.31 m, RGM 569 181h/6; 2.24-2.25 m,
RGM 569 202f/4; 2.21-2.22 m, RGM 569 225d/8; 2.16-
2.17 m, RGM 569 254m/9; 2.14-2.15 m, RGM 569 266e/4;
2.14-2.15 m, RGM 569 271f/1; 2.03-2.04 m, RGM 569
284¢g/3; 1.97-198 m, RGM 569 292k/8; 1.91-1.92 m,
RGM 569 300h/4; 1.72-1.73 m, RGM 569 305h/3; 1.72-
1.73 m, RGM 569 313d/8; 1.68-1.69 m, RGM 569 324d/11;
1.65-1.66 m, RGM 569 326d/2; 1.61-1.62 m, RGM 569
327d/1 (Eemian).

Gravity core T87/2/20G, sample 1.53-1.54 m, RGM 569
330e/2; 1.48-1.49 m, RGM 569 331g/4 (Weichselian).
Gravity core T87/2/20G, sample 0.19-0.20 m, RGM 569
368g/1; 0.17-0.18 m, RGM 569 373j/7; 0.16-0.17 m, RGM
569 374i/3; 0.14-0.15 m, RGM 569 375j/22; 0.12-0.13 m,
RGM 569 383g/28; 0.11-0.12 m, RGM 569 389g/12;
0.095-0.105 m, RGM 569 391g/2; 0.05-0.06 m, RGM 569
407e/20 (Holocene).

Bologna samples: CJ 72 11I-20, RGM 570 415/5; C] 72
I1II-21 (bottom), RGM 570 755/8; CJ 72 11I-22, RGM 570
659/14; CJ 72 11I-25 (top), RGM 570 542/many; CJ 72
IMI-27 (centre), RGM 570 700/7; CR 20, RGM 570 397/
many; CR 31, RGM 570 478/23; CR 33, MZB (ex RGM
569 798)/16;, CR 34, RGM 570 679/c. 30; CR 39, RGM

570 623 /many; CR 42, RGM 570 367/c. 45; CR 68, RGM
570 730/many; CR 70, RGM 570 569/21; ] 73-29, RGM
570 438/17; J 749, RGM 570 510/many, RGM 570
511/32 (in premetamorphosis stage); ] 74-10, RGM 569
916/9; ] 74-12, RGM 569 833/c. 50; T74-65-1, RGM 570
956/many; T74-65-2, RGM 570 900/18.

Discussion

Among the material recorded by Almogi-Labin & Reiss
(1977), from sediment samples and cores along the coast
of Israel, just a single adult specimen of Cavolinia gibbosa
was present, whereas all remaining material were em-
bryonic shells or apical shell parts that could also be-
long to Cavolinia inflexa. It is not very probable that also
C. tridentata was represented, as that species has a
straight, not curved protoconch.

Genus Diacavolinia van der Spoel, 1987

Type species — Cavolinia longirostris (de Blainville, 1821)
(by monotypy, van der Spoel, 1987: p. 78) (Recent).

Diacavolinia longirostris (de Blainville, 1821)

Hyalaea longirostris, Lesueur, de Blainville, 1821: p. 81.
Cavolina longirostris (Lesueur) - Herman, 1971a, pp. 614,
618.

Cavolinia longirostris — Herman, 1971b: p. 475ff.
Cavolinia longirostris (Lesueur) — Herman, 1981: p. 178.
Diacavolinia longirostris (De Blainville, 1821) — van der
Spoel et al., 1993: p. 132, figs 3a, b; pl. 1, figs 1-4.

Discussion

Steuer (1911: p. 719) mentioned ‘Cavolinia lougirostris’
[sic] from the western Mediterranean and refers to lit-
erature data (Carus, 1890) for occurrences in the Adri-
atic. Rampal (1973, 2011) and others mention the occur-
rence of this species in the W and/or SW part of the
Mediterranean, supposing an introduction from the At-
lantic through the Strait of Gibraltar.

Herman (1971a, b, 1973, 1981), however, repeatedly
listed Cavolinia longirostris as one of the species oc-
curring in Mediterranean postglacial sediments, in-
clusive of the eastern basin, but without giving any
description or illustration. As that species was subse-
quently never recorded and is absent from the present
material, I guess that her identification needs to be
acknowledged. Most probably based on her papers,
the ETI website states “This form was found in the
Pleistocene of the Mediterranean”.

Genus Diacria ].E. Gray, 1847

Type species — Hyalea trispinosa (by original designation,
J.E. Gray, 1847: p. 203) = Diacria trispinosa (de Blainville,
1821 (Recent).

Diacria aff. quadridentata (de Blainville, 1821)

Diacria quadridentata (Lesueur) — Herman, 1971a: p. 617,
619.
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Diacria quadridentata — Herman, 1971b: p. 475ff.

Diacria quadridentata danae — Rampal, [1975]: p. 234, fig.
63M.

Diacria qudridentata — Herman, 1981: p. 189.

Diacria quadridentata group — van Leyen & van der
Spoel, 1982: p. 101f.

Diacria quadridentata (ms. Lesueur) (De Blainville, 1821)
— Grecchi & Bertolotti, 1988: p. 122, pl. 1, fig. 12.

? Diacria quadridentata — Corselli & Grecchi, 1990: p. 99.
Diacria danae Leyen & van der Spoel, 1982 — Rosenberg,
2009, Malacolog website.

Diacria danae Leyen & van der Spoel, 1982 — WoRMS
website, 2011.

Diacria danae — ETI website, 2011.

Description

See van Leyen & van der Spoel (1982) for a description
of the various forms of what used to be named Diacria
quadridentata, but were raised to species level by these
authors.

Material examined

Gravity core T87/2/20G (all protoconchs), sample 2.63-
2.64 m, RGM 569 088/2; 2.59-2.60 m, RGM 569 090/8;
2.54-2.55 m, RGM 569 092h/1; 2.47-2.48 m, RGM 569
095k /3 protoconchs; 2.42-2.43 m, RGM 569 111/6; 2.36-
2.37 m, RGM 569 136/1; 2.24-2.25 m, RGM 569 193/1
(Eemian).

Discussion

Rampal (1975: p. 234) referred to specimens occurring
in the western Mediterranean, immigrating from the
Atlantic, with the name Diacria quadridentata danae. This
agrees with the distribution map given by van Leyen &
van der Spoel (1982). Originally described as a forma of
D. quadridentata by van der Spoel (1971) D. danae was
raised to species level, together with several further for-
mae, in 1982. This is accepted by Rosenberg (2009) and
the WoRMS and ETI websites (the latter also claiming
the species as occurring in the Mediterranean Pleis-
tocene), but the name does not occur in the CLEMAM
website, similar as further taxa described by van Leyen
& van der Spoel (1982). In 2011 Rampal refers to this
species as D. danae.

Herman (1971a, b; 1981: p. 194) found Diacria quadriden-
tata in interstadial sediments of cores from the southern
Aegean Sea and described it as an ‘indicator of Atlantic
water, this warm-water taxon is a meso- and bathype-
lagic species, present in the Alboran Sea and in the
western basin along the African coast’.

Corselli & Grecchi also refer to this species as belonging
to the group of pteropods that are penetrating the Med-
iterranean from the Atlantic and occurring scarcely in
the western part only. They mention an occurrence in
the late Pleistocene part of a core from the eastern Med-
iterranean, published by Grecchi & Bartolotti (1988).

In the present material exclusively larval shells were

found only in the Eemian part of gravity core T87/2/20G,
easily distinguished from Diacria trispinosa by the ellip-
tical shape of protoconch-1. Such larval shells are, so
far, unidentiable to species and are therefore recorded
here in open nomenclature.

Diacria trispinosa (de Blainville, 1821)
(Fig. 50E-H)

Hyale a trois pointes; Hyalea trispinosa, Lesueur, de
Blainville, 1821: p. 82.

Hyaleea trispinosa. Les. — Cantraine, 1841: p. 28, pl. 1, fig.
4 (non Lesueur).

Hyalea tricuspidata. Lesueur — Deshayes, 1853: p. 61, pl.
103, figs 2, 3 (non Lesueur).

Hyalcea trispinosa, Lesueur — Vérany, 1853: p. 380 (Lesueur
inedit.).

Cavolinia trispinosa Pels. — Oberwimmer, 1898: p. 590
(non Pelseneer).

Diacria trispinosa (Lesueur) — Menzies, 1958: p. 391, fig.
1d (Lesueur inedit.).

Diacria trispinosa (Lesueur) — van Straaten, 1966: p. 431
(Lesueur inedit.).

Diacria trispinosa (ms. Lesueur) (Blainville, 1821) forma
trispinosa (ms. Lesueur) (Blainville, 1821) — van der
Spoel, 1967: p. 85, figs 76-78 (with extensive syno-
nymy).

Diacria trispinosa (Lesueur) — Pastouret, 1970: p. 238, pl.
2, fig. 2; pl. 3, fig. 5.

Diacria trispinosa (Lesueur) — Colantoni et al., 1970: p.
182, pl. 24, fig. 12; pl. 25, fig. 4a, c.

Diacria trispinosa (Lesueur) — Herman, 1971a: p. 617-619
(Lesueur inedit.).

Diacria trispinosa — Herman, 1971b: p. 4754f.

Diacria trispinosa (Lesueur) — Froget & Pastouret, 1972:
p. 612ff (Lesueur inedst.).

Diacria trispinosa (Lesueur) — Vatova, 1974: p. 109.
Diacria trispinosa — Rampal, [1975]: p. 223, fig. 60M.
Diacria trispinosa (MS Lesueur)(Blainville, 1821) — Almo-
gi-Labin & Reiss, 1977: p. 12, pl. 6, fig. 2.

Diacria trispinosa (de Blainville) — Bé & Gilmer, 1977: p.
785, fig. 28; pl. 7, fig. 23a-d.

Diacria trispinosa (Blainville, 1821) — Rampal, 1979: p.
149.

Diacria trispinosa — Herman, 1981: p. 189.

Diacria trispinosa (Lesueur, 1821) — Grecchi, 1984: p. 17,
pl. 1, fig. 12 (Lesueur inedit.).

Diacria trispinosa (Lesueur) — Buccheri, 1984: p. 80, pl. 1,
fig. 5 (Lesueur inedit.).

Diacria trispinosa (ms. Lesueur)(De Blainville, 1821) -
Grecchi & Bertolotti, 1988: p. 111, pl. 1, fig. 13.

Diacria trispinosa — Corselli & Grecchi, 1990: p. 98.
Diacria trispinosa (Lesueur, 1821) — Gofas et al., 2001: p.
200.

Diacria trispinosa trispinosa (Blainville, 1821) — Rampal,
2002: p. 244, figs 18, 19, 211-K.

Diacria rampali Dupont, 1979 — Rampal, 2002: p. 247, figs
20D-L, 23 D (non figs 211-K).

Diacria rampali L. Dupont, 1979 — Rosenberg, 2009, Ma-
lacolog website.



Diacria trispinosa (Blainville, 1821) — Rosenberg, 2009,
Malacolog website.

Diacria rampali (Dupont, 1979) - WoRMS website, 2011.
Diacria trispinosa (Lesueur, 1821) — WoRMS website,
2011.

Diacria rampali Dupont 1979 — CLEMAM website, 2011.
Diacria rampalae - CLEMAM website, 2011.

Diacria trispinosa (Lesueur 1821) — CLEMAM website,
2011.

Diacria rampali Dupont, 1979 — ETI website, 2011.
Diacria trispinosa trispinosa — ETI website, 2011.

Description

See van der Spoel (1967), Bé & Gilmer (1977).

Material examined

Box core and beam trawl samples: Me25-16 Kgl, SMF
332989/1 protoconch; Me25-16 Kg2, RGM 569 490/2,
SMF 333014/6; Me25-20 Kg1, SMF 333146/8; Me25-20
Kg2, SMF 333166/1; Me25-20 Ku, SMF 333187 /1; Me25-
21 Kg1, SMF 333208/1; Me25-21 Kg2, SMF 333227/3, 2
protoconchs; Me25-25 Kg1, SMF 333351/7; Me51/3-562,
DCS RGA499/1.

Gravity core T87/2/20G, sample 2.785-2.795 m, RGM
569 082/38, RGM 569 082a/1 (Fig. 50E, F), RGM 569
082b/1 (Fig. 50G, H); 2.73-2.74 m, RGM 569 086i/44;
2.67-2.68 m, RGM 569 087e/3; 2.63-2.64 m, RGM 569
089f/2; 2.54-2.55 m, RGM 569 092i/2; 2.47-2.48 m, RGM
569 0951/5 protoconchs; 2.45-2.46 m, RGM 569 100g/1
protoconch; 2.42-2.43 m, RGM 569 119g/3 protoconchs;
2.16-2.17 m, RGM 569 254n/1 protoconch; 2.14-2.15 m,
RGM 569 266f/1; 1.72-1.73 m, RGM 569 313f/1; 1.68-
1.69 m, RGM 569 317/1 protoconch (Eemian).

Gravity core T87/2/20G, sample 0.25-0.26 m, RGM 569
365f/5 (Weichselian).

Gravity core T87/2/20G, sample 0.22-0.23 m, RGM 569
366i/3; 0.20-0.21 m, RGM 569 367i/2; 0.19-0.20 m, RGM
569 368h/1; 0.18-0.19 m, RGM 569 369j/2; 0.14-0.15 m,
RGM 569 375k/1; 0.12-0.13 m, RGM 569 383h/3; 0.11-
0.12 m, RGM 569 389h/1 (Holocene).

Bologna samples: CJ 72 III-20, RGM 570 416/5 proto-
conchs; CJ 72 I1I-21, RGM 570 456/1 fragment; C] 72
11I-22, MZB (ex mRGM 570 652)/1 protoconch; CJ 72 I1I-
23, RGM 570 426/1; CJ 72 11I-25 (top), RGM 570 543/2
protoconchs, 1 fragment; CJ 72 III-27 (centre), RGM 570
701/many protoconchs, some fragments; CR 20, RGM
570 398/9 protoconchs, 3 fragments; CR 33, MZB (ex
RGM 569 799)/11 protoconchs, 2 fragments; CR 39,
RGM 570 624/3 protoconchs, 3 fragments; CR 42, RGM
570 369/3 fragments; CR 68, RGM 570 731/5 proto-
conchs, 10 fragments; CR 70, RGM 570 570/27 proto-
conchs, 4 fragments; ] 73-29, RGM 570 439/8 fragments;
J 749, RGM 570 512/2 protoconchs; ] 74-12, RGM 569
835/1 (mould); T74-55-6, RGM 570 922/12, RGM 570
923 /many fragments, RGM 570 924/many protoconchs;
T74-65-1, RGM 570 957 /3 protoconchs; T74-65-2, RGM
570 901/2 protoconchs; T74-65-9, RGM 570 936/1 proto-
conch.

Discussion

The WoRMS and CLEMAM websites refer to this spe-
cies with the authorship of Lesueur. In the original de-
scription, de Blainville (1821: p. 79) refers to an unpub-
lished manuscript of Lesueur, who at that time already
lived in America, and had made his manuscript availa-
ble to de Blainville (‘le manuscrit m’a été confié¢’ ['the
manuscript was entrusted to me’]). Several taxa are in-
cluded in de Blainville (1821) with the name of Lesueur
as the author, but apparently the text is not Lesueur’s.
So I think it not corrrect to cite Lesueur as the valid au-
thor, not even as ‘Lesueur in de Blainville’. The name of
D. rampali was correctly changed to D. rampalae in the
CLEMAM website.

The taxonomy of the Diacria trispinosa-group was re-
peatedly discussed during the last half century (e.g.
van der Spoel, 1967; Dupont, 1979; Hilgersom & van
der Spoel, 1987; Bleeker & van der Spoel, 1988; Bontes
& van der Spoel, 1998; Rampal, 2002) and various for-
mae were raised to species level and new taxa were in-
troduced. For a discussion of these see Janssen (2004).
For the time being I am only inclined to accept two sep-
arate species in the D. trispinosa-group, viz. D. trispinosa
and D. major (Boas, 1886), whereas the validity of all
other names will have to be demonstrated by molecular
techniques. As far as I know D. major has never been
recorded from the Mediterranean.

In the distribution map given by Bontes & van der
Spoel (1998: p. 83, fig. 6) the only taxon entering the
Mediterranean from the Atlantic is ‘Diacria rampali’ Du-
pont, 1979. In the map for Diacria trispinosa trispinosa,
given in the ETI website only the Adriatic is indicated
for the Mediterranean, whereas in their map for D. ram-
pali the western Mediterranean is indicated as ‘insuffi-
cient data’. Rampal’s (2002, fig. 21K) distribution map
contrarily indicates the sole presence of D. t. trispinosa
in the western Mediterranean.

