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ABSTRACT

The group of Vasticardium flavum (Trachycardiinac) includes four species of
medium size, with a slightly elongate or rounded shell of circa thirty ribs,
and a characteristic sculpture: rounded ribs elaborately ornamented with
transverse ridges. The identity of Cardium flavion, until now rather enigma-
tic, is revised based on Linné's descriptions and the designation of a lecto-
type. Three subspecies of V. flaruim are recognized: the nominal subspecies
(Carolines to eastern Indonesia and the Solomons), V. flavum subrugosum
(India to the Philippines, China, South Japan) and V. flavion dupuchense
(north-western Australia), Vasiicardium pectiniforme (Born, 1780). better
known as V. rugosum (Lamarck, 1819) and often erroneously considered a
synonym of V. flavwn, is the most common and widespread trachycardiine
in the Indo-Pacific. Two additional species have restricted ranges in Austra-
lia: Vasticardivm vertebratum (Jonas, 1845) {= V. reeveanum (Dunker, 1852)],
and Vasticardium arnatim (Sowerby, 1877) |= V. fultoni (Sowerby, 1916)].

RESUME

Le groupe de Vasticardium flavum (Trachycardiinae) comprend quatre
espéces de taille moyenne, avec une coquille légérement allongée ou arrondie,
d’une trentaine de cdtes et une sculpture caractéristique : cotes arrondies for-
tement ornées de barres transversales, L'identité de Cardim flavim, restée
jusqu'ici plutdt énigmatique, est révisée grice aux descriptions de Linné er a
la désignation d'un lectotype. Trois sous-especes de V. flapum sonr recon-
nues : la sous-cspice nominale (des Carolines i 'lndonésie orientale et les iles
Salomons), V. flavum subrugosum (de I'lnde aux Philippines, Chine et sud du
Japon), et V. flavum dupuchense (Austealie du nord-ovest). Visticardinnr pec-
tiniforme (Born, 1780), plus connue sous le nom de V. rugosm (Lamarck,
1819) et souvent considérée A tort comme synonyme de V. flavarm, est le plus
commun et le plus répandu des Trachycardiinae de 'indo-Lacifique. Deux
autres espéces ont des répartirions limitdes en Austealie: Vasticardinnt verte-
bratum (Jonas, 1845) |= V. reevearum (Dunker, 1852)], et Vasticardium
ornatum (Sowerby, 1877) |= V. fultoni Sowerby, 1916].
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INTRODUCTION

Cardium flavum and C. rugosum are among the
names most frequently used in the literature on
Indo-Pacific Cardiidac. Considered rogether,
they constituted the absoluce record in
Fischer-Piette’s chresonymy (1977), with more
than one hundred usages in the literature. Both
names arc practically always used to designate
the same species of Trachycardiinae, one of the
most common in the littoral zones of these rwo
oceans. Abour half the authors use the name
Cardium flavin Linné, 1758, The others think
that this name is enigmatic, and use the name
Cardium rugesim Lamarck, 1819, which is defi-
ned withour ambiguity. Nevertheless, as far as 1
know, no author since 1819 has expressed the
view that C. flavim could be anything but
C. rugosum.

The main aim of chis paper is to show that
Linné's description of C. flavum docs not fit
C. rugostmn and that type material exists that sta-
bilizes the name C. flawmn withour ambiguiry.
There are in fact two easily separable species,
C. flavum and C. rugosum, which have consis-
tently been confused for more chan 170 ycars.
There are three conuiburting factors. First, the
two species are similar in size, shape, number of
ribs and, as far as rib morphology is concerned,
only a detiled observarion can separate them.
Second, they are very widely sympairic. A third
reason could be that the confusion was inidally
made by nwo leading malacologists in the begin-
ning of the nineteenth cenwury, Lamarck (1819)
and Sowerby (1841).

The majority of authors immediately subsequent
to Linné correctly identified C. flavim Linné,
following Schréter who gave good description
and figures (1784: pl. 7, fig. 11a, b: 1786: 43;
figured specimen still present in ZUMC,
Spengler collection, here Fig. 2A). This accurate
identification could have survived bur Lamarck
(1819: 10} introduced a new species, Cardium
rugosum, with the comment “an Cardium flavion
Linné?”. This erroncous assumption was also
made by Sowerby who mentions (1841b:
No. 58): “C rugosum yellow var= C. flavum
Linn?”. Following these two authoritative api-
nions, C. flavum has mainly been interpreted as
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being the same as C. rugeswn Lamarck, and
named either flapum or rugosum,

The few authors who dealt with the identifica-
tion of Linné’s bivalves (mainly Hanley 1855
and Dodge 1952) were not very thorough in
their investigations. None examined the Reginae
Ulricae collection (now in Uppsala, Sweden).
Dodge (1952: 62) stated aboutr C. flavum :
“There is no internal evidence of its identiry”
[= no specimen, no synonymy, no locality]. and
dismissed Linné’s description which was short
{but mentionned at least three characters never
present together in any other Cardiidac, sce
helow).

MATERIAL, METHODS AND TEXT
CONVENTIONS

The material used for this paper comes from the
following museums:

AMS Australian Museum, Sydney

ANSP Academy of Natura) Sciences,
Philudelphia

BISHOP Bernice I, Rishop Muscum, Honolulu

BRMNH The National History Museum,
London

TRSNB Institut Royal des Sciences Naturelles
de Belgique, Brussels

LACM Los Angeles County Muscum of
Natural Hisiory, Los Angeles

MHNG Muséum d’Histoire Naturelle de
Geneve, Geneva

MNHN Muséum navional d'Histoire naturelle,
Paris

NHMW Naturhistorisches Museum, Vienna

NMW National Muscum of Wales, Cardiff

QM Queensland Museum, Brisbane

USNM National Museum of Nacural History,
Washington DC

WAM Western Australian Museum, Perth

ZMA Zoblogisch Museunt, Amsterdam

ZMUC Zoologisk Museurn, Copenhagen

Museum investigations include also the examina-
tion of Linné’s private collection held by the
Linnean Society, Lendon, and of syntypes of
Cardium flavum Linné from the Louisa Ulricae
collection in the Zoological Museum, Uppsala
University, Sweden.