Cantraine (1841) found living specimens of this species
in the area of Messina and also reported on several fos-
sil occurrences on the Italian mainland. This species
was reported as occurring very rarely near Nice by
Vérany (1853). Exclusively dead specimens were record-
ed by Oberwimmer (1898) from few bottom samples in
the eastern Mediterranean and the Adriatic Sea.
Menzies (1958) only recorded specimens from eastern
Mediterranean core sediments. Also Herman (1971a, b,
1981) found this species in postglacial parts of cores
from the southern Aegean Sea and the Levantine Basin.
She characterized the species as having a similar distri-
bution as Diacria quadridentata and as a ‘warm-water
sub-surface Atlantic water indicator’, somewhat more
abundant and more widespread than D. quadridentata,
penetrating into the eastern basin. Vatova (1974) record-
ed six specimens from two bottom samples in the Ioni-
an Sea. Corselli & Grecchi (1990) summarized western
Mediterranean occurrences, concluding on introduction
into the Mediterranean by currents from the Atlantic.
Rampal (2011) records Diacria trispinosa as rare in the
SW Mediterranean and the S Tyrrhenian Sea.
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The ETI website summarizes the known fossil distribu-
tion (of Diacria trispinosa trispinosa) as follows: ‘This
species was known from the late Quaternary (last
interglacial: 100,000 years BP) of the Red Sea, and the
Pleistocene of the Mediterranean, and Adriatic. From
the Adriatic this forma disappeared in the Atlanticum.
It penetrated the Adriatic already in the Older Dryas. It
was found in the middle Pliocene of Italy’. The source
of these data is not given.

In the material studied for the present paper this spe-
cies, represented predominantly by protoconchs and
fragments of the teleoconch, is relatively common in the
Eemian interval of gravity core T87/2/20G, but a few
specimens were also present in the Weichselian and
Holocene parts. Also in the Bologna samples this spe-
cies is frequently found, albeit usually not in larger
numbers and predominantly as protoconchs, with the
exception of one sample (174-55-6) from the Tyrrhenian
Sea that yielded fully grown, complete specimens and
many fragments.

Superfamily Cymbulioidea J.E. Gray, 1840
Family Cymbuliidae J.E. Gray, 1840

Note: In the Cymbuliidae family two subfamilies and
three genera are distinguished, viz. Cymbulia Péron &
Lesueur, 1810 in the Cymbuliinae, and Corolla Dall, 1871
and Gleba Forskdl, 1776, in the Glebinae. The species
only have a calcareous shell during the larval stage. In
adult specimens a so-called ‘pseudoconch’ is present, a
gelatinous but still rather solid organ, more or less in
the shape of a shoe, completely covered by mantle tis-
sue in the living animal. The larval shells have hardly
ever been described and are therefore not identifiable to
species level, the more so as even the taxonomy of adult
individuals is not ascertained yet. See Lalli & Gilmer
(1989: p. 152).

Subfamily Cymbuliinae ].E. Gray, 1840
Genus Cymbulia Péron & Lesueur, 1810

Type species — ‘Cymbulie Proboscidée’ = Cymbulia pro-
boscidea Lamarck, 1816 (nomen oblitum) = Cymbulia pero-
nii de Blainville, 1818 (nomen protectum) (by original
designation; see Janssen, 2007: p. 162) (Recent).

Note: Several species have been described within this
genus, two of which are recorded as occurring in the
Mediterranean by Rampal (1975: p. 242; 2011: p. 374)
and van der Spoel (1976: p. 36-39, figs 1776, 178), viz.
Cymbulia peronii de Blainville, 1818 (already recorded by
Vérany, 1853 as common near Nice, Oberwimmer, 1898,
and Steuer, 1911, from the Adriatic Sea) and C. parviden-
tata Pelseneer, 1888. The former is indicated for the
Mediterranean as very abundant, the latter as rare
(Rampal, 2011). As distinguishing characteristic pre-
dominantly the morphology of the pseudoconchs is ap-
plied. Van der Spoel distinguishes two ‘morphs’, both
occurring in the Mediterranean, for C. peronii.

The occurrence of two species in the Mediterranean is

acknowledged by the present material of larval shells,
which, however, cannot with certainty be related to the
adult shell-less forms of the two existing species and
are therefore included here in open nomenclature.

Cymbulia sp. 1
(Fig. 51A-G)

Cymbulia sp. 1 — Janssen, 2007a: p. 162, pl. 22, figs 4-6.

Description (shell)

See Janssen (2007a).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 518/4; Me25-16 Kg2, SMF 333018/2.

Gravity core T87/2/20G, sample 2.81-2.82 m, RGM 569
072/1, RGM 569 074/1 (Fig. 51F, G) (Saalian).

Gravity core T87/2/20G, sample 2.73-2.74 m, RGM 569
086j/19; 2.67-2.68 m, RGM 569 087g/4; 2.47-2.48 m,
RGM 569 095m/2; 2.45-2.46 m, RGM 569 100h/2; 2.42-
2.43 m, RGM 569 115/21; 2.36-2.37 m, RGM 569 139/20;
2.33-2.34 m, RGM 569 156/7; 2.30-2.31 m, RGM 569
175/1; 2.21-2.22 m, RGM 569 218/2; 2.18-2.19 m, RGM
569 235/25; 2.16-2.17 m, RGM 569 246/29; 2.14-2.15 m,
RGM 569 262/6; 2.03-2.04 m, RGM 569 277/4; 1.97-1.98
m, RGM 569 287/7; 1.91-1.92 m, RGM 569 296/3; 1.79-
1.80 m, RGM 569 303e/2; 1.76-1.77 m, RGM 569 304e/4;
1.72-1.73 m, RGM 569 305i/1; 1.72-1.73 m, RGM 569
309/14; 1.72-1.73 m, RGM 569 313e/14; 1.68-1.69 m,
RGM 569 318/13, RGM 569 318a-d/4 (Fig. 51A-E); 1.65-
1.66 m, RGM 569 326¢e/1 (Eemian).

Gravity core T87/2/20G, sample 1.33-1.34 m, RGM 569
333h/2; 0.50-0.51 m, RGM 569 352¢/1 (Weichselian).
Gravity core T87/2/20G, sample 0.12-0.13 m, RGM 569
383i/1; 0.11-0.12 m, RGM 569 387/6 (Holocene).
Bologna samples: CJ 72 I1I-27 (centre), RGM 570 702/1;
CR 33, MZB (ex RGM 569 800)/2; CR 34, RGM 570
680/4; CR 39, RGM 570 625/6; CR 42, RGM 570 370/14;
CR 68, RGM 570 732/1; CR 70, RGM 570 571/1; J 74-9,
RGM 570 513/many; J 74-10, RGM 569 917/5.

Discussion

The Mediterranean material of this species agrees com-
pletely with the specimens recorded from the Red Sea
by Janssen (2007a). In gravity core T87/2/20G the pre-
sent species is especially common during the Eemian
interval, and present during the Weichselian and
Holocene in just a few specimens. If Cymbulia sp. 2 in-
deed is C. peronii (see below), than it is imaginable that
Cymbulia sp. 1 represents C. parvidentata.

Interestingly, specimens closely resembling this spe-
cies were recently recorded from Eocene (Ypresian/
Lutetian) deposits in Uzbekistan (Janssen et al., 2011),
demonstrating the occurrence of the genus already
more than 40 Ma earlier than could be supposed to
date.



Cymbulia sp. 2
(Fig. 51H-L)

Cymbulia sp. 2 — Janssen, 2007: p. 163, pl. 22, figs 7-9.
? Cymbulia peroni — Rampal, 2011: p. 374, fig. 7-3, 3'.

Description (shell)

See Janssen (2007a). Just as was observed in the Red Sea
material specimens of this type differ from Cymbulia sp.
1 by a slightly smaller size, but in having a quarter of a
whorl more, with a markedly smaller nucleus.

Material examined

Gravity core T87/2/20G, sample 2.81-2.82 m, RGM 569
073/1 (Saalian)

Gravity core T87/2/20G, sample 2.42-2.43 m, RGM 569
1116/69; 2.36-2.37 m, RGM 569 140/180, RGM 569
140a/1 (Fig. 51H), RGM 569 140b/1 (Fig. 51L); 2.33-2.34
m, RGM 569 157/96; 2.30-2.31 m, RGM 569 176/54;
2.24-2.25 m, RGM 569 197/67, RGM 569 197a-c/3 (Fig.
51I-K); 2.21-2.22 m, RGM 569 219/51; 2.18-2.19 m, RGM
569 236/16; 2.16-2.17 m, RGM 569 247/12; 2.14-2.15 m,
RGM 569 263/6; 2.03-2.04 m, RGM 569 278/8; 1.97-1.98
m, RGM 569 288/27; 1.91-1.92 m, RGM 569 297/27;
1.72-1.73 m, RGM 569 305j/2; 1.68-1.69 m, RGM 569
319/4 (Eemian).

Gravity core T87/2/20G, sample 1.43-1.44 m, RGM 569
332i/1; 0.65-0.66 m, RGM 569 349e/2; 0.50-0.51 m, RGM
569 352f/1; 0.25-0.26 m, RGM 569 365g/6 (Weichselian).
Gravity core T87/2/20G, sample 0.22-0.23 m, RGM 569
366k/1; 0.18-0.19 m, RGM 569 3691/2; 0.17-0.18 m, RGM
569 3731/1; 0.12-0.13 m, RGM 569 383j/4; 0.11-0.12 m,
RGM 569 388/1; 0.05-0.06 m, RGM 569 402/9 (Holo-
cene).

Bologna samples: CR 33, MZB (ex RGM 569 801)/5; CR
70, RGM 570 572/8; T74-65-2, RGM 570 902/2.

Discussion

Unfortunately the illustration of a larval specimen of
Cymbulia peronii with shell in Rampal (2011) is not with
certainty recognizable as Cymbulia sp. 1 or sp. 2. Con-
sidering the diameters of nucleus and aperture it resem-
bles Cymbulia sp. 2 a bit more.

In gravity core T87/2/20G this species is even more
common during the Eemian than Cymbulia sp. 1, but
also rare in the Saalian, Weichselian and Holocene parts
of the section.

Subfamily Glebinae van der Spoel, 1976
Genus Corolla Dall, 1871

Type species — Corolla spectabilis Dall, 1871 (by original
designation, Dall, 1871: p. 137).

Note: Larval shells of species in the genus Corolla have
not yet been described. Two species are recorded from
the Mediterranean on the basis of adult specimens or
pseudoconch.

Corolla? chrysosticta (Troschel, 1854)

Tiedemannia chrysosticta Krohn MS, Troschel, 1854: p.
218, pl. 9. figs 10, 11.

Gleba chrysosticta (ms Krohn) (Troschel, 1854) — van der
Spoel, 1976: p. 44 (with further synonymy).

Gleba chrysosticta (ms Krohn) (Troschel, 1854) — Rampal,
1996, bp. 6, fig. 4D, E, fig. 5E.

Gleba chrysostricta [sic] (Troschel, 1854) — Rosenberg,
2009, Malacolog website.

Gleba chrysosticta (Troschel 1854: Tiedemannia) — CLEM-
AM website, 2011.

Gleba chrysostricta [sic] — ETI website, 2011.

Gleba chrysosticta (Troschel, 1854) — WoRMS website,
2011.

Note: This species used to be included in the genus Gle-
ba (e.g. Pelseneer, 1888; Meisenheimer, 1905; Tesch, 1913;
van der Spoel, 1976), but Rampal (1996b: p. 10; 2011: p.
374) transferred it to the genus Corolla, referring to its
occurrence in the Mediterranean as very rare. Van der
Spoel (1976, fig. 183) indicates it presence in the western
Mediterranean only. The various website authors leave
this species in the genus Gleba.

Corolla spectabilis Dall, 1871

Corolla spectabilis Dall, 1871p. 138.
Corolla spectabilis Dall, 1871 — van der Spoel, 1976p. 41,
fig. 22.

Note: A single pseudoconch of this species was record-
ed from the Strait of Messina by Berdar et al. (1982: p.
35, pl. 1, figs 1-3). It is not mentioned for the Mediter-
ranean by van der Spoel (1976, fig. 181) or Rampal
(2011).

Genus Gleba Forskal, 1776

Type species: Gleba cordata Forskal, 1776 (by monotypy)
(Recent).

Note: Two species in the genus Gleba were recognized
for the Mediterranean by Rampal (1975: p. 12), van der
Spoel (1976: p. 43-44), and Gofas et al. (2001: p. 200),
viz. G. cordata and G. chrysosticta. The latter species was
transferred, however, to the genus Corolla by Rampal
(1996b) (see above). Corselli & Grecchi (1990: p. 94) con-
sider both names to be synonyms. Among the larval
shells I do not find two types, and therefore I apply the
name G. cordata.

Gleba cordata Forskal, 1776
(Fig. 52A-G)

Gleba cordata Forskal, 1776: p. 14, pl. 43, fig. D.

Gleba sp. — Colantoni et al., 1970: p. 185, pl. 26, fig. 7.
Gleba cordata (ms Forskal) Niebuhr, 1776 — van der Spoel,
1976: p. 43, fig. 26 (with extensive synonymy).

Gleba cordata (ms Forskal)(Niebuhr, 1776) — Grecchi,
1984: p. 18, pl. 1, fig. 18.

? Gleba sp. — Buccheri & di Stefano, 1984: p. 182, pl. 1,
fig. 10.
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Gleba chrysosticta — Corselli & Grecchi, 1990: p. 94.

Gleba cordata (ms. Forskal) Niebuhr, 1776 — Grecchi &
Bertolotti, 1988: p. 116, pl. 2, fig. 8.

Gleba cordata Niebuhr, 1776 - Kunz, [1996]: p. 156, pl. 27,
figs 2-4 (non fig. 1 = Pterotrachea sp. 1).

Gleba cordata Forskal, 1776 — Gofas et al., 2001, p. 200.
Gleba cordata Niebuhr, 1776 — Rosenberg, 2009, Mala-
colog website.

Gleba cordata Niebuhr 1776 — CLEMAM website, 2011.
Gleba cordata Forskal, 1776 — WoRMS website, 2011.
Gleba cordata (ms Forskal) Niebuhr, 1776 — ETI web-
site, 2011.

Description (of larval shell)

See Grecchi (1984), Grecchi & Bertolotti (1988).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 5532/20; Me25-16 Kg2, SMF 333019/2; Me25-19
Kg2, SMF 333129/1; Me25-37 Kgl, RGM 541 632/1;
Me51/3-562, DCS RGA512/2.

Gravity core T87/2/20G, sample 2.81-2.82 m, RGM 569
075/6 (Saalian)

Gravity core T87/2/20G, sample 2.785-2.795 m, RGM
569 085f/1; Gravity core T87/2/20G, 2.73-2.74 m, RGM
569 086k/3; 2.54-2.55 m, RGM 569 092j/1; 2.47-2.48 m,
RGM 569 095n/1; 2.45-2.46 m, RGM 569 1001/3; 2.42-
2.43 m, RGM 569 117/45; 2.36-2.37 m, RGM 569 141/211;
2.33-2.34 m, RGM 569 158/127, RGM 569 158a-g/ (Fig.
52A-G); 2.30-2.31 m, RGM 569 177/123; 2.24-2.25 m,
RGM 569 198/78; 2.21-2.22 m, RGM 569 220/54; 2.18-
2.19 m, RGM 569 237/33; 2.16-2.17 m, RGM 569 248 /40;
2.14-2.15 m, RGM 569 264/24; 2.14-2.15 m, RGM 569
271g/5; 2.03-2.04 m, RGM 569 279/19; 1.97-1.98 m,
RGM 569 2921/6; 1.91-1.92 m, RGM 569 300i/5; 1.72-
1.73 m, RGM 569 305k/8; 1.72-1.73 m, RGM 569 310/20;
1.68-1.69 m, RGM 569 320/26; 1.61-1.62 m, RGM 569
327e/1 (Eemian).

Gravity core T87/2/20G, sample 1.58-1.59 m, RGM 569
329d/2; 1.53-1.54 m, RGM 569 330g/1; 0.87-0.88 m,
RGM 569 342d/1; 0.72-0.73 m, RGM 569 347f/1; 0.50-
0.51 m, RGM 569 352g/1; 0.25-0.26 m, RGM 569 365h/3
(Weichselian).

Gravity core T87/2/20G, sample 0.22-0.23 m, RGM 569
3661/16; 0.20-0.21 m, RGM 569 367k/2; 0.19-0.20 m,
RGM 569 368j/6; 0.18-0.19 m, RGM 569 369m/6; 0.17-
0.18 m, RGM 569 373m/6; 0.14-0.15 m, RGM 569
375m/9; 0.12-0.13 m m, RGM 569 380/20; 0.11-0.12 m,
RGM 569 389i/5; 0.095-0.105 m, RGM 569 391h/1; 0.05-
0.06 m, RGM 569 401/8 (Holocene).

Bologna samples: CJ 72 I1I-20, RGM 570 417 /c. 35; CJ] 72
II-21, RGM 570 457/1; CJ 72 11I-21 (bottom), RGM 570
756/c. 40; CJ 72 111-22, MZB (ex RGM 570 653)/7; CJ 72
IMI-25 (top), RGM 570 544/12; CJ 72 III-27 (centre), RGM
570 703 /many; CR 20, RGM 570 402/7; CR 33, MZB (ex
RGM 569 802)/11; CR 34, RGM 570 681/10; CR 39, RGM
570 626/many; CR 42, RGM 570 371 /many; CR 68, RGM
570 733 /many; CR 70, RGM 570 573 /many; ] 73-29, RGM

570 440/1; ] 74-9, RGM 570 514/many; ] 74-10, RGM 569
918/8; ] 74-12, RGM 569 836/8; T74-65-1, RGM 570 958/
many (hundreds); T74-65-2, RGM 570 903 /many.

Discussion

Steuer (1911) considered this species to be restricted to
the western Mediterranean (W of Sicily), but it is indi-
cated to occur in the western Mediterranean and the
Adriatic by van der Spoel (1976, fig. 183). According to
Rampal (2011), it is rare all over the Mediterranean. The
ETI website denies its presence in the eastern Mediter-
ranean. From the present material it is at least evident
that Gleba cordata has become extinct in the eastern ba-
sin only very recently.

In gravity core T87/2/20G the species is especially com-
mon during the Eemian interval, rare during the Weich-
selian, becoming more common again during the
Holocene. Also in the various bottom samples shells of
this species is usually present (if the finer sieving frac-
tions are available).

Family Desmopteridae Chun, 1889
Genus Desmopterus Chun, 1889

Type species: Desmopterus papilio Chun, 1889 (by
monotypy) (Recent).

Desmopterus papilio Chun, 1889
Desmopterus papilio Chun, 1889: p. 540, pl. 3, figs 11-14.

Note: Apart from the Cymbulioidea taxa discussed here
the family Desmopteridae, with the species Desmopterus
papilio Chun, 1889, is mentioned for the Mediterranean
in van der Spoel (1976, fig. 184) as an immigrant from
the Atlantic. Also Rampal (1975: p. 12) refers to Medi-
terranean occurrences. Batisti¢ et al. (2007) record this
species from the Adriatic. The ETI website (2011) states
‘it does not normally penetrate most of the Mediterra-
nean’. Rampal (2011: p. 375) mentions it as rare in the
Mediterranean. A possible larval shell of this species
has never been reported (but see the Discussion be-
low under Peracle? sp.).

The anatomy of this in the adult stage shell-less species
could also point to a systematic position within the
Gymnosomata (van der Spoel, 1976: p. 45), in which
group it was originally included by Chun (1889).

Family Peraclidae Frontier, 1963
Genus Peracle Forbes, 1844

Type species: Peracle physoides Forbes (1844: p. 186) (by
monotypy) = P. reticulata (d’Orbigny, 1834) (Recent).

Note: The use of the genus name Peracle Forbes, 1844,
rather than its emended replacement name Peraclis Pel-
seneer, 1888, is discussed in Cahuzac & Janssen (2010:
p. 112), but Peraclis was already considered an unjusti-
fied modification by Giovine (1988: p. 22).

As identification of juvenile specimens of this genus can



be rather confusing schematical outline drawings of ju-  Peraclis bispinosa — Herman, 1981: p. 190.

venile specimens are presented in Figs 33-37. Peracle bispinosa Pelseneer, 1888 — Gofas et al., 2001p.
200.
Peracle bispinosa (Pelseneer, 1888) Peracle bispinosa Pelseneer, 1888 — Rosenberg, 2009, Ma-
(Fig. 33A-C) lacolog website.

Peraclis bispinosa Pelseneer, 1888: p. 36, pl. 1, figs 9, 10. Peracle diversa (Monterosato 1875) - CLEMAM website,
Peracle diversa, de Monterosato — Locard, 1897: p. 29, pl. 2011 (partim, non Monterosato).

1, ﬁgs 4-6 (non Monterosato)_ Peraclis biS]ﬂiTlOSﬂ Pelseneer, 1888a — ETI website, 2011.
Peracle bispinosa Pels. — Oberwimmer, 1898: p. 589.

Peraclis bispinosa Pelseneer, 1888 — van der Spoel, 1976: Description

p. 29, fig. 10 (with further synonyms, but exclusive of P,

diversa). See van der Spoel (1976).

33A 34A

C

Figs 33-36. Juvenile Peracle species. Fig. 33A-C. Peracle bispinosa Pelseneer, 1888. Atlantic Ocean, E of midatlantic ridge, 45°21.3" N 27°9.1 W, box-
core T90-10B of JGOFS leg-IV expedition, 15 June 1990, water depth 2162 m. Holocene, in upper 43 cms of bottom sediment, with pteropod layers
throughout, RGM 570 849. Fig. 34A-C. P diversa Monterosato, 1875. East Mediterranean, S of Crete, 34°43.00 N 25°51.60 E to 34°41.60 N
25°49.90 E, water depth 1626-1433 m. Late Holocene to Recent, beam trawl sample of bottom sediment, Meteor 5/1, Sta. 19 Ku, January 17, 1987,
RGM 570 850. Fig. 35A-C. P elata (Seguenza, 1875). Data as for P bispinosa., RGM 570 855. Fig. 36A-C. P, reticulata (d'Orbigny, 1835). Data as for
P diversa. RGM 570 854. A. Apical views. B. Ventral views. C. Dorsal views. Bar length is 1 mm.

Figg. 33-36. Esemplari juvenili di specie del genere Peracle. Fig. 33A-C. Peracle bispinosa Pelseneer, 1888. Oceano Atlantico, ad est della dorsale
medioatlantica, 45°21,3' N 27°9,1 O, box-core T90-10B, campagna JGOFS leg-IV, 15 Giugno 1990, profondita 2162 m. Olocene, nei 43 cm superiori
del campione di fondo, con vari strati a pteropodi, RGM 570 849. Fig. 34A-C. P diversa Monterosato, 1875. Mediterraneo orientale, a sud di Creta,
da 34°43,00 N 25°51,60 E a 34°41,60 N 25°49,90 E, profondita 1626-1433 m. Tardo Olocene-Attuale, campione da dragaggio, Meteor 5/1, Stazione
19 Ku, 17 Gennaio 1987, RGM 570 850. Fig. 35A-C. P elata (Seguenza, 1875). Dati uguali a quelli di P bispinosa., RGM 570 855. Fig. 36A-C. P
reticulata (d'Orbigny, 1835). Dati uguali a quelli di P diversa. RGM 570 854. A. Viste apicali. B. Viste ventrali. C. Viste dorsali. Scala = 1 mm.
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Discussion

This species was not recognized with certainty among
the many Peracle specimens in the present material. A
specimen from the central North Atlantic is illustrated
in Fig. 33A-C.

Following Tesch (1913) and van der Spoel (1976) the
CLEMAM and WoRMS websites still consider Peracle
bispinosa a synonym of P. diversa (see below). The ETI
website accepts P. bispinosa as a valid species and refers
to its distribution as follows: ‘Mesopelagic warm water
species, restricted to the Atlantic Ocean and Mediter-
ranean Sea, forming a true Atlanto-Mediterranean ele-
ment (Atlanto-Mediterranean centre)’. With respect to
P. diversa they state: ‘For this species [= bispinosa] the
name Peraclis diversa is available, but the name Peraclis
bispinosa, in common use, refers to a better description
of a full grown specimen. Peraclis diversa was first intro-
duced as nomen nudum and probably referred to a dam-
aged juvenile shell. For these reasons it is proposed that
the priority rule not be used and to suppress the name
Peraclis diversa. Giovine (1988) is of the opinion that
Peraclis diversa is a valid species’.

I agree with Giovine (1988) and Gaglini & Villari (1994)
that Monterosato (1875: p. 50) introduced the name
Spirialis diversa, albeit without an illustration, with a
short, but rather clear description, distinctly differenti-
ating his new taxon from ‘S. reticulata, d’'Orb.” and the
name can no way be considered a nomen nudum. Also 1
agree in considering these two taxa valid species. It
could be tempting, considering the restricted informa-
tion available in the current literature, to consider P. di-
versa a juvenile of P. bispinosa, as in small specimens of
the latter an indication of the subsutural apertural spine
is not yet present. Still, a comparison between two spec-
imens of more or less the same size offers discrete dif-
ferences (Figs 33A-C, 34A-C): juvenile P. bispinosa is not
only considerably more slender than P. diversa with less
shouldered whorls, but also has much coarser subsu-
tural crests. I do not doubt that we are dealing with two
distinct species.

Oberwimmer (1898) found a dead specimen of this spe-
cies at three stations in the eastern Mediterranean, but
not in the Adriatic. Van der Spoel’s (1976, fig. 169) dis-
tribution map indicates the presence of this species (but
with P. diversa included) all over the Mediterranean, the
Adriatic Sea excluded. Herman (1981) referred to this
species with the following characteristics: ‘Peraclis bispi-
nosa is a meso-bathypelagic species. Rare occurrences
have been reported in all basins’ (of the Mediterranean).
She recorded it from the postglacial part of cores in the
Levantine Basin. Rampal (2011) records this species as
very rare in the Alboran Sea.

Peracle diversa (Monterosato, 1875)
(Figs 34A-C, 52H-], 54G)

Spirialis diversa Monterosato, 1875: p. 50.

Spirialis diversa, Monts — Monterosato, 1878: p. 115.

non Peracle diversa, de Monterosato — Locard, 1897: p.
29, pl. 1, figs 4-6 (= P. bispinosa).

Peraclis apicifulva Meisenheimer, 1906: p. 122, pl. 5, fig.
9a-d.

Peraclis brevispira Pelseneer, 1906: p. 146, pl. 12, figs 45-
51.

Peracle apicifulva Meisenheimer — Colantoni et al., 1970:
p. 185, pl. 26, fig. 5a, b.

Peraclis apicifulva Meisenheimer — Di Geronimo, 1970: p.
96, pl. 7, fig. 4a-c.

Peraclis apicifulva Meisenheimer — Vatova, 1974: p. 110.
Peraclis apicifulva Meisenheimer, 1906 — van der Spoel,
1976: p. 30, fig. 11.

Peraclis apicifulva (Meisenheimer, 1906) — Almogi-Labin
& Reiss, 1977: p. 15, pl. 9, figs 6-7; pl. 10, figs 1-3.
Peraclis apicifulva Meisenheimer 1906 — Richter, 1979: p.
22, pl. 4, figs 51, 52.

? Peraclis sp. — Buccheri, 1984: p. 80, pl. 1, fig. 4a, b.
non Peraclis apicifulva Meisenheimer, 1906 — Grecchi &
Bertolotti, 1988: p. 115 (= P. reticulata).

Peracle apicifulva — Corselli & Grecchi, 1990: p. 97.
Peracle diversa Monterosato, 1875 — Gaglini & Villari,
1994: p. 307, pl. 1.

Peraclis apicifulva Meisenheimer, 1906 — Kunz, [1996]: p.
149, pl. 25, figs 1-4.

Peracle diversa (Monterosato, 1875) — Gofas et al., 2001:
p- 200.

Peracle diversa (Monterosato, 1875) — Rosenberg, 2009,
Malacolog website.

Peracle diversa (Monterosato, 1875) — WoRMS website,
2011.

Peracle apicifulva Meisenheimer 1906 — CLEMAM web-
site, 2011.

non Peracle diversa (Monterosato 1875) - CLEMAM
website, 2011 (partim = P. bispinosa).

Peraclis apicifulva — Rampal, 2011: p. 370, fig. 1-6.

Description

Van der Spoel (1976), Gaglini & Villari (1994).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 533/29, RGM 570 850 (Fig. 34A-C); Me25-13 Kgl,
SMF 332896/1; Me25-15 Kgl, SMF 332923/3; Me25-15
Kg2, SMF 332953/3;, Me25-16 Kgl, SMF 332990/4;
Me25-16 Kg2, RGM 569 493/1, SMF 333015/4; Me25-17
Kgl, SMF 333040/1; Me25-17 Kg2, SMF 333059/3;
Me25-19 Kg2, SMF 333127/1; Me25-20 Kg2, SMF
333167/2; Me25-20 Ku, SMF 333188/1; Me25-21 Kgl,
SMF 333209/1; Me25-22 Kg2, SMF 333248/1; Me25-23
Kgl, SMF 333270/1; Me25-24 Kg2, SMF 333339/1;
Me25-37 Kg1, RGM 541 630-630a/2 (Fig. 52H-]); Me25-
39 Kgl, SMF 333418/3.

Gravity core T98/2/20G, sample 2.24-2.25 m, RGM 569
196/1 (Fig. 54G).

Bologna samples: CJ 72 I1I-21 (bottom), RGM 570 758/2;
CJ 72 11I-22, MZB (ex RGM 570 654)/1; CJ 72 I1I-25 (top),
RGM 570 545/7; CR 20, RGM 570 399/1; CR 31, RGM
570 479/2; CR 39, RGM 570 627/23; CR 42, RGM 570
372/5; CR 68, RGM 570 734/21;] 74-9, RGM 570 515/16;



J 74-12, RGM 569 837/1; T74-65-1, RGM 570 959/5 juve-
niles; T74-65-2, RGM 570 904 /1.

Discussion

This species used to go under the name of Peracle apici-
fulva for a long time. Giovine (1988: p. 24), however, re-
vived Monterosato’s name P. diversa and considered it a
senior synonym of P. apicifulva. This was acknowledged
by Gaglini & Villari (1994), who relocated syntypes of
Spirialis diversa Monterosato, 1875, and found them to be
identical indeed. Monterosato’s name was included with
a query among the synonyms of P. bispinosa by Tesch
(1913: p. 75) and van der Spoel (1976: p. 29). Bedulli et
al. (1995: p. 22), the Malacolog website (Rosenberg,
2009) and WoRMS accept P. diversa as the valid name.
CLEMAM (2011), however, keeps both names as valid,
separate species. The ETI (2011) website maintains P.
apicifulva as the valid name, but refers to the WoRMS
website, where it is considered a synonym of P. diversa.
They consider this latter taxon a senior synonym of P.
bispinosa (see above).

Rampal (2011) sticks to both Peraclis and P. apicifulva,
without even mentioning the name P. diversa. She refers
to a single specimen caught alive near Villefranche-sur-
Mer. Vatova (1974) recorded this species as ‘very rare’
and, incorrectly, as ‘nuova per il Mediterraneo (Mar Jonio)’
['new for the Mediterranean (Ionian Sea’)] from three
(of four) bottom samples in the Ionian Sea. Corselli &
Grecchi (1990), referring to the very few records of liv-
ing Mediterranean specimens, concluded that a contin-
uous presence of this species in the basin has only been
possible in periods with a cooler climate than the
present.

Peracle elata (Seguenza, 1875)
(Fig. 35A-C)

Embolus elatus Seguenza, 1875: p. 148.

Embolus elatus, Seguenza — Seguenza, 1876: p. 47.
Embolus triacanthus Fischer, 1882: p. 49.

Protomedea triacantha: p. Fischer — Locard, 1897: p. 27, pl.
1, figs 1-3.

Limacina triacantha (Fischer) — Sykes, 1905: p. 328.
Peracle triacantha (Fischer) — Colantoni et al., 1970: p.
184, pl. 26, fig. 6a, b.

Peraclis triacantha (Fischer, 1882) — van der Spoel, 1976:
p. 32, fig. 14.

Peracle triacantha (Fischer, 1882) - Nofroni & Silesu,
1986: p. 6, fig.

Peraclis reticulata (d’Orbigny, 1836) — Grecchi & Berto-
lotti, 1988: p. 114, pl. 1, figs 18 (non d’Orbigny).

Peracle triacantha — Corselli & Grecchi, 1990: p. 96.
Embolus elatus G. Seguenza — Bertolaso & Palazzi, 2000:
p. 17, figs 110-112, 178, 179.

Peracle triacantha (Fischer P, 1882) — Gofas et al., 2001: p.
200.

Peraclis triacantha Fischer, 1882) — Janssen, 2004: p. 122,
pl. 4, fig. 8.

Peracle triacanthus (P. Fischer, 1882) — Rosenberg, 2009,
Malacolog website.

Peracle triacantha (Fischer P., 1882) —-WoRMS website,
2011.

Peraclis triacantha (Fischer, 1882a) — ETI website, 2011.
Peracle triacantha (Fischer P. 1882) - CLEMAM website,
2011.

Description

Van der Spoel (1976), Bertolaso & Palazzi (2000).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 535/1; Me25-16 Kgl, SMF 332992/2; Me25-16 Kg2,
SMF 333017/1; Me25-20 Kg1, SMF 333148/1.