For convenience, the shells are divided externally
into four radial “quarters™:
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AQ Anterior Quarter
MAQ Medio-Anterior Quarter
MPQ Medio-Posterior Quarter
PQ Posterior Quarter

In the description of the shells particular atten-
tion was devoted to rib morphology (profile and
ornamentation of the ribs), by raking into
account these elements in the first formed parrs
of the shell (juvenile or umbonal part) and the
variations towards the latest formed parts (adult

parts).

The ribs are described as follows with regard to
their ornamentation:

Single-ridged. Prescnce of “vertical™ or oblique
ridges, more or less tubereular, only on the posterior
fank of the rib; top and ancerior flank smooth (not
iHustraced here).

Double-ridged. Ridges o wbercles on hoth lanks;
top smoosh (Figs 1B, 2D).

Full-ridged. "T'he Hank ridges join from one side o
the other and develop also across the top zone; this
typically happens in ribs chat ate more or less rounded
i seerion and the ridges form successive porrions of
circles (Fig. 2E-G). Somerimes not all 1he lareral
ridges reucﬁ the wyp; somictimes the lateral ridges are
irregularly connected by obliquely oricnted top ridges.
In both cases the ribs are caﬂed rrvegularly fill-ridged
(Fig. 2G).

Top-ridged. In ribs that arc low and flag, the lateral
ridges are litde developed, and the rib appears to be
ridged only on the wp (Fig. 1D, on left).
Crush-ridged. Sometimes some or many ridges widen
in the top zong, taking a triangular shape, with apex
towards the ventral margin, appearing to be “crushed”
(Fig. 2H).

SYSTEMATICS

Family CARDIIDAE Lamarck, 1809
Subfamily TRACHYCARDIUNAE Stewart, 1930

Genus Vasticardium Iredale, 1927

‘TYPE SPECIES. — Cardium elongatum Bruguitre, 1789;
Original Designation (Iredale 1927: 75).

DIAGNOSIS

Shell medium to large (maximum height ranging
from 37 to 140 mm according to species); ovoid
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and symmetrical to asymmetrical und posteriorly-
expanded, obliquely or not, “winged” or trunca-
ted; often appreciably clongated and inflated.
Hinge line moderately angled (average angle
about 130"). Cardinal teeth in right valve separa-
ted or merely touching at their base and never
connected by a high and narrow dorsal saddle.
Rib number small to medium (22-45, exception-
ally 50). Ribs enlarge quickly in juvenile median
and anterior parts, becoming squarc-sided and
fully ornamented, dircedy following small,
smooth, postmetamorphic very carly shell. In
PQ, ribs always high and squarc-sided in juvenile
shells, always simple rather than divided into two
parts; top scales ot nodules always arranged in a
single row along the apex of these ribs. In other
quartets of adult shells, ribs generally high, often
squared and overhanging interstices, rarely trian-
gular, often bearing scales or tubercles with cre-
nulared margins in MPQ, cross-bars in anterior
half, nterstices rather deep und wide, with a flar
bottom, smooth or finely striated independently
from flanks of ribs, never notched.

REMARK

Four generic names have been utilized for the
Indo-West Pacific Trachycardiinac: Trachy-
cardium Morech, 1853, Acrosterigima Dall, 1900,
Vasticardium \redale, 1927 and Regozara Iredale,
1936. Regozarz should be considered as a syno-
nym of Vasrcardium (see Wilson & Stevenson
1977: 76). For the time being it is difficalt w
choose among the other three names because this
subfamily certainly needs generic revision, parti-
cularly in the Indo-Pacific where a lot of valid
species remain not covered in recent mono-
graphs. 1t is not beyond the scope of this paper
to reevaluate the supraspecific taxonomy and
Vasticardium is used provisionally.

THE GROUP OF
Vasticardium flavun (Linné, 1758)

This group is characterized by shells medium-
sized (maximum height varying from 37 to
86 mm according to the species), often symme-
trical but with anterodorsal margin always more
raised than posterior, sometimes more or less
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expanded backwards and asymmetrical, with ribs
curved backwards in projection, but very rarely
markedly truncated in the posterior margin.
Rarely appreciably clongated: mean L/H = 0.91
(range 0.80-0.99). Moderately and rather varia-
bly depressed: mean W/L = 0.73 (range 0.63-
0.95). Hinge generally at an angle with main axis
of shell, moderately angled (angle between main
cardinal and laterals range 125-135°). Exrernal
colours generally light, internally white to
purple. Ventral margin coloured only in one spe-
cies (V. vertebrarum). Rib number small to
medium, range 22-35.

JUVENILE RIB MORPLIOLOGY

Rib morphology is the same in juvenile speci-
mens of all the forms of group, except V. orna-
tum (see helow).

PQ. Ribs high, roughly square-sided (Fig. 2C),
Flattened top zone ornamented with large,
slightly rwisted regularly set transverse scales,
occupying almost all width of rib. Anterior mar-
gin of rib top bears nuinerous smaller bent scales
(three or four in number beeween each large top
scale), more or less joined together, forming a
sharp, festooned edge, a litde overhanging inter-
stice. Posterior flank of rib finely, vertically rid-
ged. (In V ernation, secondary ornamentation of
ribs (small scules and ridges) absent]. Interstices,
as wide as ribs. flatc-bottomed and always finely
but decidedly striated.

Other parts of shells. MPQ, MAQ, AQ: ribs
high with upper part of flank having, on both
sides, a succession of regularly disposed swellings
which touch mare or less together on rib tops,
and overhang a little interstices which are flat, a
little narrower than ribs, and concentrically stria-

ted.

ADULT RIB MORPHOLOGY

PQ. Rib morphology is similar to this of juve-
niles (Fig, 4F), except in flavum (Fig. 2B) where
they are lower, progressively losing their edge
ornamentation and relief, progressively separated
into two parts by a thin longitudinal furrow;
large top scales become smaller and limited 1o
posterior half;, and eventually disappear.