Bologna samples: CR 33, MZB (ex RGM 569 804)/2 ju-
veniles; CR 68, RGM 570 736/5.

Discussion

As already implied by Sykes (1905: p. 328) Embolus ela-
tus Seguenza, 1875 indeed was found to be a senior
synonym of Embolus triacanthus Fischer, 1882. The iden-
tity could be confirmed by the discovery of two of Se-
guenza’s syntypes in the collections of the Museo di
Geologia e Palaeontologia dell’'Universita di Firenze
(Italy) (Bertolaso & Palazzi, 2000). Seguenza (1875)
hardly gave any information on his new taxon (no more
than “Apertura grande in rapporto alla spira [aperture large
compared to the spire’]), but a year later (Seguenza,
1876: p. 47) an extensive description was given. The two
specimens illustrated in Bertolaso & Palazzi originate
from Pliocene deposits near Trapani (Sicily).

The species was recorded from the Pliocene (Piacen-
zian) of Estepona (Spain) (Janssen, 2004) and is also
known from several further Pliocene localities in Italy
and France (RGM collections). Corselli & Grecchi (1990),
referring to papers by Colantoni et al. (1970) and No-
froni & Silesu (1986), in which specimens were recorded
from bottom sediments, do not consider the present
species to occur in the living Mediterranean fauna.
Rampal (2011) refers to a single find of this species (as
Peraclis triacantha) in the SW Mediterranean. A juvenile
specimen from the N Atlantic is illustrated herein (Fig.
35A-C).

Peracle moluccensis (Tesch, 1903)
(Fig. 37A, B)

Peraclis moluccensis Tesch, 1903: p. 112.

Peraclis moluccensis Tesch, 1904: p. 16, pl. 1, figs 7-10.
Peraclis moluccensis Tesch, 1903 — van der Spoel, 1976: p.
31, fig. 12 (with further synonymy).

Peracle moluccensis Tesch, 1903 [sic] — Rosenberg, 2009,
Malacolog website.

Peraclis moluccensis (Tesch, 1904) [sic] - Rampal, 2011: p.
371, fig. 1-10.

Peracle moluccensis (Tesch, 1903) — WoRMS website,
2011.

Peraclis moluccensis Tesch, 1903 — ETI website, 2011.
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37A

B

Fig. 37. A, B. Peracle moluccensis (Tesch, 1933). Tyrrhenian Sea, sample
T74-95-9; RGM 570 937. A. Apertural view. B. Apical view. Bar length
is 1 mm.

Fig. 37. A, B. Peracle moluccensis (Tesch, 1933). Mar Tirreno, campione
T74-95-9; RGM 570 937. A. Vista aperturale. B. Vista apicale. Scala =
1 mm.

Description

See Tesch, 1904, van der Spoel (1976).

Material examined

Bologna samples: T74-65-9, RGM 570 937/1 (Fig. 37A,
B).

Discussion

A single, unmistakable specimen was found in one of
the Tyrrhenian Sea samples. In the same sample many
specimens of Limacina retroversa were present. Rampal
(2011) considered the occurrence of this species in the
Mediterranean ‘peu probable’ ['not very probable’]. Van
der Spoel’s (1976) distribution chart for this species
shows its presence close to the Strait of Gibraltar, but
not in the Mediterranean.

Peracle reticulata (d’Orbigny, 1834)
(Figs 36A-C, 53A, B)

Alllanta] reticulata d’Orbigny, 1834: pl. 12, figs 32-35, 39.
Atlanta (Heliconoides) reticulata, d’Orb. — d’Orbigny, 1836:
p. 178.

Peracle reticulata Pels. — Oberwimmer, 1898: p. 589 (non
Pelseneer).

Peraclis reticulata (Orb.) — van Straaten, 1966: p. 431.
Peraclis reticulata (d’Orbigny) — Di Geronimo, 1970: p.
94, pl. 7, fig. 3a, b.

Peracle reticulata (Orb.) — Colantoni et al., 1970: p. 184,
pl. 26, fig. 4.

? Peraclis sp. — Herman, 1971a: p. 617, 618.

Peraclis reticulata (d’Orbigny) — Vatova, 1974: p. 110.

? Spiratella lesueuri Orbigny 1836 — Nordsieck, 1973: p. 6,
fig. 20 (non lesueurii d’Orbigny, 1835).

Peracle reticulata (Orbigny) 1838 [sic] — Nordsieck, 1973:
p. 6, fig. 23.

Peraclis reticulata (d’Orbigny, 1836) — van der Spoel,
1976: p. 28, fig. 9 (with extensive synonymy).

Peraclis reticulata (d’Orbigny, 1836) — Almogi-Labin &
Reiss, 1977: p. 15, pl. 10, figs, 5-6.

Peraclis reticulata — Herman, 1981: p. 190.

Peraclis apicifulva Meisenheimer, 1906 — Grecchi, 1984: p.
18, pl. 1, figs 10, 11, 17 (non Meisenheimer).

Peraclis reticulata (d’Orbigny, 1836) — Grecchi & Bertol-
otti, 1988: p. 114, pl. 1, figs 19, 20 (non fig. 18 = P. elata).
Peraclis apicifulva Meisenheimer, 1906 — Grecchi & Bertol-
otti, 1988: p. 115, pl. 1, figs 14, 15 (non Meisenheimer).
Peracle reticulata (d’Orbigny, 1836) — Gofas et al., 2001: p.
200.

Peracle reticulata (d’Orbigny, 1834) — Rosenberg, 2009,
Malacolog website.

Peraclis reticulata (d’Orbigny, 1836) — ETI website, 2011.
Peracle reticulata (d’Orbigny, 1836) — WoRMS website,
2011.

Peracle reticulata (d’Orbigny 1836: Atlanta) - CLEMAM
website, 2011.

Description

See van der Spoel (1976).

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 534/many, RGM 570 854/1 (Fig. 36A-C); Me25-11
Kgl, SMF 332871/1; Me25-12 Kg2, SMF 332880/1;
Me25-13 Kgl, SMF 332897/5; Me25-13 Kg2, SMF
332911/2; Me25-15 Kgl, SMF 332934/11; Me25-15 Kg2,
SMF 332954/6; Me25-15 Ku, SMF 332970/1; Me25-16
Kgl, SMF 332991/38; Me25-16 Kg2, RGM 569 494/5,
SMF 333016/15; Me25-17 Kgl, SMF 333041/22; Me25-
17 Kg2, SMF 333060/23; Me25-18 Kgl, SMF 333074/7;
Me25-18 Kg2, SMF 333091/1; Me25-19 Kgl, SMF
333108/19; Me25-19 Kg2, SMF 333128/15; Me25-20 Kg1,
SMF 333147/7; Me25-20 Kg2, SMF 333168/5; Me25-20
Ku, SMF 333189/8;, Me25-21 Kgl, SMF 333210/11;
Me25-21 Kg2, SMF 333228/28;, Me25-22 Kg2, SMF
333249/7; Me25-23 Kg1, SMF 333271/19; Me25-23 Kg2,
SMF 333289/19; Me25-23 Ku, SMF 333307/7; Me25-24
Kgl, SMF 333322/5; Me25-24 Kg2, SMF 333340/14;
Me25-37 Kgl, RGM 541 631/32; Me25-37 Ku, SMF
333369/9; Me25-38 Kgl, SMF 333387/21; Me25-38 Ku,
SMF 333401/4; Me25-39 Kgl, SMF 333419/3; Me25-39
Kg2, SMF 333436/2.

Gravity core T87/2/20G, sample 2.81-2.82 m, RGM 569
076/1 (Saalian).

Gravity core T87/2/20G, sample 2.45-2.46 m, 2.42-2.43
m, RGM 569 114b/14; RGM 569 099/1; 2.36-2.37 m,
RGM 569 137/3, RGM 569 138b/4; 2.33-2.34 m, RGM
569 159/2; 2.30-2.31 m, RGM 569 173/4, RGM 569
174d/2;2.24-2.25 m, RGM 569 194 /15, RGM 569 195a/4,
RGM 569 194a, c/2 (Fig. 53A, B); 2.21-2.22 m, RGM 569
216/5, RGM 569 217b/7; 2.18-2.19 m, RGM 569 232/1,
RGM 569 233b/3; 2.03-2.04 m, RGM 569 276/4; 1.97-
1.98 m, RGM 569 286b/2; 1.91-1.92 m, RGM 569 295/4;
1.72-1.73 m, RGM 569 308/1 (Eemian).

Gravity core T87/2/20G, sample 0.05-0.06 m, RGM 569
399/1 (Holocene).

Bologna samples: CJ 72 1II-21, RGM 570 458/4; C] 72
11121 (bottom), RGM 570 757/11 juveniles; CJ 72 I11-22,
MZB (ex RGM 570 655)/2 juveniles;CJ 72 1II-25 (top),



RGM 570 546/8; CJ 72 1II-27 (centre), RGM 570 704/2;
CR 20, RGM 570 400/5; CR 31, RGM 570 480/5; CR 33,
MZB (ex RGM 569 803)/11; CR 34, RGM 570 682/6; CR
39, RGM 570 628/many; CR 42, RGM 570 373/35; CR
68, RGM 570 735/many; CR 70, RGM 570 574/5 juve-
niles; ] 74-9, RGM 570 516/1, many juveniles, RGM 570
597/1; ] 74-10, RGM 569 919/1 juvenile; ] 74-12, RGM
569 838/9 juveniles; T74-55-6, RGM 570 925/2 juveniles;
T74-65-1, RGM 570 960/16 juveniles; T74-65-2, RGM
570 905/8 juveniles.

Discussion

Fully grown specimens of Peracle reticulata are easily
recognized by their shape and frequently preserved
light brownish colour. Very juvenile shells, however, re-
semble especially P. diversa closely. A clear difference is
the absence of subsutural crests in P. reticulata.

This species was recorded by Oberwimmer (1898) from
a number of stations in the eastern Mediterranean Sea,
all from bottom samples. He did not find this species in
the Adriatic.

Herman (1971a, 1981) recorded Peraclis sp.” from post-
glacial and/or interstadial parts of cores in the Levan-
tine Basin, as well as from the southern Aegean and
Ionian seas. For P. reticulata she stated that it is found
in all basins at low frequencies. Vatova (1974) encoun-
tered this species rather rare in three of four bottom
samples of the Ionian Sea. Rampal (2011) found this
species to occur frequently in the eastern Mediterrane-
an and the Alboran Sea. Many further authors recorded
this species from the Mediterranean basin, dead or
alive.

Peracle? sp.
(Figs 38, 53C-J, 54A-F)

Peraclis reticulata (d’Orbigny, 1836) — Kunz, [1996]: p.
143, pl. 23, fig. 4 (reproduced herein as Fig. 38) (partim,
non pl. 23, figs 1-3 = P. reticulata).

Description

Very small sinistral shells (H = ~ 300 ym), of barely
more than one whorl that very rapidly increases in di-
ameter. Juveniles are wider than high, but the largest
specimens are almost as high as wide. The nucleus is
comparatively large (diameter c. 115-120 ym), spherical
and covered with a polygonal ornament (Figs 53], 54C,
F), only visible in SEM-imaging. The upper apertural
margin reaches higher than the initial parts of the shell
(Fig. 53C, E, I). The aperture is roundish to broadly el-
liptical; columella and umbilicus are covered with ma-
trix in most specimens. There are no apertural reinforce-
ments.

Material examined

Gravity core T87/2/20G, 2.36-2.37 m, RGM 569 138a/14;
2.33-2.34 m, RGM 569 160/21, RGM 569 160a-d/4 (Fig.
53C-H); 2.30-2.31 m, RGM 569 174/13, RGM 569 174a-

Fig. 38. Peracle? sp. Southern Red Sea, plankton catch. After Kunz
(1996: pl. 23, fig. 4).

Fig. 38. Peracle? sp. Mar Rosso meridionale, retinata di plancton. Da
Kunz (1996: pl. 23, fig. 4).

c/3 (Fig. 531, ], 54A-F); 2.24-2.25 m, RGM 569 195b/13,
2.21-2.22 m, RGM 569 217a/11; 2.18-2.19 m, RGM 569
233a/3;2.16-2.17 m, RGM 569 245/4; 2.14-2.15 m, RGM
569 261/1; 1.97-1.98 m, RGM 569 286a/1 (Eemian).
Gravity core T87/2/20G, 0.25-0.26 m, RGM 569 361/11
(Weichselian).

Gravity core T87/2/20G, sample 0.12-0.13 m, RGM 569
379/21 (sample lost); 0.11-0.12 m, RGM 569 386/7; 0.05-
0.06 m, RGM 569 400/6 (Holocene).

Bologna samples: CJ 72 I1I-21 (bottom), RGM 570 759/3;
CJ 72 1II-25 (top), RGM 570 547/17; CR 20, RGM 570
401/5; CR 33, MZB (ex RGM 569 805)/7; CR 34, RGM
570 683/14; CR 39, RGM 570 629/20; CR 42, RGM 570
374/30; CR 68, RGM 570 737/15; CR 70, RGM 570
575/20; ] 74-9, RGM 570 517 /many; ] 74-10, RGM 569
920/16; J 74-12, RGM 569 839/14; T74-55-6, RGM 570
926/18; T74-65-1, RGM 570 961/31; T74-65-2, RGM 570
906/11.

Discussion

The discovery of an as yet unknown larval shell of a
holoplanktonic species in an area so well investigated
as the Mediterranean is, to say the least, surprising. As
far as I have been able to establish the present species
has only once been referred to in literature (Kunz, 1996;
his nice SEM image of a specimen caught alive is repro-
duced here in Fig. 38), albeit erroneously identified as
Peracle reticulata. In all probability it is because of the
very small dimensions that this species has not been
noted before. Still, it is a not very rare occurrence, as is
clear from the ‘material examined’ listing, above.

This species is assigned to the genus Peracle with hesita-
tion, but the peculiar ornament of the nucleus was also
demonstrated, albeit less strongly developed, to occur
in other Peracle species by Kunz and is unknown in
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other Pseudothecosomata species. Once metamorphosis
of living specimens will be observed this genus assign-
ment might be reviewed.

In the present state of knowledge it cannot be excluded
that these are the larval shells of, for instance, Des-
mopterus papilio (see above), but there is not the slightest
indication to be found in literature acknowledging this.
The observation of Kunz (1996) demonstrates that this
species still lives in the southern Red Sea, from where,
by the way, Desmopterus papilio is also recorded (van der
Spoel, 1976, fig. 184). Should it be demonstrated that
this indeed is the larval shell of Desmopterus papilio, then
this species does certainly NOT belong to the Gymno-
somata, as was sometimes suggested (see above), be-
cause a sinistrally spiralised embryonic shell is not
known to occur in gymnosomes.

From all other Peracle species the present one differs by
its unusual small size, extremely rapidly widening body
whorl and the strong polygonal ornament on the rela-
tively large and spherical nucleus. Specimens were col-
lected most abundantly from the Eemian and in lower
numbers from the Weichselian and Holocene intervals
of core T87/2/20G, and also in several of the Bologna
bottom samples.

Clade Gymnosomata de Blainville, 1824
Superfamily Clionoidea Rafinesque, 1815
Family Pneumodermatidae Pelseneer, 1887

Note: Living specimens of Pneumoderma mediterraneum
(van Beneden, 1838) were recorded as not common near
Nice by Vérany (1853: p. 381). Steuer (1911: p. 728) re-
fers to observations by Meisenheimer (1905) and Gran-
dori (1910) of Adriatic specimens of that species. The
Mediterranean occurrence is acknowledged by van der
Spoel (1976: fig. 203), who excludes the extreme eastern
part of the basin.

Steuer (1911: p. 728) recorded a specimen of Prneumoder-
mopsis ciliata (Gegenbaur, 1855) from the Adriatic. Van
der Spoel (1976: fig. 187) includes the complete Medi-
terranean Sea in the distribution pattern of this species.

Family Clionidae Rafinesque, 1815

Note: ICZN (2006) has ruled that homonymy between
the family names Clionidae Rafinesque, 1815 (Mollusca)
and Clionidae d’Orbigny, 1851 (Porifera) is removed by
changing the spelling of the junior homonym, and that
the entire generic name Cliona Grant, 1826 (Porifera) is
used to form the name Clionaidae, leaving the stem of
the senior homonym (based on the name Clione Pallas,
1774, Mollusca) unchanged. See also Bouchet & Riitzler
(2003) and Willan et al. (2004).

Discussion

Lalli & Conover (1976) described the development of
gymnosomatous larvae of Paedoclione doliiformis Dan-
forth, 1907 and Clione limacina (Phipps, 1774) under
laboratory conditions and observed the various stages
of the larval shells. They described two distinctly differ-

ent shell areas, indicated as ‘embryonic shell’ and
‘postembryonic shell. A postlarval shell, or teleoconch,
according to these authors, is absent. In the two species
extensively described by them only these two shell por-
tions occur, but in at least two of the species encoun-
tered in the present material (Genus Clionidarum sp. 1
and sp. 2) a threefold development can be distinguished.
The ‘embryonic shell’, formed in the egg, is here indi-
cated as protoconch-1 and the following shell-part, col-
lar-shaped in the two species mentioned, is indicated as
protoconch-2. The postlarval shell, because of the pres-
ence of distinct growth lines I indicate as ‘early teleo-
conch’, although obviously this shell part is already
formed before metamorphosis of the larva (and see also
the discussion below under ‘beaked larva’). A well-de-
veloped real teleoconch is absent in Gymnosomata.

An extensive motivation for the use of the expression
‘Genus Clionidarum’, to be considered a name for a
‘collective group’ as meant in art. 1.2.1, 10.3 and 42.2.1
ICZN (1999), is given in Janssen (in press). In that paper
on Oligo-Miocene deposits of the central Mediterrane-
an, six new gymnosomatous species are introduced,
based on larval shells only. I hesitate, however, to do the
same in the present study. As the age of all specimens is
late Quaternary at the most it is almost certain that the
various gymnosomatous larval shells referred to herein
belong to extant species that are exclusively known as
adult, shell-less specimens. Actually, however, there is
no possibility to decide which larval shell type belongs
to which of the many described species. So, as argued
before, I maintain the indication ‘Genus Clionidarum’
and suggest to keep the numbering initiated herein as a
starting point for the indication of future finds of Qua-
ternary-Recent shells, until ultimately biologists succeed
in assigning the larval shells to the adults.

Genus Clionidarum sp. 1
(Fig. 55A-F)

Fiinfte Larvenart — Krohn, 1860: p. 12, pl. 1, figs 7, 8.

? Euclio polita (Pelseneer) — Menzies, 1958: p. 384, fig. 2e,
f (non Pelseneer).

? Clio polita Pelseneer — Vergnaud Grazzini & Herman
Rosenberg, 1969: p. 280, tab. 1 (non Pelseneer).

? Clio polita Pelseneer — Herman, 1971a: p. 614, 618 (non
Pelseneer).

Clio polita — Herman, 1971b: p. 475ff (non Pelseneer).

? Clio polita — Torelli & Buccheri, 1981: p. 178 (non Pels-
eneer).

Paedoclione doliiformis Danforth, 1907 — Grecchi, 1987: p.
299, figs 1, 2 (non Danforth).

Paedoclione doliiformis Danforth, 1907 — Grecchi & Bertol-
otti, 1988: p. 117, pl. 1, fig. 16, 17 (non Danforth).

Clio polita — Corselli & Grecchi, 1990: p. 93 (non Pelse-
neer).

Gymnosomata Typ 1 - Kunz, [1996]: p. 170, pl. 32, fig. 1
(partim, non fig. 2).

Gymnosomata sp. 1 — Janssen, 2007: p. 164, pl. 24, figs
4-7; pl. 25, fig. 1.

Gymnosomata sp. — Janssen, 2007b: p. 106, pl. 25, fig. 9.



Description

This species is characterized by a globose, dorso-ven-
trally slightly compressed protoconch-1, elliptical in
shape with a rounded tip and no surface ornament or
growth lines. After a clear constriction in which short
vertical crests are developed a somewhat swollen and
collar-shaped protoconch-2 follows on which very
vague growth lines start to develope. This part is sepa-
rated from an early teleoconch by a less clearly marked
constriction. On this latter shell part distinct growth
lines are present and a fine longitudinal ornament, con-
sisting of very fine incised, slightly irregular lines.
Height of these specimens is a bit variable but fluctu-
ates between 230 and 270 ym in specimens with a well-
developed early teleoconch as illustrated in Fig. 55A-F,
width of protoconch-1 is more constant around 155-170
um with a transverse diameter of 135-150 ym.

Material examined

Box core and beam trawl samples: Me 5/1, 19Ku, RGM
569 536/1.

Gravity core T87/2/20G, sample 2.81-2.82 m, RGM 569
077/2 (Saalian).

Gravity core 1T87/2/20G, sample 2.785-2.795 m, RGM
569 083/5; 2.36-2.37 m, RGM 569 142/1; 2.33-2.34 m,
RGM 569 161/1; 2.24-2.25 m, RGM 569 199/1; 2.21-2.22
m, RGM 569 221/5; 2.18-2.19 m, RGM 569 238/21; 2.16-
2.17 m, RGM 569 249/29; 2.14-2.15 m, RGM 569 259/8;
2.14-2.15 m, RGM 569 269/3; 2.03-2.04 m, RGM 569
280/21;1.97-1.98 m, RGM 569 289/15; 1.91-1.92 m, RGM
569 298/1; 1.79-1.80 m, RGM 569 301/1; 1.72-1.73 m,
RGM 569 3051/1; 1.72-1.73 m, RGM 569 311/16; 1.68-
1.69 m, RGM 569 321/34, RGM 569 321a, b /2, RGM
569 321c-f/4 (Fig. 55A-F); 1.61-1.62 m, RGM 569 327f/1;
1.60-1.61 m, RGM 569 328d/2 (Eemian).

Gravity core T87/2/20G, sample 0.25-0.26 m, RGM 569
362/11; 0.22-0.23 m, RGM 569 366m/7; 0.20-0.21 m,
RGM 569 3671/3; 0.19-0.20 m, RGM 569 368k/1; 0.17-
0.18 m, RGM 569 371/13; 0.16-0.17 m, RGM 569 374j/3;
0.14-0.15 m, RGM 569 375n/7; 0.12-0.13 m m, RGM 569
381/11; 0.05-0.06 m, RGM 569 403/2 (Holocene).
Bologna samples: CJ 72 I1I-20, RGM 570 418/28; CJ 72
I1I-21 (bottom), RGM 570 761/22; CJ 72 111-22, MZB (ex
RGM 570 656)/2; C] 72 11125 (top), RGM 570 548/6; CJ
72 111-27 (centre), RGM 570 705/many; CR 33, MZB (ex
RGM 569 806)/3; CR 42, RGM 570 375/20; CR 68, RGM
570 738/2; CR 70, RGM 570 576/6; ] 74-9, RGM 570
518/many; J 74-10, RGM 569 921/13; ] 74-12, RGM 569
840/8; T74-55-6, RGM 570 926/18; T74-65-1, RGM 570
962/many (>100); T74-65-2, RGM 570 907 /23.

Discussion

Specimens of Genus Clionidarum sp. 1 were repeatedly
recorded from the Mediterranean and considered to
represent protoconchs of the pteropod Clio polita. Such
records were all re-identified as Paedoclione doliiformis
Danforth, 1907, by Grecchi (1987) and Corselli & Grec-

chi (1990: p. 93), based on the papers of Lalli & Conover
(1973, 1976). Unfortunately, this cannot be correct, as
adult specimens of that species are unknown from the
Mediterranean. Paedoclione doliiformis has a very re-
stricted geographical distribution, limited to the NW
Atlantic off Connecticut (van der Spoel, 1976, fig. 220).
Additionally, there is a distinct morphological differ-
ence between shells of that species and the Mediterra-
nean/Red Sea material. The larval shell of P. doliiformis,
one of the very few that is identified specifically, differs
from Genus Clionidarum sp. 1 by the absence of the
collar-shaped protoconch-2. Growth lines develop right
after the constriction and a longitudinal microornament
is present (Lalli & Conover, 1976, figs 5, 6).

Genus Clionidarum sp. 2 resembles the present species
closely but differs constantly in its dimensions (see be-
low). Specimens from the Red Sea area described by
Kunz (1996) and Janssen (2007a) are completely identi-
cal. The same species was also collected in bottom sam-
ples from the central North Atlantic (RGM collection).
Herman (1971a, b) mentioned most probably this spe-
cies (as Clio polita) in low numbers from postglacial
sediments in the Levantine Basin. The specimen illus-
trated by Menzies (1958) most probably belongs to the
present species, as it is the most common one occurring
in bottom sediments. The primitive drawing, however,
does not exclude the possibility that in fact the next spe-
cies was encountered.

Corselli & Grecchi (1990: p. 93) acknowledged the fact
that the species frequently recorded as Clio polita in real-
ity belongs to the Gymnosomata and was also men-
tioned under the name of Paedoclione doliiformis

Genus Clionidarum sp. 2
(Fig. 55G-K)

Clio polita (MS Craven) Pelseneer, 1888 — Almogi-Labin
& Reiss, 1977: p. 9, pl. 1, fig. 9, pl. 2, figs 2-5 (non Pel-
seneer).

Clio polita (ms. Craven)(Pelseneer) — Buccheri & di Ste-
fano, 1984: p. 182, pl. 1, fig. 6 (non Pelseneer).
Protoconch of unknown gymnosomatous pteropod —
Biekart, 1989: pl. 1, fig. 3.

Description

This species resembles Genus Clionidarum sp. 1 closely,
but differs by its larger dimensions (H = 275-320 ym, W
= 195-235 um, dorso-ventral diameter = 170-175 um).
The two species are distinctly separated and easily dis-
tinguished when co-occurring in a larger sample. An-
other difference is found in the longitudinal ornament
of the early teleoconch, built up from very fine, irregu-
lar lirae, contrary to the incised lines as seen in Genus
Clionidarum sp. 1. This latter difference, however, is
only visible in SEM-images.

Material examined

Gravity core T87/2/20G, sample 2.47-2.48 m, RGM 569
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096/3; 2.42-2.43 m, RGM 569 112/6; 2.36-2.37 m, RGM
569 143/3; 2.33-2.34 m, RGM 569 162/4, RGM 569
162a/1 (Fig. 55G); 2.30-2.31 m, RGM 569 178/6; 2.24-
2.25 m, RGM 569 200/7, RGM 569 200a, b /2 (Fig. 55H-
]); 2.21-2.22 m, RGM 569 222/2; 2.18-2.19 m, RGM 569
239/2; 2.16-2.17 m, RGM 569 250/4; 2.14-2.15 m, RGM
569 260/2; 2.03-2.04 m, RGM 569 281/2; 1.91-1.92 m,
RGM 569 299/2; 1.79-1.80 m, RGM 569 302/1; 1.76-1.77
m, RGM 569 304f/1; 1.68-1.69 m, RGM 569 322/2; 1.65-
1.66 m, RGM 569 325/2 (Eemian).

Gravity core T87/2/20G, sample 1.43-1.44 m, RGM 569
332j/1; 0.55-0.56 m, RGM 569 351d/1; 0.45-0.46 m, RGM
569 353d/1; 0.25-0.26 m, RGM 569 363/1 (Weichselian).
Gravity core T87/2/20G, sample 0.18-0.19 m, RGM 569
369n/2; 0.17-0.18 m, RGM 569 372/2; 0.12-0.13 m m,
RGM 569 382/1; 0.05-0.06 m, RGM 569 404/3, RGM 569
404a/1 (Fig. 55K) (Holocene).

Bologna samples: C] 72 III-20, RGM 570 419/15; CJ 72
[I-21 (bottom), RGM 570 760/3; CJ 72 111-22, MZB (ex
RGM 570 657)/1; CJ 72 11I-25 (top), RGM 570 549/7; C]
72 11I-27 (centre), RGM 570 706/5 (sample lost); CR 33,
MZB (ex RGM 569 807)/2; CR 39, RGM 570 630/1; CR
70, RGM 570 577/9; J 73-29, RGM 570 441/1; J 74-9,
RGM 570 519/many; ] 74-12, RGM 569 841/2; T74-55-6,
RGM 570 927/2; T74-65-1, RGM 570 963/35; T74-65-2,
RGM 570 908/11.

Discussion

‘Gymnosomata Typ 1’, as illustrated by Kunz (1996: p.
170, pl. 32, fig. 2) from the Red Sea, resembles the
present species, but remains smaller (H = 235 ym) and
the early teleoconch part bears very regular annulations
crossed by similar irregular radial lirae as in Genus Clio-
nidarum sp. 2. Specimens illustrated by Almogi-Labin &
Reiss (1977) from sediment samples and cores taken
along the coast of Israel, obviously represent this spe-
cies, as is clear from the radial ornament on the teleo-
conch.

Genus Clionidarum sp. 3
(Fig. 56A-C)

Dritte Larvenart — Krohn, 1860: p. 10, pl. 1, fig. 5.
Gymnosomata Typ II - Kunz, [1996]: p. 172, pl. 32, fig. 3
(non fig. 4 = Genus Clionidarum sp. 4).

Description

Conical shells consisting of an ovoid protoconch-1 and
an elongate early teleconch, with an apical angle of c.
12-17° (average of 14.5°, n = 20). Large specimens reach
a shell height of 600 ym and a width at the aperture of
200 pym. The boundary between protoconch-1 and the
early teleoconch is formed by a clear, but not very deep
constriction, after which growth lines start. Height of
protoconch-1 varies between 120 and 140 ym and its
width between 100 and 120 (145) um, the latter value
reached by a single specimen only. The transverse di-
ameter of the shell is circular all over its height. On the
younger parts of the early teleconch a microornament

of very fine lirae is present (Fig. 56B), the number of
lirae increasing towards the apertural margin.

Material examined

Box core samples: Me51/3-562, DCS RGA511/2?
Gravity core T87/2/20G, sample 2.81-2.82 m, RGM 569
078/1 (Saalian).

Gravity core T87/2/20G, sample 2.785-2.795 m, RGM
569 084/1; 2.42-2.43 m, RGM 569 113/3; 2.36-2.37 m,
RGM 569 144/16; 2.33-2.34 m, RGM 569 163/2, RGM
569 163a, b /2 (Fig. 56A-C); 2.30-2.31 m, RGM 569 179/8;
2.24-2.25 m, RGM 569 201/5, RGM 569 301a-c/3; 2.21-
2.22 m, RGM 569 223/1; 2.18-2.19 m, RGM 569 240/5,
RGM 569 240a/1; 2.16-2.17 m, RGM 569 251/1; 1.97-1.98
m, RGM 569 290/1 (Eemian).

Gravity core T87/2/20G, sample 1.03-1.04 m, RGM 569
337e/1; 0.30-0.31 m, RGM 569 356h/1; 0.25-0.26 m,
RGM 569 364/1 (Weichselian).

Gravity core T87/2/20G, sample 0.05-0.06 m, RGM 569
405/1 (Holocene).

Bologna samples: CJ 72 III-27 (centre), RGM 570 707 /16;
] 74-9, RGM 570 520/25.

Discussion

The present specimens essentially resemble the larval
shell of Clione limacina, as illustrated by Lalli & Conover
(1976, tigs 7, 8), but differ by another shape of the early
teleoconch: elliptical in transverse section in C. limacina,
but circular in the present species, in which also the
height of the early teleoconch reaches considerably
larger dimensions. Furthermore the early teleoconch
has a distinctly smaller apical angle. Clione limacina, ac-
cording to van der Spoel (1976, fig. 221), is only present
in the westernmost parts of the Mediterranean. Speci-
mens resembling larval shells of that species were in-
deed not recognized in the present samples. Very simi-
lar, if not identical specimens were isolated from a bot-
tom sample, collected in the central North Atlantic (coll.
RGM 515 607).

Genus Clionidarum sp. 4
(Fig. 56D, E)

Cuvierina cf. columnella (Rang, 1827) — Grecchi & Berto-
lotti, 1988: p. 110, pl. 1, fig. 11 (non Rang).
Gymnosomata Typ II - Kunz, [1996]: p. 170, pl. 32, fig. 4
(partim, non fig. 3 = Genus Clionidarum sp. 3).
Gymnosomata Typ Ila sensu Kunz (1996) - Janssen,
2007a: p. 165, text-fig. 7 (after Kunz).

Description

Larval shell (H = 455 ym, W at aperture = 185 ym) con-
sisting of two clearly separated parts: a spherical, unor-
namented protoconch-1, followed by a conical early
teleoconch. The boundary between these parts is a dis-
tinct constriction (W = 93 um). Protoconch-1 is incom-
pletely preserved, but in the specimen illustrated by



Grecchi & Bertolotti (1988 the diameter is 140 um,
whereas Kunz (1996: p. 173) indicates a diameter of on-
ly 85 ym for a specimen from the Red Sea. What re-
mains of protoconch-1 in the specimen illustrated herein
has a diameter of 117 ym. Its early teleoconch is conical,
with an apical angle of 17° and a circular transverse sec-
tion. Rather regular transverse, slightly curved annula-
tions become more clearly developed towards the aper-
ture. Slightly irregular longitudinal lirae (Fig. 56E) de-
velop from the constriction upwards, covering the lower
one third part of the early teleoconch.

Material examined

Gravity core T87/2/20G, 2.21-2.22 m, RGM 569 224/1
(Fig. 56D, E) (Eemian).
Bologna samples: ] 74-9, RGM 570 598/2.