Other parts of shells. MPQ, MAQ, AQ: both

rib profile and ornamentation are variable among
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species, populations, or growth stages in an indi-
vidual, Rib profile changes, becoming more or
less rounded, symmetrically or not, with lower
part a little narrower {(characteristic basal
constriction: Fig. 4L); then becoming more or
less symmetrically triangular with a rounded tp
zone and progressively lowering, loosing their
basal constriction and, eventually, becoming flat-
ly rounded, then hardly marked. Interstices
remain generally flat, about as wide as ribs, mar-
kedly striated excepr sometimes in fully adult
parts. Ornamentation generally changes when
profile changes, with various possible sorts of rid-
ging as detined above, V. wertebrarum and
Vo ornatum (Fig. SE G) have a more elabarate rib
morphaology, with additional phenomena of
flank censeriction and division of flank ridging,
only rarely and imperfectly observed in V. flavum
and V. pectiniforme.

THE STATUS OF THE NAMES
Cardium flavum AND Cardium rugosum

Cardium flavum Linné, 1758

LINNE'S ORIGINAL DESCRIPTION

“C. resta subovara sulcata: latere ameriore scabro, poste-
riore dentato. Testa subovata, flava, latere anteriore
alba. Sulci crenati nodulis in latere posteriore; margo
non rubens.”

[C. shell subovute ribbed: posterior (for Linné poste-
rior = anterior and anterior = posterior) side rough,
ancerior toothed. Shell subovate, yellow, posterfor side
white: Ribs orpamented with small hodes on anretior
sides margin not red |

Linné {1764) added: “Muargines subsersatiz exteriore
dentato, non rubro. Color intus albus, fundo interdum
ngém’nru. Rima bians, nymphis nudis. Anus impressus,
oblongus, chasus.”

[Margin subserrated: exterior roothed, not red.
Internal colour white, sometimes wning russet in the
bottoni. Posterior dorsal margin gaping, nymph nude.
Lunule impressed, ablong, closed.)

TYPE MATERIAL (Table 1)

Authors appear ro have restricted the search of a
type specimen to Linné’s personal collection,
now in the Linnean Society in London, and have
neglegted to search in the Museum Ulricae col-
lection, now in Uppsala. A contributing factor
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TaeLE 1, — Characters of V., rugosum and V. subrugosum compared with Linné’s description of C. flavum.

Linné’s description of C. flavum

Testa subovata sulcata; sulci crenati
nodulis in latere posteriore; margo
non rubens (1758). Shell subovoid
ribbed: ribs with nodular ridges ante-
riorly; margin [internal ?) not red.

Margines subserrati, exteriore
[emended in postenore as in 1767]
dentato, non rubro (1764}.
[Posterlor?} margins subserrated;
anterior dentate, not red.

Rima hians (1764).

[Posterior] slit gaping.

Latere anteriore scabro (1758).
Posterior side rough.

Anus impressus, oblongus, clausus
(1764).
Lunule impressed, oblong, closed.

Testa flava (1758).
Shell yellow.
Latere anteriore alba (1758).

Posterior side white.

Color inlus elbus, fundo interdum
rufescente (1764)..

V. rugosum = V. pectiniforme

V. subrugosum = V. flavum

Fits

Fits

Can fit: slit below ligament variable;
shell slightly gaping.

Could fit: but "scaly” (= squamoso
used by Lamarck) would have fitted
better.

Could fit: but lunule generally nar-
row to non existent, never markedly
impressed.

Does not fit: very exceptionally yel-
lowish stains. Lamarck writes “albi-
da immaculata" (immaculate white).

Does not fit with above: posterior
same colour as the rest.

Does not fit: interior always entirely
white.

Fits

Fits

Can fit: slit below ligament variable;
shell slightly gaping.

Fits better: ornaments often dege-
nerate, but the PQ remains always
‘rough”.

Fits perfectly: lunule wider, oblong,

more or less deeply hollowed.

Fits: often nicely lemon-yellow
coloured.

Fits: all shells, even the coloured
ones, white posteriorly.

Fits: interior aimost always more or
less partially coloured mainly in the

Intemnal colour white, sometimes tur-
ning russet in the bottom.

bottom.

(see Dodge 1952: 16, 17) is that the specimens
of this collection were never labelled by Linné,
identification and labelling being made by
Swartz, after 1789. However Linné (1758: 680)
states that C. flavam is in MLU [Museum
Louisae Ulricae], which is confirmed by the
published description of that collection (1764:
490). So, it is extremely probable that no speci-
men ever existed in Linné's personal collection
(Dodge 1952: 62) and that, if any specimen still
remains, it 15 likely to be searched in the Ulricae
collection. There are two specimens labelled

C. flavum in thac collection. Bue the presence of

this label, not placed by Linné, is not sufficient
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for these specimens to be granted the qualifica-
tion of types. It is necessary they fit Linné’s des-
cription. It is why an “exegesis” of the descripive
data left by Linné has been considered as neces-
sary. Table | compares these dara with the cha-
racters of C. rugosum and those ot C. subrugosum
Sowerby, 1838, This comparison shows that at
least three characters of C. flayum are incompa-
tible with C. rugoswm, but are shared by
C. subrugosum. Additionally, onc of the two spe-
cimens labelled C. flavum in Uppsala fits the des-
criptions perfectly and must be considercd as a
typc with certitudc. [l is not the case of the
other which is a small specimen of Vasticardium
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assimile (Reeve, 1845)]. The condition of the
first specimen thus conforms to that recommen-

ded by Dodge (1952: 17):

“If a given deseription unequivocally and exclusively
agrees with a specimen in the collection now in
Ubpsala, it can be safely identified as the species descri-
bed. If, further, this description in the Museum
Ulricae refers specifically 10 a listing in the wenth edi-
tion of the ‘Systema’, we can be sure thay the speci-
men is, in face, the type of the “Systema’ species.”

LECTOTYIE DESIGNATION

The first specimen above cited (Fig. 1A) is here
selected as lectotype of Cardium flavam. It is
kept in the Uppsala University Zoological
Museum, Linnésamlingen nr. 411; no locality;
dimensions: 55.0 X 47.2 X 36.0 mm, with thirty-
two ribs.