Discussion

Krohn (1860: pl. 1, figs 1, 4) illustrated two different
types of gymnosomatous larval shells that basically re-
semble the present specimens, but differ in details. In
his fig. 1 he illustrated a so-called ‘Erste Larvenart’, with
a shell height of 1125 ym, a spherical protoconch-1, no
clearly indicated protoconch-2 and a slender, regularly
annulated early teleoconch. No radial ornament is indi-
cated. The other species, Krohn’s fig. 4, with a query
indicated as ‘Zweite Larvenart’ also has a spherical pro-
toconch-1, followed by a longitudinally striated, collar-
shaped protoconch-2, after which an early teleoconch is
developed with a much wider apical angle than in the
first type, and very fine and regular transverse striation.
Both these types differ from the present specimens.
Grecchi & Bertolotti (1988) found 34 specimens of the
present species, erroneously identified as Cuvierina cf.
columnella, in Holocene and late Pleistocene samples of
core GC-18 (32° 32" 83” N 26° 50" 49” E), both in inter-
vals considered as ‘cold” and ‘warm’.

Genus Clionidarum sp. 5
(Fig. 39A-C)

Description

Very small larval shell (H c. 150 ym, W and dorso-ven-
tral diameter c. 110-115 ym) of not quite regular, spheri-
cal shape. A distinct constriction (W = 65 ym) separates
a short early teleoconch on which vague growth lines
are seen and, only in the illustrated specimen (Fig. 39A-
(), a low transverse swelling. The sides of the early
teleoconch enclose an angle of about 60°. The aperture
(W = c. 80 um) is irregularly circular to almost pentago-
nal. The central part of the apertural margin (in sup-
posed dorsal view, Fig. 39A) is slightly produced.

Material examined

Bologna samples: CR 39, RGM 570 631/1; ] 74-9, RGM
570 599/14, RGM 570 599a/1 (Fig. 39A-C).

Fig. 39. A-C. Genus Clionidarum sp. 5. Bologna-sample J74-9, lonian
Sea; RGM 570 599a. A. Dorsal view. B. Right lateral view. C. Apertural
view (a remnant of matrix is still sticking in the aperture). Bar length is
100 pm.

Fig. 39. A-C. Genus Clionidarum sp. 5. Campione di Bologna J74-9,
Mar lonio; RGM 570 599a. A. Vista dorsale. B. Vista laterale destra. C.
Vista apeturale (residui di sedimento sono ancora presenti all'interno
dell’apertura). Scala = 100 pm.

Discussion

To my knowledge nothing similar has ever been pub-
lished. I have been hesitating to consider it a gymno-
some larval shell and not, for instance, crustacean eyes
or so. The basic similarity, however, with the other gym-
nosomatous larval shells is striking: absence of orna-
ment on the spherical part, distinct constriction, appear-
ance of growth lines on the early teleoconch and also an
extremely thin shell wall.

Clade incertae sedis

‘Beaked larvae’ sensu van der Spoel & Newman, 1990
(Fig. 56F-])

Creseis chierchiae Boas — Menzies, 1958: p. 386, fig. 2C, D
(not 2E) (non Boas).

Creseis chierchine (Boas)? — Magaldi, 1977: p. 305, pl. 2,
fig. 20 (non Boas).

Creseis chierchine — Corselli & Grecchi, 1990: p. 99 (non
Boas).

Beaked larva — van der Spoel & Newman, 1990: p. 207,
figs 5a-d.

‘Beaked larvae’ sensu van der Spoel & Newman, 1990 —
Janssen, 2007a: p. 190, pl. 24, fig. 8a, b.

Description

Van der Spoel & Newman (1990).

Material examined

Gravity core T87/2/20G, sample 2.36-2.37 m, RGM 569
145/2 fragments, RGM 569 145a/1 fragment (Fig. 56G),
RGM 569 145b/1 fragment (Fig. 56F); 2.33-2.34 m, RGM
569 164/2, RGM 569 164a/1 (Fig. 56H, I); 2.30-2.31 m,
RGM 569 180/1 fragment; 2.18-2.19 m, RGM 569 234/1
fragment; 2.16-2.17 m, RGM 569 253/1; 2.03-2.04 m,
RGM 569 283/1 (Eemian).

Gravity core T87/2/20G, sample 0.05-0.06 m, RGM 569
406/1 (Fig. 56]) (Holocene).

Bologna samples: CR 20, RGM 570 403/3 fragments; ]
74-9, RGM 570 600/3 fragments.
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Discussion

The identity of the ‘beaked larva’, as it was named by
van der Spoel & Newman (1990), is still enigmatic. The
curious, sinusigera-like apertural structures distinguish
it from the gymnosome larvae described above, but
other characteristics, as e.g. the ornament-free proto-
conch-1, the distinct constriction separating the younger
shell-part with concentric and longitudinal ornament
do resemble some of the gymnosomes, especially the
one described as ‘Erste Larvenart’ by Krohn (1860). The
apertural structures, however, also visible in some of
the present specimens (Fig. 56G, J) make me retain the
provisional indication of ‘beaked larva’, even if van der
Spoel & Newman observed a bilobed velum and “inter-
stitial tissue indicating that the specimens are juvenile’.
In case that it will be concluded that these minute spec-
imens indeed represent one of the unknown gymno-
somatous larval shells it is evident that the slightly rein-
forced apertural margin with the ‘hooks’ indicates that
what is called an ‘early teleoconch” herein in fact is the
final stage of protoconch-2 and the shell part indicated
as such above for Genus Clionidarum sp. 1 and 2 is just
a part of protoconch-2.

Menzies (1958) reported this curious species alive, as
Creseis chierchiae, from a single station in the central
Mediterranean, where it occurred in 13 specimens per
1000 cubic meters of filtered water. Referring to Men-
zies’ erroneous identification, Corselli & Grecchi (1990:
p- 96) do not accept the validity of the name Creseis
chierchige in the Mediterranean and referred to van der
Spoel (1967), who considered this species to be the lar-
val shell part of Hyalocylis striata. See also above, in the
discussion of that species.

Veliger larvae of benthic species?
(Fig. 57A-F)

Veliger larva of unknown gastropod species? — Janssen,
2007a: p. 165, pl. 24, figs -7.

Veliger larva of benthic species? — Janssen, in press, fig.
69.

Description

See Janssen (2007a). In a SEM close up (Fig. 57B) of the
perforations present in the shells it can be seen that they
penetrate the shell wall completely and that their shape
is conical, basically resembling the perforations made
by naticids, although of course considerably smaller.

Material examined

Gravity core T87/2/20G, sample 2.73-2.74 m, RGM 569
0861/9; 2.67-2.68 m, RGM 569 087h/2; 2.59-2.60 m, RGM
569 091i/3; 2.54-2.55 m, RGM 569 092k/1; 2.47-2.48 m,
RGM 569 0950/35; 2.45-2.46 m, RGM 569 100j/2; 2.42-
2.43 m, RGM 569 119/29; 2.36-2.37 m, RGM 569 146a/6;
2.33-2.34 m, RGM 569 165h/3; 2.30-2.31 m, RGM 569
181i/1; 2.24-2.25 m, RGM 569 202g/4; 2.18-2.19 m, RGM
569 241/66, RGM 569 241a, b /2 (Fig. 57A-C); 2.16-2.17

m, RGM 569 252/40; 2.14-2.15 m, RGM 569 265/12;
2.14-2.15 m, RGM 569 270/76; 2.03-2.04 m, RGM 569
282/46;1.97-1.98 m, RGM 569 291/18; 1.76-1.77 m, RGM
569 304g/2; 1.72-1.73 m, RGM 569 305m/7; 1.72-1.73 m,
RGM 569 312/105, RGM 569 312a-c/3 (Fig. 57D-F); 1.68-
1.69 m, RGM 569 323/190; 1.65-1.66 m, RGM 569 326f/4;
1.61-1.62 m, RGM 569 327g/2 (Eemian).

Gravity core T87/2/20G, sample 1.53-1.54 m, RGM 569
330h/4; 1.48-1.49 m, RGM 569 331i/4; 1.43-1.44 m, RGM
569 332k /1 (Weichselian).

Gravity core T87/2/20G, sample 0.18-0.19 m, RGM 569
3690/2; 0.17-0.18 m, RGM 569 373n/3; 0.12-0.13 m,
RGM 569 383k/12; 0.11-0.12 m, RGM 569 389j/5; 0.095-
0.105 m, RGM 569 391i/1; 0.05-0.06 m, RGM 569 407f/4
(Holocene).

Bologna samples: C] 72 I1I-20, RGM 570 420/24; CJ 72
III-22, MZB (ex RGM 570 658)/5; CR 33, RGM 569
808/1; CR 42, RGM 570 376/1; CR 70, RGM 570 578/8;
] 74-9, RGM 570 521/20; T74-55-6, RGM 570 928/3; T74-
65-1, RGM 570 964 /c. 50; T74-65-2, RGM 570 909/16.

Discussion

The identity of these larval shells remains inscrutable.
Janssen (in press) describes completely similar speci-
mens from the Langhian (Miocene) of Malta and gives
some reactions on the identity of these specimens, re-
ceived from the world malacologists community
through the internet as follows: “Among the many reac-
tions not one was able to identify these specimens. Most
of the suggestions were Heterobranchia, with Pyra-
midellidae or Nudibranchia, as most probable groups.
The possibility of Nudibranchia was ruled out by Dr
Richard Willan (Museum and Art Gallery of the North-
ern Territory, Darwin, Australia). Dr Gary Rosenberg
(Academy of Natural Sciences, Philadelphia, US) also
suggested Pyramidellidae, with the perforations maybe
made by blue-green algae. An explanation for the ab-
sence of a teleoconch might be that the animals don't
start making that shell part until they encounter their
host’. Professor Carole Hickman (University of Califor-
nia, Museum of Paleontology, Berkeley, CA, USA) also
had a look at my SEM images and commented as fol-
lows: “Your specimens are most intriguing. I have never
seen anything like them before. The sinusigera aperture
suggests two things: (1) It is a Caenogastropod, (2) It is
a larval shell of something that has not yet metamor-
phosed. Is it possible that the pitted portion of the lar-
val shell is covered by early post-metamorphic growth
of a benthic juvenile? The pitting is interesting for at
least four reasons: (1) It is not present initially, (2) There
is no axial component to the pattern, and the spiral pat-
terns are not highly organized, (3) The pits appear to
penetrate the entire shell - at least in Fig. 57B —, and (4)
In fig. 1a, the pitting was interrupted twice by breakage
and shell repair. It is organized differently after the first
breakage and never reappears after the second break-
age. The pitting that I have observed in benthic micro-
gastropods is shallow and very well organized — appar-
ently under very strong biological control. What about



some form of infestation by another organism — attach-
ment of hydroids?’.

Ahuva Almogi Labin (in litt., 2012) sampled this species
alive and common in the Gulf of Aqaba, but did not
observe the perforations in fresh specimens. Klaus Ban-
del (in litt. 2009) caught living specimens from the
southern Red Sea and Gulf of Aden, and in his speci-
mens the perforations were present indeed.

Biostratigraphical notes based on gravity
core T87/2/20G

Biostratigraphical conclusions are only possible from
the species distribution in the gravity core, as from all
other samples depth below sea bottom is unknown. A
species range chart of the gravity core is presented in
Tab. 3a, b. The chronology is based on planktonic Fo-
raminifera analyses (van Rijckevorsel, 1988, section 3;
Weltje, 1988, sections 1 and 2).

Saalian (2.81-2.82 m)

Only the lowermost sample, just below sapropel S5, is
dated as Saalian. It is relatively rich in species (19), but
poor in specimens (124), among which only a single
specimen of Limacina retroversa.

Eemian (1.60 — 2.795 m)

In the basal sample of sapropel S5 the number of speci-
mens increases to 1494, but they represent only 11 spe-
cies, among which high numbers of Atlanta sp. (267),
Heliconoides inflata (795), Limacina lesueurii (370) and, to
a lesser degree, Diacria trispinosa (40). Both Limacina re-
troversa and L. trochiformis are absent in this sample. In
the overlying six samples within S5 the number of spec-
imens decreases upward and the number of species re-
mains between 6 and 11 only.

The interval between S5 and 54 (2.21-2.48 m) is the rich-
est part of the section, both in number of species (in-
creasing to 27) and number of specimens (with a maxi-
mum of 2122 in sample 2.42-2.43 m. Among the repre-
sented species are ‘typical’ warmer water indicators,
like Heliconoides inflata and Limacina trochiformis, as well
as surprisingly many juveniles of Cuvierina sp. Limacina
retroversa still is absent.

The two samples representing the S4 sapropel (2.16 —
2.19 m) yielded together 2186 specimens, belonging to
22 and 25 species. Especially juvenile Atlanta specimens,
Heliconoides inflata and Limacina trochiformis are found in
high numbers, still pointing to favorable conditions.
Between the S4 and S3 sapropels (1.72 — 2.15 m) the
numbers of specimens (varying between 35 and 577 per
sample) and species (between 7 and 19) decrease, but
still with relative high numbers of the ‘warm” species.
Cuvierina sp. is only present with 5 protoconchs in the
lowermost sample, its last occurrence in this core. A sin-
gle specimen of Limacina retroversa is found in sample
2.09 -2.10 m.

In the two lower samples of the three representing the
S3 sapropel (1.65 — 1.71 m) the number of specimens
increases again, but the composition of the assemblage
remains similar (13 to 15 species per sample), with rela-
tively high numbers of Atlanta sp. and Heliconoides in-
flata. Striking is a sudden increase of ‘veliger larvae’.
The top sample of S3 (1.65 — 1.66 m) demonstrates a
dramatic reduction, both in number of specimens (132)
and number of species (8), which tendency is continued
in the two Eemian samples overlying S3 (1.60 — 1.62 m),
with only 4-7 species and 10-18 specimens.

Weichselian (0.26 - 1.59 m)

In this interval the number of species and specimens
per sample is strongly reduced. The ‘warm” water indi-
cator Heliconoides inflata is present in very low numbers
in the basal part (0.87 - 1.59 m, with a maximum of
only 18 specimens in sample 1.43 — 1.44 m. It reappears
in the topmost two Weichselian samples. In the same
interval in which H. inflata practically disappears, the
‘cold” water indicator Limacina retroversa appears in
most samples between 0.30 and 0.94 m, but with very
low numbers (0-8) per sample only. The species Clio py-
ramidata, relatively common during the Eemian inter-
val, occurs in very few specimens in the lower Weichse-
lian parts, but increases a bit towards the top again.

Holocene (0.05 - 0.23 m)

The three basal samples, below sapropel S1, show simi-
lar species distributions as the top Weichselian sample
(number of species 11-13, number of specimens 114-
272). Heliconoides inflata is back in much higher num-
bers, Limacina bulimoides increases markedly in numbers
and Diacria trispinosa also is present again, all of these
facts pointing to higher water temperatures.

That trend is continued during deposition of S1 and in
the three samples overlying S1. The number of species
per sample is between 10 and 18, with a maximum of 22
in the topmost sample. Also juvenile Cavolinia sp. is
present again, after almost complete disappearance
during the Weichselian, and the same is true for Protat-
lanta souleyeti. Firoloida desmarestia, hardly noted in the
lower parts of the section, is present in all samples be-
tween 0.05 and 0.18 m.

A comparison with van Straaten’s (1966) core 309, taken
in the SE Adriatic Sea, demonstrates substantial differ-
ences. That core, reaching a depth of more than 5 m be-
low seabottom, was subdivided on the basis of mollus-
can assemblages into six ‘stages’, the lowermost of
which, covering a thickness of 144 cm, is characterized
by a strong predominance of Limacina retroversa. In his
conclusions van Straaten interpreted this assemblage as
‘the coldest period of the late Pleistocene’. This agrees
more or less with the occurrence of L. retroversa in core
T87/20/20G, interval 30-94 cm below sea bottom, the
later part of the Weichselian. The higher ‘stages’ of van
Straaten are not clearly recognizable in this core, as ap-
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parently sedimentation rate in the Adriatic has been
considerably higher. Although almost continuously
present in the said interval L. retroversa by no means
reaches the number of specimens as recorded for the
Adriatic. The few specimens found during the Holocene
interval (at 18-21 cm below sea floor) could easily be
explained by activities of burrowing organisms. The
fact, however, that L. retroversa is commonly present in
several of the other bottom samples analyzed for this
study indicates that the Holocene cover of the sea bot-
tom locally is rather thin and that late Pleistocene sedi-
ments are frequently touched by simple dredging.

Conclusions

In the present study holoplanktonic molluscs of 62 bot-
tom samples (box core, beam trawl and ‘dredge” sam-
ples) from the eastern Mediterranean were analyzed. Of
a single gravity core, split in 71 samples of cm-size, the
sieving fractions < 0.6 mm were also evaluated. The to-
tal number of species found in all samples together is
48 (Pterotracheoidea 11, Janthinidae 2, Limacinoidea 5,
Cavolinioidea 16, Cymbulioidea 8, Gymnosomata 4, in-
certae sedis 2), 31 of these were also demonstrated in the
gravity core samples.