REMARK

In Linné’s personal collection, in London, a shell
labelled C. flavum. is referenced under No. 68 in
the Linnean Society list. A manuscripr note (by
Hanley?) says: “Hanley has isolated one comple-
te, unmarked specimen [Linn¢ used 10 ‘mark” his
specimens inside with a number]. He says howe-
ver that Linnacus did not himself possess the
type”. This shell is a specimen of V. rugosum, in
rather fair state of preservation, dimensions
43.6 x 37.5 x 29.7 mm, with thirty ribs, oni-
form, washed out, beige external colour, internal
colour whitish, with a practically non-existent
lunule. It does nor fit Linné’s descriptions at all
and certainly belongs to the numerous specimens
added to the collection by post-Linnean exami-
ners (see Dodge 1952: 8).

Cardivm rugosum Lamarck, 1819

LAMARCK'S ORIGINAL DESCRIPTION

“23. Bucarde ridé. Cardiuin rugosim.[Ridged cockle].
C. testa ovaw-rotundata, inaequilatera, albida, imma-
culata; costis rotunditis, iransverse rugnsis: lateris antici
squamoso scalris.”

[Shell roundly-ovate, inequilateral, white, immaculate;
ribs rotund, transversally ridged: posterior side rough-
ly scaly].

“An Cardium flavum. Lin

Schroer. cinl.in Cunch. 2. 6. 7. £ 11, a. b.

Card, magnum. Chemn. Conch. 6. p. 196. t. 19.
f. 191.
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Seba, Mus. 3,1, 86. L. 7.

Encyclop. pl. 297. £ 2.

[2} Var. testa minore, subaequilatera.

Habite I'Océan Indien. Mon cabiner. Espéce tranchée,
trés-distincie, La coquille est blanche, quelquefois tein-
tée de fauve ou d'un roux ferrugineux. Ses cotes, au
nombre de 28 4 32, sont arrondies, un peu arquées,
sillonndes et comme ridées transversalement. Largeur
69 millimérres. Le Cardium regulare, Brag. Dict.
n’. 24, n'est qu'une varided de cetee esplee. Elle nest
pas réellement équilacérale s on la div d"Amérique.”

TYPE MATERIAL

Lamarck refers to four illustrations in the litera-
ture, and to shells from his own collection:

1. Schrétet (1784: pl. 7, fig. 11a, b). This shell,
from Nicobar, later identfied by Schréter him-
self (1786: 43) as C. flavum is in ZMUC (here
Fig. 2A): dimensions 60.6 X 46.4 X 46.7 mm,
with tweniy-six ribs. It is idenafiable as V. flu-
vum subrugosum.

2. Cuardinm magnum — Chemnirz (1782: 196,
pl. 19, fig. 191). This shell (Fig. 3D) is also in
ZMUC; dimensions 71.1 % 60.4 X 41.5 mm,
with thirty-two ribs. It is a weakly coloured forn
of V. angulatn (Lamarck) (see Vidal 1991).

3. Seba (1758: pl. 86, fig. 7). lts whereabouts are
unknown and the identification is doubtful.

4. Encyclopédic méthodique, Lamarck (1816:
pl. 297, tig, 2). The illustrated shell could be in
Geneva (see below).

5. Lamarck’s collection, three lots of C. rugosumn:

- two shells in MNHN, ubour 35 mm high,
hand labelled by Lamarck as “/ndividus jeunes”
(young individuals);

- one lot in MHNG (1085-35) of twa large
shells; one (Fig. 4C) possibly the 69 mm speci-
men cited by Lamarck, and one 74.5 X 72 X
51 mm, possibly, figured with a reduced scale in
Lamarck (1816: pl. 297, fig. 2).

— one lot in MHNG (1085-56) of three speci-
mens, H = respectively 48, 39, 20 mm, corres-
ponds to “[2] Var testa minove, siubaequilatera”.

LECTOTYPE DESIGNATION

Cardium rugosuin is based on ten syntypes,
belonging 10 three difterent species and it is
necessary to select a lectotype. | select as lecto-
type of Cardiuin rugosum Lamarck the shell in
Geneva cited by Lamarck, in the lot 1083-35:
H = 73, L =70, W = 50 mm (Fig. 4C).
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VALID SPECIES AND SUBSPECIES
OF THE Vasticardium flavum GROUP

Vasticardium flavum s. 1. (Linné, 1758)

Cardinm flavnm Linné, 1758: 680. — Schréier 1784:
pl. 7, fig. 11a, b; 1786: 43. — Bruguiére 1789: 232, —
Spengler 1799: 22, pl. 1, fig. 2a, b. ~ Romer 1869: 56
[tfcscripn'on only, not figures|. — Hidalgo 1903: 335.

Cardinm fucatum Spengler, 1799: 30.

Curdinm subrugosunt Sowerby, 1838: fig. 34; 1840:
fig. 715 1841a: 108,

Cardiwm gratiosum Deshayes, 1834: 331,
Cardinm tummidmn Deshayes, 1854: 331.
Cardinm dupuchense Reeve, 1845: Sp. 67.

Regozara flava — Habe & Kosuge 1966a: 154, pl. 59,
fig. 7.

Vasticardium (Regozara) flavum — Habe 1967: pl. 55,
fig. 3.

Trachycardium flavum — Springsteen & Leobrera
1986: fig. 12.

Not Cardinm flavum — Born 1780: 47, fig. 8.
[= C crassum Gmelin, 1791]. = Chemnirz 1782: 86,
pl. 17, fig. 178 |= C. muricatwm Linné, 1758]. —
Rémer 1869: the figures [pl. 5, hg. 10 = C. pectini-
Sfarnee Born; pl. 7, hgs 7. 8 = C. angulatum Lamarck,
1819].

Not Cardiwm ( Trachycardinm) flavun: — Abrard 1942:
25, pl. 3, fig. 1 |= Trachycardinm lutecomarginatum
Voskuil et Onverwagr, 1991].

Not Aerosterignut flava — Coleman 1975: 15, fig. 11 [=
C. pertebratum Jonas. 1844/,

Not Trachycardium flavnm — Sharabari 1984: pl. 47,
fig. 3a, ¢ f’= 7 ')'/t/.'/})lc'm':/ium {uteomarginatum Voskuil
et Onverwagt, 1991]. — Oliver 1992: 125, pl. 23,
fig. Ga, b [= C. pectiniforme Born, 1780].