As the stratigraphical provenance of all bottom samples
(depth below sea bottom) is unknown, results obtained
from their residues only give information on which spe-
cies have been present in the roughly estimated interval
“late Pleistocene to Holocene, Recent included’. As the
numerous samples of the gravity core were previously
dated on the basis of planktonic Foraminifera, compris-
ing the interval of latest Saalian to Holocene, more de-
tailed information on the vertical distribution of the
species could be obtained. Results acknowledge in gen-
eral the usual interpretation of the pteropod Limacina
retroversa, occurring in assemblages poor in species, be-
ing an indicator species for cooler periods, and species
like Atlanta spp., Heliconoides inflata, Limacina trochiformis
accompanied by a much larger number of additional
species, marking periods of higher water temperatures.
Construction of a ‘palaeoclimatological curve’, as done
by numerous earlier authors, was not attempted.

In the systematic part a neotype is designated for At-
lanta keraudrenii Lesueur, 1817, and a lectotype for Steira
lamanoni Eschscholtz, 1825, making both taxa to junior
synonyms of Atlanta peronii Lesueur, 1817. Clio pyrami-
data f. tyrrhenica nov. {. is introduced. For many species
morphological details are discussed and many ques-
tions concerning systematics and/or nomenclature are
discussed, in many cases also related to the desired po-
sition of a taxon at species, subspecies, or infraspecific
level. In most of these questions the present author
maintains a conservative point of view, anticipating and
looking forward to future molecular work.
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Tab. 3a. Higher part of gravity core T87/2/20G, range chart and numbers of specimens per sample.

Tab. 3a. Parte superiore del carotaggio T87/2/20G, distribuzione delle specie e numero di esemplari per campione.
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lonian Sea

Tyrrhenian Sea

Localities
Corsaro 2006 Bannock 1972 Bannock 1973-1974 Bannock 1974
8§ § § § § § ¢ 7 v g 2

. s 5 2 o ° ~ n v omomale g e o2 28 8 8 8 8
Atlanta brunnea 5 . 3 1 16 8 38 8 1 10 4 2 kal 4 m 40
Atlanta helicinoidea . " 1 4 . 2
Atlanta lesueurii 5 5 .om m 5 m - . . . 1 . . . . . . .. .
Atlanta peronii % 7 7 9 m 684 m 33 m N 1 40 1 m 4 39 2 m m 2 20
Atlanta selvagensis m 11 5 m m m m m .oom 24 . m 19 m 30 62 m m m
Atlanta sp. . 18 . .- .om m P m .
Oxygyrus inflatus 2 2 4 1 25 16 30 4 1" 3 1 25 1 5 1 40 13
Protatlanta souleyeti 25 8 20 m m m m 16 m 30 27 m 4 16 - 16 35
Firoloida desmarestia 28 1 23 m m m m m m m m m 26 m 12 1 m m
Pterofrachea sp. 1 7 6 24 30 12 10 1 1 4 m 10 4 7 9
Pterofrachea sp. 2 . 1 B . - - - . . . .on . . . . - . .
Carinaria lamarckii 40 1M1 17 1M1 m 40 m m 16 m 14 42 m 1 m 2 35 23 m 50 2 1
Janthina sp. PR 1 .4 o - . - .1 2 2 .
Heliconoides inflata m m m m m m m m m m m m m 1 200 m m m m m m 2
Limacina bulimoides m 21 30 .oom 8 m m 29 m . 3 10 7T n L 40 m 5 .
Limacina retroversa m m m 2 2 m m 30 P 4 .oom m m m 1 6 30 m m . m m 50
Limacina trochiformis 18 9 .. 19 m 45 m 20| 20 m 23 . 25 3 . m 4 22 40 50 .
Creseis clava m 8 258 m m 42 m m | 30 36 28 . 13 30 1 m 4 35 . om m 1
Creseis conica m S 5 m m m m m| 45 m m . 25 19 1 m 15 50 2 m m
Hyalocylis striata 4 5 1 320 1 13 2 1 43 3 1
Hyalocylis striata f. obtusa - . “ - s - 1 - .. .
Styliola subula m m m m m m m m m m m m 24 3 m m m m 11 m
Clio cuspidata M 17 1M1 om m m 15 9 21 19 1 7 1 1 m 17 35 19 4
Clio oblonga . . . - . . . . . - . . . 7 . 2 . 5
Clio pyramidata f. lanceolata m m m m m m m m m m m m m m M0 15 m m 30 m .oom m 6 m
Clio pyramidata f. tyrrhenica m m 7 14
Clio polita . .- - - 1 -
Cavolinia gibbosa f. gibboides B LI R 14 3 2 .12 1 . -
Cavolinia inflexa f. imitans 3 3 3 8 3 m 15 2 1 5 m 6 701 3 m
Cavolinia tridentata w1 - - ” B - 10 - - 2 2 1 " 2 1 1 1 10
Cavolinia sp. (protoconchs) m 23 16 30 m 45 m 21 5 8 14 m 7 17 m a9 50 . m 18
Diacria trispinosa 9 " . 3 1 5 27 5 1 1 1 2 m 4 2 . 1 m 3 2 1
Cymbulia sp. 1 2 4 6 14 1 1 1 m 5 .
Cymbulia sp. 2 5 . . 8 - - e - - = - .2
Gleba cordata 7 . 1M1 10 m m m m| 35 40 7 .12 m 1 m 8 8 m m
Peracle diversa 12 . 23 5 2 2 1 7 16 1 5 1
Peracle elata 2 5 .
Peracle moluccensis - - - . . . - .- . . ” ” - - . 1
Peracle reticulata 5 5§ 11 6 m 35 m 5 15 2 8 2 m 1 9 2 16 8
Peracle? sp. 5 7 14 20 30 15 20 . 3 - 17 . m 16 14 18 31 1
Genus Clionidarum sp. 1 3 . 20 2 6| 28 22 2 6 m . m 13 8 18 m 23
Genus Clionidarum sp. 2 2 1 9] 1 3 1 7 5 1 m 2 2 3 1"
Genus Clionidarum sp. 4 . 2
Genus Clionidarum sp. 5§ 1 15
beaked larvae 3 . . - [ . 3 .
veliger larvae of benthic species? 1 1 8| 24 . 5 20 3 50 16
number of species per sample 26 22 30 24 31 31 31 29|17 27 219 6 27 23 2 6 14 38 21 30 2| 17 27 33 9 12

Tab. 5. Bologna samples. Numbers of specimens per sample, total number of species per sample (m = > 100).

Tab. 5. Campioni di Bologna. Numero di esemplari per campione, numero totale di specie per campione (m = > 100).




Fig. 40. A-E. Atlanta brunnea J.E. Gray, 1850. A-D. Meteor 25, sta 37, Kg 1, RGM 541 608a. A. Oblique apical view. B. Nucleus of protoconch
magnified. C. Detail of middle protoconch whorl. D. Boundary between proto- and teleoconch. E. Core T87/2/20G, 2.36-2.37 m, RGM 569 120g;
protoconch, apertural view. F-H. Atlanta sp. Core T87/2/20G, sample 2.36-2.37 m, RGM 569 121a-c; protoconchs, apertural views. . Core T87/2/20G,
sample 2.24-2.25 m, RGM 569 183; protoconch, apertural view. F-l most probably all belong to A. selvagensis.

Fig. 40. A-E. Atlanta brunnea J.E. Gray, 1850. A-D. Meteor 25, stazione 37, Kg 1, RGM 541 608a. A. Vista apicale obliqua. B. Dettaglio di nucleo e
protoconca. C. Dettaglio di una porzione intermedia della protoconca. D. Limite protoconca-teleoconca. E. Carota T87/2/20G, 2.36-2.37 m, RGM 569
120a; protoconca, vista aperturale. F-H. Atlanta sp. Carota T87/2/20G, campione 2.36-2.37 m, RGM 569 121a-c; protoconche, viste aperturali. .
Carota T87/2/20G, campione 2.24-2.25 m, RGM 569 183; protoconca, vista aperturale. Gli esemplari delle figure F-I molto probabilmente apparten-
gono tutte ad A. selvagensis.

Abojoydiow ‘s311ewS}sAS :eaS UBSURLIDMPS|A UJIS1SES 9y} JO s9|dwes wolloq wouy (epodoiisen) easn|jojN diuopjue|dojoy 1usdsy 0} Aleulsien() 93e

79



>
=,
)
—
[
S
(%)
w
0]
S

Fig. 41. A-R. Atlanta selvagensis de Vera & Seapy, 2006. Meteor 25, sta 37 Kg 1; RGM 541 611e-j; A-F. No spiral elements. G-L. Weak spirals. M-R.
Strong spirals. Left: apical views, middle: oblique apical views, right: protoconchs magnified.

Fig. 41. A-R. Atlanta selvagensis de Vera & Seapy, 2006. Meteor 25, stazione 37 Kg 1; RGM 541 611e-j; A-F. Senza elementi spirali. G-L. Con de-
boli elementi spirali. M-R. Con forti elementi spirali. Sinistra: viste apicali, centro: vedute apicali oblique, destra: dettaglio della protoconca.




Fig. 42. A, B. Atlanta lesueurii J.E. Gray, 1850. Meteor 25 sta 37 Kg 1; RGM 541 609a; A. Apical view, B. Oblique apical view, magnified. C, D.
Atlanta peronii Lesueur, 1817. Meteor 25 sta 37 Kg 1; RGM 541 610a. C. Apical view, D. Protoconch magnified. E-H. Oxygyrus inflatus Benson, 1835.
E, F. Meteor 25 sta 37 Kg 1; RGM 541.612a-b. E. Apical view. F. Juvenile specimen, umbilical view. G, H. Core T87/2/20G, sample 2.33-2.34 m; RGM
569 148a. G. Very juvenile specimen showing nucleus, apertural view. H. Nucleus of protoconch, magnified.

Fig. 42. A, B. Atlanta lesueurii J.E. Gray, 1850. Meteor 25 stazione 37 Kg 1; RGM 541 609a; A. Vista apicale, B. Dettaglio apicale. C, D. Atlanta
peronii Lesueur, 1817. Meteor 25 stazione 37 Kg 1; RGM 541 610a. C. Vista apicale. D. Dettaglio apicale. E-H. Oxygyrus inflatus Benson, 1835. E, F.
Meteor 25 stazione 37 Kg 1; RGM 541.612a-b. E. Vista apicale. F. Esemplare juvenile, vista umbilicale. G, H. Carota T87/2/20G, campione 2.33-2.34
m; RGM 569 148a. G. Esemplare molto immature mostrante il nucleo, vista aperturale. H. Dettaglio del nucleo.

—
Q
—
(]

o
c
Q
—
[0°]
=
>
Q
=

<
—
o]
Y
9]
)
[0°]
S
=3
>
=5
o

=X
Y]
>
~
=
]
=3
)
<
<3
=
@
Ia)
Q

—
[a)
Q
w
—
=
o

el
o]
o
Q

=
—
=
]
3
o
]
—
—
]
3
©
Y]
3
=5
o]
w
o]
=
—
>
[¢°]
(0]
Jo3]
“n
—
[0°]
=
>
<
9]
[oN
=
"]
=
3
Q
>
@
oY)
S
w
(0]
Q
wv
<
A
=
™
3
Q
=
0
kg
3
]
=
el
>
=5
o

(o]

<




uassuef ‘A auy

82

Fig. 43. A, B. Oxygyrus inflatus Benson, 1835. Core T87/2/20G, sample 2.03-2.04 m, RGM 569 272a. A. Apical view. B. Apical view, magnified. C-H.
Protatlanta souleyeti (Smith, 1888). Meteor 25, sta 37, Kg 1, RGM 541 613a-c. C. Oblique apical view. D. The same, magnified. E. Umbilical view. F.
Core T87/2/20G, sample 2.21-2.22 m, RGM 569 205a; juvenile, apertural view. G. Core T87/2/20G, sample 0.25-0.26 m, RGM 569 357a; juvenile,
apertural view. H. Meteor 25, sta 37, Kg 1, RGM 541 613a-c; adult, apertural view.

Fig. 43. A, B. Oxygyrus inflatus Benson, 1835. Carota T87/2/20G, campione 2.03-2.04 m, RGM 569 272a. A. Vista apicale. B. Dettaglio apicale. C-H.
Protatlanta souleyeti (Smith, 1888). Meteor 25, stazione 37, Kg 1, RGM 541 613a-c. C. Vista apicale obliqua. D. Dettaglio apicale. E. Vista umbilicale.
F. Carota T87/2/20G, campione 2.21-2.22 m, RGM 569 205a; esemplare juvenile, vista aperturale. G. Carota T87/2/20G, campione 0.25-0.26 m, RGM
569 357a; esemplare juvenile, vista aperturale. H. Meteor 25, stazione 37, Kg 1, RGM 541 613a-c; esemplare adulto, vista aperturale.



Fig. 44. A-C. Firoloida desmarestia Lesueur, 1817. A, B. Core T87/2/20G, sample 0.095-0.105 m, RGM 569.390a-b. A. Semiadult, apertural view. B.
Juvenile, apertural view. C. Core T87/2/20G, sample 0.05-0.06 m, RGM 569.3943; juvenile, apertural view. D-F. Pterotrachea sp. 1. D. Core T87/2/20G,
sample 2.24-2.25 m, RGM 569.1863; juvenile, apical view. E, F. Core T87/2/20G, sample 2.42-2.43 m, RGM 569.104a-b; fully grown larval shells. E.
Apical view. F. Apertural views. G, H. Pterotrachea sp. 2, fully grown larval shells. G. Core T87/2/20G, sample 2.18-2.19 m, RGM 569.228; apical view.
H. Core T87/2/20G, sample 2.42-2.43 m, RGM 569.105a; umbilical view.

Fig. 44. A-C. Firoloida desmarestia Lesueur, 1817. A, B. Carota T87/2/20G, campione 0.095-0.105 m, RGM 569.390a-b. A. Esemplare sub-adulto,
vista aperturale. B. Esemplare juvenile, vista aperturale. C. Carota T87/2/20G, campione 0.05-0.06 m, RGM 569.394a; esemplare juvenile, vista aper-
turale. D-F. Pterotrachea sp. 1. D. Carota T87/2/20G, campione 2.24-2.25 m, RGM 569.186a; esemplare juvenile, vista apicale. E, F. Carota T87/2/20G,
campione 2.42-2.43 m, RGM 569.104a-b; conchiglia larvale a piena crescita. E. Vista apicale. . Viste aperturali. G, H. Pterotrachea sp. 2, conchiglia
larvale a piena crescita. G. Carota T87/2/20G, campione 2.18-2.19 m, RGM 569.228; vista apicale. H. Carota T87/2/20G, campione 2.42-2.43 m,
RGM 569.105a; vista umbilicale.
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Fig. 45. A-G. Carinaria lamarckii de Blainville, 1817. A, B. Meteor 25, sta 37, Kg 1, RGM 541.614a; juvenile specimen. A. Apical view. B. Protoconch
magnified. C, D. Core T87/2/20G, sample 2.36-2.37 m, RGM 569.126a; protoconch. C. Apical view. D. Nucleus and first whorl magnified. E-G. Core
T87/2/20G, sample 1.68-1.69 m, RGM 569.314b-c; protoconchs. E. Apical view. F. Nucleus and first whorl magnified. G. Umbilical view. H. Janthina
janthina (Linné, 1758)?, Meteor 25, sta 37, Kg 1, RGM 541.616; protoconch.

Fig. 45. A-G. Carinaria lamarckii de Blainville, 1817. A, B. Meteor 25, stazione 37, Kg 1, RGM 541.614a; esemplare juvenile. A. Vista apicale. B.
Dettaglio della protoconca. C, D. Carota T87/2/20G, campione 2.36-2.37 m, RGM 569.126a; protoconca. C. Vista apicale. D. Dettaglio del nucleo e
del primo giro. E-G. Carota T87/2/20G, campione 1.68-1.69 m, RGM 569.314b-c; protoconca. E. Vista apicale. F. Dettaglio del nucleo e del primo
giro. G. Vista umbilicale. H. Janthina janthina (Linné, 1758)?, Meteor 25, stazione 37, Kg 1, RGM 541.616; protoconca.




Fig. 46. A, B. Heliconoides inflata (d'Orbigny, 1834). Core T87/2/20G, sample 2.24-2.25 m, RGM 569.189b-c; apertural views. C-F. Limacina buli-
moides (d'Orbigny, 1834). C-E. Core T87/2/20G, sample 0.13-0.13 m, RGM 569.378a-b. C. Apertural view. D. Apical whorls magnified. E. Nucleus
magnified. F. Juvenile specimen, apertural view. G, H. Limacina lesueurii (d'Orbigny, 183). Core T87/2/20G, sample 2.785-2.795 m, RGM 569.081b.
G. Apertural view. H. Umbilical views.