DIsTRIBUTION AN SURSPECIES. — V. flavun has a
narrower distribution in the rapical zone than V. pec-
tiniforme. In the Indian Ocean it seems w be limited
to the north-case pare In the Pacific it ranges ro wes-
tern Carolines and the Solomons, bue 1z absent south-
cast of these islands.

Vo flavam is rather constant in Jdimensions, shape,
characters of lunule and hinge. Three subspecics are
recognized based on differences in colour, number of
ribs and above all rib morphology: flavum s.s., subru-
gosum and dupchense.

DiaGNosis
Shell generally 40 to 60 mm high when adulc
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(maximum observed = 72.4 mm); average L/H =
0.90 (range 0.80-0.96); average W/L = 0.75
(range 0.66-0.84). Lunule variable, but generally
well developed, mainly in the right valve, oblong
and hollowed, sometimes very deeply. Shell cove-
red by a uniformly light brown thin perioscra-
cum without (or very exceprionally with) black
spots, covering all shell, thicker in MPQ than in
other quarters, External shell colour, withour
perioseracum. is enrtirely white to partially yellow
w purple, continuous and not in shape of irregu-
lar, discantinuous, more or less concentric
splashes, Posterior zone AQ almost always entire-
ly white. Interior partially to entirely yellow ro
dark purple, rarely entirely white. Rib number
variable acvording to subspecies, range 22-34.

Adult rib morphology

PQ. Ribs became lower, progressively less orna-
mented, and generally divided into two pars
often hecaming very flat, smoothed and hardly
identifiable, Somedimes anterior half of rib
lowers more than posterior half which can
remain relatively high and keep more or less its
ornaments, the surface remaining always
“rough".

Other parts of shell. MPQ, MAQ, AQ: protile
and ornamentation of ribs vary according 1o sub-
species (see details in each subspecies descrip-
vion). Schemarically: ribs high, subrounded 1o
subtriangular and well arnamented in subrugo-
sum and dupuchense subspecies; ribs low, flatte-
ned, ornaments disappearing in nominal
subspecies.

Vasticardium flavum flavion (Linné, 1758)
(Figs 1, 47)

Carddium flavign Linné, 1758: 680, Na, 71.
Cardiwm fucatum Spengler, 1799: 30.
Cardium gratiosum Deshayes, 1854: 331.
Cardinm tumidum Deshayes, 1854: 331.

TYPES SIFCIES, — Cardium flavum: lectotype here
selected, Uppsala University Zoolagical Museum,
Linnésamlingen nr. 411 (see above).

Cardium fucatum: holotype in ZMUC, a shell labelled
“Guinea® (= probably New Guinea), 38.4 x 33.7 x
27.2 mm, 32 ribs (Fig. 1C).

239



Vidal J.

ZOOSYSTEMA - 1997 - 19 (2-3)

| 240



Catrdium gratiosum: three syntypes in BMNH from
Moluceas, not catalogued: 66.3 X 35.8 % 50.0 mm,
with 30 ribs; 64.7 > 52,00 x 40.6 mm, with 32 ribs;
55.0% 45.6 > 37.3 mm, with 29 ribs (Fig.11D).
Cardium tumidum: two syntypes in BMNH from
Moluceas, not catlogued, 72,4 X 58.0 x 52.0 mm.
with 28 ribs (Fig. 1E); 65.0 X 57.5 X 43.5 mm, with
30 ribs (Fig. 4A).

MATERIAL EXAMINED. -— The type material above lis-
ted. Other lots:

W Carolines. Palau-Yap group, 6 (USNM), 1
(BISHOD), 5 (ANSP).

E Indonesia. Moluccas, 2 (BMNH), 3 (IRSNB), 7
(ZMA), 9 (USNM), — Irian Jaya, 3 (LACM), 1
(MNHN), 1 (ZAMA), 10 (ANSDP),

NE and E Papua-New Guinea, | (MNHN), 2
(IRSNR), 4 (ZMA), 3 (AMS), [ (USNM).

S Papua-New Guinea. Samurai, 1 (AMS). — Torres
Sirait, 1 (USNM),

Solomons. 1 (BMNH), 1 (AMS), 1 (LACM), 1
(USNM), 2 (ANSD),

DistrisuTiON., — Eastern Indonesia (Moluccas and
Irian Jaya), the Carolines, Papua-New Guinea and the
Solomons and western Carolines,

DiaGNosis

Largest subspecies, rcaching more than 70 mm
in height (maximum 72.4, a syntype of C. tumi-
dum). Under periostracum, colour partly or
wtally yellow to purple, excepr for posterior part
(PQ and part of MPPQQ) which is more or less
white. Interior almost always brownish to purple
stained by zones, mainly in umbonal cavity.
Mean rib number 31.0, range 27-34.

Adult rib morphology

PQ. Sculprure quickly degenerates distally from
umbo, and often becomes virtually smooth, ribs
being often represented only by cicacricial slics.
MPQ. Ribs very low, flatly rounded, much wider
than interstices, firstly symmetrical but beco-
ming onwards more and more asymmetricully
and obtuascly triangular; no traces of hasal
constrictions; single-ridged, then often becoming
entirely smooth distally in large shells.

Fia. 1. — A3, Cardium fiavum LIhné, lectotype here selected;
L = 47.2 mm. B, Vasticardium flavum flavum, trom Papua-New
Guinea, MNHN, Flattened low ribs with bindged ornamentation
in medial pant; scale: > 3.6. Cy, Cardium fucatum Spengler,

holotype: L = 33.7 mm, O, ,, Cardium gratiosutn Deshayes, syn-

type No. 3; L = 40.6 mm. E, Cardium tumidum Deshayes, synty-
pe No. 1;L =58 mm.
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MAQ. Ribs low, becoming flat or asymmetrically
triangular, with anterior side shorter and steeper;
no trace of basal constrictions, Rarely irregularly
top-ridged, generally double-ridged ro single-
ridged or entirely smooth.

AQ. Ribs low becoming flat or obtusely asymme-
trically triangular; no basal constrictions; always
top-ridged or full-ridged, more or less regularly
(perfect regularity of ridging in this quarter,
which characterizes other subspecies, disappears
in many specimens).

REMARKS

This nominal subspecies of V. flavam differs
from the others by its smoother ribs, and often
more vivid colours, with more purple. Characrers
of colour and ribbing allow separarion of this
subspecies from the two others but may vary
progressively and independently. Intermediate
specimens of uncertain subspecific status are rare.

Vasticardium flavum subrugosum
(Sowerby, 1838)
(Figs 2A, B. D, E, H, 3B, Q)

Cardium subrugosum Sowerby, 1838: fig. 34; 1840:
fig. 71; 1841a: 108.

Not C. subrugosum — Abrard 1942: 25, pl. 2, fig. 28
[= V. peclim]%/rme]. — Reeve 1845: Sp. 55. — Lamy
1927: 519 and 1941: 565 |= V. luteomarginatum
(Voskuil ez Onverwagt, 1991)].

TyPES SPFCIFES, — Sowerby's figured specimen (1840a:
fig. 71), from Ceylon, cannot be traced in BMNH.
Neotype here selected, a shell [rom Phuket, in
MNHN (Fig. 3C): dimensions: 48.7, X 43.5
% 33.7 mm:; ri%\ number: 29.

MaTERiAL EXAMINED. — The following locs:

Sri Lanka, | {(NHM\V), 2 {TRSNB), | (AMS).

E India. Andaman Island, 1 (NMW), 1 (LACM). —
Nicobar Island, 1 (ZMUC: 2 Schrirer’s shells),
1 (NHMW). — Riam, T (USNM).

Thailand. Phuker, 2 (MNHN). — Gulf of Siam,
4 (USNM), 2 (ANSP).

N W Malaysia, 2 (AMS).

Singapore. 2 (MNHN), | (BMNH), 1 (AMS),
2 (USNM), 4 (LACM), 2 (ANSDP). ,
Malaysia. £ coast, 1 (AMS), 2 (USNM). — N
Boroeo, 1| (BMNH), 1 (ZMA), 2 (AMS), 4 (USNM),
2 (ANSP).

W Indonesia. Sumatra, 1 (MNHN), 1 (USNM). —
Java, 4 (MNHN), 1 (ZMA), 1 (AMS), 1 (LACM). —
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Bali, 2 (MNHN), 3 (AMS), 1 (USNM), )
(ANSP). — Flores, 1 (MNHN]), 1 (ZMA). — Alor, 1
(MNHN). — Borneo, Balikpapan, | (AMS). —
Sulawesi, 3 (MNHN), 1 (AMS), 1 (USNM), 1
(ANSP).

Philippines. 5 (MNHN), T (BMNEH), 4 (AMS), 19
(LACM), 3 (BISHOLI, 42 (USNM), 15 (ANSP).
Vier Nam. 4 (MNHN), 1 (LACM).

S China. 2 (MNHN), 2 (BMNH), 1 (IRSNB).

S Japan (Ryukyu). Okinawa Island, 1 (LACM), 3
(BISHOP), 3 (USNM). — Amami Island, 1
(LACM).

DISTRIBUTION. — Sri lanka to the Philippines, South
China and Ryukyu-Amami Islands. Replaced south-
castwards in the Pacific by V. flavum flavum.

DIAGNOSIS

Shell of medium size reaching a maximum of
abour 50 mm high, generally slighdy asymmetri-
cal, rarely appreciably clongated. Under perios-
tracum, colour from catirely white 1o pure light
lemon-yellow, except for PQ which is always
white. Tnrerior rarely entirely whire, almosr
always partially (very rarely torally) yellow-orange
to dark purple stained. Somerimes this purple
colour seems to pass through the shell and is
externally locally discernible on white zones, in
PQ and MPQ. Internal margin always white.
Mean rib number 31.0, range 28-34.

Adult rib morphology

PQ. Ribs, although dividing into two parts and
losing their relief, are still well discernible, some-
tmes keeping the anterior marginal small bent
scales and top scales more or less reduced, leaving
surface always “rough” (Fig. 2B).

MPQ and MAQ. Ribs variable in profile but

Fic 2. — A, Vasticardium flavum subrugosum, tram Nicobar
{India). historical "Schrdter s shell”, cited as C. flavum Linné.
ZMUG, Spengler collection: A, anterior side: L = 46.4 mm. B,
Vasticardlum Hayum subrugosum, trom Cebu, Philippines,
MNHN, detail of the PG and four ribs ol the MPQ; scale: x 2.2.
C, Vasticardium pectnitorme, from the Hed Sea, MNHN: detail
ol juvenile PO; scale: = 4.8, D, Vasticaroum. flavum subrugo-
sum, trom Cebu, Philippines, MNHN: double-ridged rib orna-
mentation; scale: » 3.4, E, Vasficaroiwm flavum subrugosum,
from Cebu, Philippines: jull-ndged nb ornamentation in the
MAQ, MNHN: sealn’ - 3 & (sama specimen as In figure 15), F,
Vasticardum pectitnforine, {rom the Red Sea: full-ridged rib
ornamentation in MPO, MNHN, scale: < 3.5 (same spacimen as
in figure 3A). G, Vasticardium pectiniforme from the Red Sea,
MNHN: irregularly full-ridged 1ily ornamentation in the MAQ,
scale: = 3,7. H, Vasveardium tiavum suprugosum from Cebu,
Philippines, MNHN (same specimen as in figure 3B): crush-rid-
ged rib ornamentation; scale: x 4.0.
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always relarively high, sometimes rounded or
symmetrically roundly triangular, bur more often
asymmetrically (anterior side rounded, posterior
side becoming flat and sreeper); basal constric-
tions present, or replaced by two thin basal
stripes (Figs 2B, 3B). Ornamentation variable.
ribs crush-ridged, rather rarely (ull-ridged, often
double-ridged with 2 more or less smooth, wide-
ned, central zone formed by shortening of ante-
rior ridging, postcriorly remaining normally
developed.