Fig. 46. A, B. Heliconoides inflata (d'Orbigny, 1834). Carota T87/2/20G, campione 2.24-2.25 m, RGM 569.189b-c; vista aperturale. C-F. Limacina
bulimoides (d'Orbigny, 1834). C-E. Carota T87/2/20G, campione 0.13-0.13 m, RGM 569.378a-b. C. Vista aperturale. D. Dettaglio dei giri apicali. E.
Nucleo. F. Esemplare juvenile, vista aperturale. G, H. Limacina lesueurii (d'Orbigny, 183). Carota T87/2/20G, campione 2.785-2.795 m, RGM 569.081b.
G. Vista aperturale. H. Vista umbilicale.
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Fig. 47. A. Limacina retroversa (Fleming, 1823). Core T87/2/20G, sample 0.93-0.94 m, RGM 569 3393, juvenile; apertural view. B-E. Limacina tro-
chiformis (d'Orbigny, 1834). B, C. Meteor 25, sta 37, Kg 1, RGM 541.618a-b, juveniles, apertural views. D, E. Core T87/2/20G, sample 2.36-2.37 m,
RGM 569 128a-b, juveniles; apertural views. F-J. Creseis conica Eschscholtz, 1829. F. Core T87/2/20G, sample 2.36-2.37 m, RGM 569 129a, proto-
conch. G-l. Meteor 25, sta 37, Kg 1, 3 June 1993, RGM 541 620a-b; G. Frontal view. H. Lateral view. I. Protoconch magnified. J. Core T87/2/20G,
sample 2.36-2.37 m RGM 569 130a; protoconch.

Fig. 47. A. Limacina retroversa (Fleming, 1823). Carota T87/2/20G, campione 0.93-0.94 m, RGM 569 339a, esemplare juvenile; vista aperturale. B-E.
Limacina trochiformis (d'Orbigny, 1834). B, C. Meteor 25, stazione 37, Kg 1, RGM 541.618a-b, esemplari juvenili, viste aperturali views. D, E. Carota
T87/2/20G, campione 2.36-2.37 m, RGM 569 128a-b, esemplari juvenili; viste aperturali. F-J. Creseis conica Eschscholtz, 1829. F. Carota T87/2/20G,
campione 2.36-2.37 m, RGM 569 129a, protoconca. G-l. Meteor 25, stazione 37, Kg 1, 3 June 1993, RGM 541 620a-b; G. Vista frontale. H. Vista
laterale. I. Dettaglio della protoconca. J. Carota T87/2/20G, campione 2.36-2.37 m RGM 569 130a; protoconca.



Fig. 48. A-L. Hyalocylis striata (Rang, 1828). A, B. Meteor 25, sta 37, Kg 1, RGM 541.621a-b. A. Ventral view. B. Left lateral view. C-G. Forma ob-
tusa Di Geronimo, 1974. Meteor 25, sta 37, Kg 1, 3 June 1993, RGM 541.622a-c. C. Apical shell part. D. Right lateral view. E. Apical shell part
maghnified. F. Right lateral view. G. Apical shell part magnified. H. Protoconch, core T87/2/20G, sample 2.21-2.22 m, RGM 569.212a. 1. Protoconch,
core T87/2/20G, sample 2.30-2.31 m, RGM 569.171a. J. Protoconch, core T87/2/20G, sample 2.24-2.25 m, RGM 569.191a. K. Protoconch, core
T87/2/20G, sample 2.36-2.37 m RGM 569.131a. L. Protoconch, core T87/2/20G, sample 2.42-2.43 m, RGM 569.109a.

Fig. 48. A-L. Hyalocylis striata (Rang, 1828). A, B. Meteor 25, stazione 37, Kg 1, RGM 541.621a-b. A. Vista ventrale. B. Vista laterale sinistra. C-G.
Forma obtusa Di Geronimo, 1974. Meteor 25, stazione 37, Kg 1, 3 Giugno 1993, RGM 541.622a-c. C. Porzione apicale. D. Vista laterale destra. E.
Dettaglio della porzione apicale. F. Vista laterale destra. G. Dettaglio della porzione apicale. H. Protoconca, carota T87/2/20G, campione 2.21-2.22 m,
RGM 569.212a. I. Protoconca, carota T87/2/20G, campione 2.30-2.31 m, RGM 569.171a. J. Protoconca, carota T87/2/20G, campione 2.24-2.25 m,
RGM 569.191a. K. Protoconca, carota T87/2/20G, campione 2.36-2.37 m RGM 569.131a. L. Protoconca, carota T87/2/20G, campione 2.42-2.43 m,
RGM 569.109a.
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Fig. 49. A. Styliola subula (Quoy & Gaimard, 1827). Core T87/2/20G, sample 2.18-2.19 m, RGM 569.230a, protoconch. B-D. Cuvierina (s. lat.) sp.
Protoconchs, core T87/2/20G, sample 2.36-2.37 m, RGM 569.132a-c. E-l. Clio (Bellardiclio) cuspidata (Bosc, 1802). E-G. Core T87/2/20G, sample
2.33-2.34 m, RGM 569.155a. E. Protoconch and early teleoconch. F. Apical spine magnified. G. Microornament at the transition of protoconch and
teleoconch. H, 1. Core T87/2/20G, sample 2.21-2.22 m, RGM 569.215a. H. Protoconch. I. Apical spine magnified. J-L. Clio (Clio) pyramidata Linné,
1767, protoconchs. J, K. Core T87/2/20G, sample 2.36-2.37 m, RGM 569.134b-c. L. Core T87/2/20G, sample 2.36-2.37 m, RGM 569.134a.

Fig. 49. A. Styliola subula (Quoy & Gaimard, 1827). Carota T87/2/20G, campione 2.18-2.19 m, RGM 569.230a, protoconca. B-D. Cuvierina (s. lat.)
sp. Protoconche, carota T87/2/20G, campione 2.36-2.37 m, RGM 569.132a-c. E-l. Clio (Bellardiclio) cuspidata (Bosc, 1802). E-G. Carota T87/2/20G,
campione 2.33-2.34 m, RGM 569.155a. E. Protoconca e teleoconca iniziale. F. Dettaglio della spina apicale. G. Microscultura alla transizione proto-
conca-teleoconca. H, I. Carota T87/2/20G, campione 2.21-2.22 m, RGM 569.215a. H. Protoconca. I. Dettaglio della spina apicale. J-L. Clio (Clio)
pyramidata Linné, 1767, protoconche. J, K. Carota T87/2/20G, campione 2.36-2.37 m, RGM 569.134b-c. L. Carota T87/2/20G, campione 2.36-2.37

m, RGM 569.134a.




Fig. 50. A-D. Cavolinia sp. Core T87/2/20G, sample 2.36-2.37 m, RGM 569135a-b. A. Protoconch, dorsal view. B. Tip of protoconch magnified. C.
Protoconch, left lateral view. D. Tip of protoconch magnified. E-H. Diacria trispinosa (Blainville, 1821). Core T87/2/20G, sample 2.785-2.795 m RGM
569 082a-b. E. Protoconch, lateral view. F. Protoconch magnified. G. Protoconch, frontal view. H. Protoconch magnified.

Fig. 50. A-D. Cavolinia sp. Carota T87/2/20G, campione 2.36-2.37 m, RGM 569135a-b. A. Protoconca, vista dorsale. B. Dettaglio dell’apice della
protoconca. C. Protoconca, vista laterale sinistra. D. Dettaglio dell’apice della protoconca. E-H. Diacria trispinosa (Blainville, 1821). Carota T87/2/20G,
campione 2.785-2.795 m RGM 569 082a-b. E. Protoconca, vista laterale. F. Dettaglio della protoconca. G. Protoconca, vista frontale. H. Dettaglio
della protoconca.
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Fig. 51. A-G. Cymbulia sp. 1. A-E. Core T87/2/20G, sample 1.68-1.69 m. RGM 569.318a-d. A. Apertural view. B. Apical view. C. Nucleus magnified.
D. Apertural view. E. Apical view. F, G. Core T87/2/20G, sample 2.81-2.82 RGM 569.074. F. Apertural view. G. Apical view. H-L. Cymbulia sp. 2. H.
Core T87/2/20G, sample 2.36-2.37 m, RGM 569.140a; apical view. I-K. Core T87/2/20G, sample 2.24-2.25 m, RGM 569.197a-c; apertural views. L.
Data as for 51H, RGM 569 140b; apical view.

Fig. 51. A-G. Cymbulia sp. 1. A-E. Carota T87/2/20G, campione 1.68-1.69 m. RGM 569.318a-d. A. Vista aperturale. B. Vista apicale. C. Dettaglio del
nucleo. D. Vista aperturale. E. Vista apicale. F, G. Carota T87/2/20G, campione 2.81-2.82 RGM 569.074. F. Vista aperturale. G. Vista apicale. H-L.
Cymbulia sp. 2. H. Carota T87/2/20G, campione 2.36-2.37 m, RGM 569.140a; vista apicale. I-K. Carota T87/2/20G, campione 2.24-2.25 m, RGM
569.197a-; viste aperturali. L. Stessi dati di 51H, RGM 569 140b; vista apicale.
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Fig. 52. A-G. Gleba cordata Niebuhr, 1776. Core T87/2/20G, sample 2.33-2.34 m, RGM 569.158a-g. A. Apertural view. B, C, E. Apical views. D, F,
G. Umbilical views. H-J. Peracle diversa (Monterosato, 1875). Meteor 25, sta 37, Kg 1, RGM 541.630-630a. H. Eroded specimen, apertural view. I.
Dorsal view. J. Ornament on early whorls, magnified.

Fig. 52. A-G. Gleba cordata Niebuhr, 1776. Carota T87/2/20G, campione 2.33-2.34 m, RGM 569.158a-g. A. Vista aperturale. B, C, E. Viste apicali.
D, F, G. Viste umbilicali. H-J. Peracle diversa (Monterosato, 1875). Meteor 25, stazione 37, Kg 1, RGM 541.630-630a. H. Esemplare eroso, vista ap-
erturale. I. Vista dorsale. J. Dettaglio della scultura sui primi giri. 91
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Fig. 53. A, B. Peracle reticulata (d'Orbigny, 1834). Juveniles, core T87/2/20G, sample 2.24-2.25 m, RGM 569 194a. A. Apertural view. B. Dorsal view.
C-J. Peracle? sp. C-H. Core T87/2/20G, sample 2.33-2.34 m, RGM 569 160a-d. C. Apertural view. D. Nucleus magnified. E. Apertural view. F. Apical
view. G. Nucleus magnified. H. Dorsal view. |, J. Core T87/2/20G, sample 2.30-2.31 m, RGM 569 174a. I. Apertural view. J. Nucleus magnified.

Fig. 53. A, B. Peracle reticulata (d'Orbigny, 1834). Juvenili, carota T87/2/20G, campione 2.24-2.25 m, RGM 569 194a. A. Vista aperturale. B. Vista
dorsale. C-J. Peracle? sp. C-H. Carota T87/2/20G, campione 2.33-2.34 m, RGM 569 160a-d. C. Vista aperturale. D. Dettaglio del nucleo. E. Vista
aperturale. F. Vista apicale. G. Dettaglio del nucleo. H. Vista dorsale. I, J. Carota T87/2/20G, campione 2.30-2.31 m, RGM 569 174a. I. Vista apertu-

rale. J. Dettaglio del nucleo.



ABojoydiow ‘so1ewalsAs (eag UBSURLIBLPIIA UJSISes dy) 4O sajdwies woilog woll (epodoilsen) easnjjojp diuoijue|dojoy 1uaday o1 Aleulsiend) aie]

Fig. 54. A-F. Peracle? sp. Core T87/2/20G, sample 2.30-2.31 m RGM 569.174b-c. A. Apical view. B. Oblique apertural view. C. Nucleus magnified.
D. Apical view. E. Oblique apertural view. F. Nucleus magnified. G. Peracle diversa (Monterosato, 1875). Core T87/2/20G, sample 2.24-2.25 m, RGM
569.196; apical view.

Fig. 54. A-F. Peracle? sp. Carota T87/2/20G, campione 2.30-2.31 m RGM 569.174b-c. A. Vista apicale. B. Vista aperturale obliqua. C. Dettaglio del
nucleo. D. Vista apicale. E. Vista aperturale obliqua. F. Dettaglio del nucleo. G. Peracle diversa (Monterosato, 1875). Carota T87/2/20G, campione
2.24-2.25 m, RGM 569.196; vista apicale. 93
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Fig. 55. A-F. Genus Clionidarum sp. 1. Core T87/2/20G, sample 1.68-1.69 m, RGM 569 321c-f. A. Lateral view. B. Apertural part magnified. C.
Lateral view. D. Frontal view. E. Frontal view. F. Apertural part magnified. G-K. Genus Clionidarum sp. 2. G. Core T87/2/20G, sample 2.33-2.34 m,
RGM 569 162a; frontal view. H-J. Core T87/2/20G, sample 2.24-2.25 m, RGM 569 200a-b. H. Lateral view. I. Frontal view. J. Apertural part magni-
fied. K. Core T87/2/20G, sample 0.05-0.06 m, RGM 569. 404a; frontal view.

Fig. 55. A-F. Genus Clionidarum sp. 1. Carota T87/2/20G, campione 1.68-1.69 m, RGM 569 321c-f. A. Vista laterale. B. Dettaglio aperturale. C.
Vista laterale. D. Vista frontale. E. Vista frontale. F. Dettaglio aperturale. G-K. Genus Clionidarum sp. 2. G. Carota T87/2/20G, campione 2.33-2.34
m, RGM 569 162a; vista frontale. H-J. Carota T87/2/20G, campione 2.24-2.25 m, RGM 569 200a-b. H. Vista laterale. I. Vista frontale. J. Dettaglio
aperturale. K. Carota T87/2/20G, campione 0.05-0.06 m, RGM 569. 404a; vista frontale.



Fig. 56. A-C. Genus Clionidarum sp. 3. Core T87/2/20G, sample 2.33-2.34 m, RGM 569.163a-b. A. Frontal view. B. Microornament at apertural side.
C. Frontal view. D, E. Genus Clionidarum sp. 4. Core T87/2/20G, sample 2.21-2.22 m, RGM 569.224. D. Frontal view (protoconch-1 damaged). E.
Microornament at base of early teleoconch. F-J. Beaked larva, sensu van der Spoel & Newman, 1990. F, G. Core T87/2/20G, sample 2.36-2.37 m,
RGM 569.145a-b. F. Apical fragment with protoconch. G. Apertural fragment, showing ‘beak’. H, I. Core T87/2/20G, sample 2.33-2.34 m, RGM
569.164a. H. Apical fragment retaining protoconch. I. Microornament on early teleoconch. J. Core T87/2/20G, sample 0.05-0.06 m, RGM 569.406;
apertural fragment.

Fig. 56. A-C. Genus Clionidarum sp. 3. Carota T87/2/20G, campione 2.33-2.34 m, RGM 569.163a-b. A. Vista frontale. B. Microscultura in prossimita
dell'apertura. C. Vista frontale. D, E. Genus Clionidarum sp. 4. Carota T87/2/20G, campione 2.21-2.22 m, RGM 569.224. D. Vista frontale (proto-
conca-1 danneggiata). E. Microscultura alla base della teleoconca. F-J. Larva rostrata, sensu van der Spoel & Newman, 1990. F, G. Carota T87/2/20G,
campione 2.36-2.37 m, RGM 569.145a-b. F. Frammento apicale con protoconca. G. Frammento aperturale con il “rostro”. H, I. Carota T87/2/20G,
campione 2.33-2.34 m, RGM 569.164a. H. Frammento apicale con protoconca. I. Microscultura sulla parte giovane della teleoconca. J. Carota
T87/2/20G, campione 0.05-0.06 m, RGM 569.406; frammento aperturale.
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Fig. 57. Veliger of benthic species? A-C. Core T87/2/20G, sample 2.18-2.19 m, RGM 569.241a-b. A. Lateral view. B. Part of body whorl magnified,
showing perforations. C. Apertural view. D-F. Core T87/2/20G, sample 1.70-1.71 m, RGM 569.312a-c. D. Dorsal view. E. Apertural view. F. Lateral

View.

Fig. 57. Stadi veliger di specie bentoniche? A-C. Carota T87/2/20G, campione 2.18-2.19 m, RGM 569.241a-b. A. Vista laterale. B. Dettaglio dell’ultimo
giro, con perforazioni. C. Vista aperturale. D-F. Carota T87/2/20G, campione 1.70-1.71 m, RGM 569.312a-c. D. Vista dorsale. E. Vista aperturale. F.

Vista laterale.
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