AQ. Ribs high, generally rounded, sometimes a
little squared by rop flartening; almost always
symmerrical with marked basal constrictions
(Figs 2E, 3B). Always full-ridged, with wide
conical ridges very regularly set. Ridging in AQ
is in continuity with MAQ.

REMARKS

V. flavum subrugosum difters from the nominal
sub-species by its generally lighter colour, and,
more important, by its more markedly ornamen-
ted and often crush-ridged ribs. 1t differs from
V. flavum dupuchense mainly by a higher rib
number and a less markedly ornamented PQ.
The name subrugosum has been much less used
than rugosum ov flavum. The reason is cerrainly
because V. flavum subrugosum may resemble
V. pectiniforme, paniicularly when the shells are
covered by a periostracum. Addivonally V. fla-
vum subrugosum is almost everywhere symparric
with the other. Numerous authors (e.g Wilson
& stevenson 1977: 86) do not mention its name
and probably do not recognize its existence in
the Indo-Dacific.

Vasticardivm flavam dupuchense
(Reeve, 1845)
(Fig. 5A)

Cardium dupuchense Reeve, 1845: Sp. 67.

Tyres sPECIES. — Three syntypes in BMNH
No. 1971-25. Cuming’s collection, from Dupuch
Island, Torres Strait (%ocality emended to Depuch
Island, Western Ausrralia, by Wilson & Stevenson
1977 86). Oue of them, 30 2 % 48 & x 40.0 mm,
with 27 ribs, fits Reeve's figure 67 and is designated
on the lahels as lectatype, probably by Wilson &
Stevenson, but they never published this selection. |
confirm here the selection of this specimen as lecto-

243



Vidal J.

type. Paralectotypes, 55.3 x 47.0 % 39.5 mm, with
23 ribs and 47.2 x 41.2 % 32.3 mm, with 25 ribs.

MATERIAL EXAMINED. — The type material. Other lots:
Western Australia. Dampicr, 1 (MNHN),
1 (WAM). — Porr Hedland. 1 (MNHN),; 1 (WAM).
— Exmouth Gulf, I (MNHN). | (WAM);
Montebello Island, 1 (WAM). — Faise Cap Creek, |
(ANSP).

DistrIBUTION, — “Northern Western Australia, from
Broome South to Point Cloates. Fossil records at Shark
Bay”, according to Wilson & Stevenson (1977: 87).

DIAGNOSIS

Shell of medium size (maximum height
54.5 mm, Wilson & Stevenson 1977: 86), not
elongated. almost always asymmetrical, with
expanded posterior part. Under periostracum
(which sometimes bears some black spots), shell
exteriorly white to light yellow: sometimes hight
purple in MPQ and PQ. Interior vividly dack
purple in large concentrical zones in posterior
three quarters, mainly in adult parts. Internal
margin white. Mean rib number 25, range 22-28.

Adult rib morphology

PQ. Anterior part of ribs lowers and more or less
degenerates; posterior part remains generally
high and still bears more or less reduced scales.
MPQ. Ribs high, rounded but with a tendency
to become slightly triangular, Basal constrictions
more or less discernible. Generally full-ridged to
slighdy crush-ridged.

Anterior half. Ribs high, rounded; basal
constrictions present. Regularly full-ridged with
wide ridges, more or less conical.

REMARK

V. flavum dupuchense resemble V. pectiniforme in
having black spots on the periostracum, high ribs
and scales well developed in PQ. 1t is even more
similar to many specimens of V. flazum in its
colour and above all in che regular rib ridging in
the anterior part. Iv differs from the other sub-
species of V. flavum and also from V. pectiniforme
by its lower rib number. Although it is rreated
here as a subspecies of V[ flavem, its taxonomic
status is questionable, Because it does nat co-
occur with V0 peetiniforme, it could conceivably
also be considered as a form of that species.
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Vasticardium pectiniforme (Born,1780)
(Figs 2C, E, G, 3A, 4B-F)

Cardium pectiniforme Born, 1780: 49, pl. 3, fig. 10
{non fig. 9).

Cardinn: regulare Bruguitre, 1789: 227.
Cardinm rugosum Lamarck, 1819: 10.
Trachycardium peregrinum Jousseaume, 1888: 212,

Vasticardium nigropunciasum Habe ef Kosuge, 1966a:
324, pl. 29, fig. 16: 1966b: 154, pl. 59, fig. 9.

Nat C. rugosum Reeve, 1845: Species 68 [= V. luteo-
marginatumn (Voskuil er Onverwagt, 1991)].

Not C. rugasum var. gortanii Nardini, 1937
(= Vasticardium gortanii (Nardini. 1937)].

TYPES SPECIES. — Cardinm pectiniforme. two syntypes
in NHMW, Ref. G23-875a, no locality. Dimensions:
30.7 X 29.2 % 19.4 mm, with 30 ribs and 26,3 x
25.4 % 15.2 mp, with 31 ribs, (figured by Born, pl, 3,
fig. 10; and this paper Fig. 4B), here sclected as lecto-
ne,
th/imn yequlare: no type located, no reference cired.
Bruguitre's detailed description fies the characters of
V. pectiniforme. The type locality was said to be
“American Atlantic”, but this is probably a misuke.
Cardinm rugosin: lectotype MHNG 1085-55 (see
abavce).
Trachycardinm peregrinuns: ten syntypes (six conjoi-
ned and four add valves) in MINHN, fram Aden and
several Red Sea lncalities. Largest specimen is 55.1
% 47,2 % 37.1 mm, with 30 sibs (Fig, 4D).
Vistieardimmn nigropunctaturre. holotype 454 X 39.2
% 32.0 mm, and one pacatype 36.6 X 31.3 < 23.8 mm
in NSMT from Amami Island (South Japan) (flabe
& I\;usugc 1966b: 154, pl. §9, fig. 9; material not
seen).

MATERIAL EXAMINED. — The syotypes of C. rugosum,
C. pectiniforme, C, peregrinum. Other lots:

S and E Africa. Naral, 1 (MNHN), 1 (BMNH), 1
(USNM). — Mozambique, 1 (MNHN). 2 (LACM),
1 (ANSD). — Tanzania, 2 (BMNH), T (ANSP), 4
(USNM). — Zanzihar, | (MNHN), 3 (BMNH), 2
(LACM), 4 (ANSP), 2 (USNM). — Kenya, 9
(MNHN), 4 (RMNH), 1 (ANSP). — E Somalia, 1
(MNHN). 1 (ANSP).

W Indian Qcean. Madagascar, 54 (MNHN), 2
(BMNH), 5 (ANSP). — Mauritius, 8 (MNHN), 2

Fic. 3. — A, Vasticardium pectiniforme, from the Red Sea,
MNHN! scale- « 1.8. B, Vasticardium flavum subrugosum, from
Cebu, Philippines, MNHN; scale: = 2.5, C,_,, Cardium subrugo-
sum Sowerby, neatype here selected; L = 43.5 mm, Dy,
Vasticardium angulatum Lamarck, 3 specimen from Tranquebar
(India), cited and figured by Chemnitz as C. magnum Linné,
ZMUC, Spengler collection; L = 60.4 mm.
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(MHNG), 2 (BMNH), 2 (TRSNB), 1 (LACM), 1
(ANSDP), 1 (USNM). — Rodrigues, | (BMNH). —
Comores, 3 (MNHN). — Sevchelles, 4 (MNHN}, 2
(BMNH). 1 (LACM), 2 (ANSP), 1 (USNM).

Gulf of Aden. N Somalia, 1 (MNHN). — Yemen, 3
(MNHN), 2 (USNM). — Djibouri. 5 (MNHN).
Red Sea. N Yemen, 2 (MNHN). — Ethyopia,
Dathak arch., I (MNHN}, — Saudi Arabia, 1
(MNHN), 1 (USNM). — Egyp, fossils 2 (MNHN).
— Isracl, Agaba, 3 (MNHN).

N Indian Ocean, Pakistan, Karachi, 1 (BMNH)., —

Maldives, 1 (BAMNH). — India, Manaar, 1 (BMNH),
2 (ANSP); Riam, T{USNM); Andaman, 2 (BMNH).
— Sri Lanka, 2 (BMNH), 1 (IRSNB), 1 (ANSP). —
Burma, I{BMNH), 2 (ANSP).

W Thailand. Phuker, 4 (MNHN), 3 (BMNH), 1
(USNM), 1 (LACM), I (ANSP); Butan group, |
(USNM). A

Malaysia. NW, | (EMNH); N Borneo, I (USNM).
Singapore. 1 (MNHN), 1 (BMNH), 1 (USNM), 1
(USNM), 1 (ANSP),

Gulf of Siam. 2 (USNM).

Indonesia, Sumatra, 1 (USNM). — Java, 1
(MNHN}), 2 (IRSNRB), 5 (USNM); Bali, 2 (MNHN),
1 (LACM). — Lombok, 2 (LACM). — E Bornco, |
(AMS). — Sulawesi, 1 (MNHN). 1 (LACM), 1
(USNM). — Moluceas, 1 (ZMA), 1 (LACM), 1
(USNM). — Irian Jaya, 6 (LACM). 1 (USNM), 3
{ANSP). — Tanimbar, 2 (USNM).

Philippines. 8 (MNHN), 30 (USNM). 10 (LACM),
3 (ANSP).

Asia. Vier Nam, 5 (MNHN), 3 (LACM), —
S China, 2(MNHN). — Taiwan, 1 (ANSP). —
S Japan, Okinawa Island, 1 (MNHN), 6 (LACM), 3
(BISHOP), 6 (USNM), 2 (ANSP); Amami Island |
(BMNH), 1 (ANSP), 1 (LACM).

Pacific., Papua-New Guinea, 1 (MNHN), 3
(IRSNB), 1 (WAM), 1 (LACM), 1 (ANSP)., —
Austrahia, Torres Strait, 1 (BMNH), 2 (LACM);
Northern "Territary, Port Essington, 1T (USNM);
N Queensland, 6 (MNHN), 3 (QM), 2 (LACM), 1
(USNM), 1 (ANSP). — New Caledonia, 50
(MNHN), 2 (ANSDP), 1 (USNM), — Vanuatu, Efate
Island, 3 (MNHN): Santos Island, 3 (USNM), —
Fiji, 1 (LACM). — Solomons, 1 (BMNHJ, 1
(ANSP), 1 (USNM). — W Carolines, Palau group, 2
{USNM), 1 (BISHOP), 3 (ANSP).

DISTRIBUTION AND ECOLOGY. — Vasticardium pecti-
niforme is generally abundant through most of all the
tropical Indian Ocean, Red Sea, and western Pacific,
Its castern limic seems 1o be the Ryukyus (Sourth
Japan), the western Carolines, Solomons and Fiji,
It seems to be rare in the Persian GulF(Mcfvill &
Standen 1906: 837; Smythe 1982: 99), and on the
southern coasr of Oman. It seems to be absent from
the wesrern coast of Australia (Western Australia and
Northern Territory).

V. pectiniforme prefers reef environment in very shal-
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low water: it is abundant inertidally bur is rarely col-
lected by dredging. In New Caledonia, not a single
specimen or valve has been found at any of the
1200 stations of the dredging program in the lagoon,
7 (o 100 1n depth, yet it is abundant on aﬁ the
beaches aroynd the main island.

DracNosts

Shell of medium size, generally 40 to 60 mm
high when adult. Largest specimen observed
76.0 X 65.3 x 40.7 mm (MNHN, Ballot collec-
tion 1887, no locality)s largest record, a
Pleistocenc fossil from Port Sudan 86 X 68 mm,
figured by Nardini (1937: pl. 17, fig. 1). Shell
often symmetrical (except that anterodorsal mar-
gin is always more raised than posterior), some-
times more or less expanded posteriorly and
asymmetrical with ribs curved backwards in pro-
jection, but very rarely markedly truncated in
posterior margin, Rarely appreciably elongated:
mean L/H = 0,92 (range 0.86-0.97). Moderately
and rarher variably depressed: mean W/L = 0.71
(range 0.63-0.84). Lunule variable in size but
always small to very small, sometimes practically
non existent; never markedly hollowed.
Periostracum light brown, thin, uniform, often
with small black spats more or less concentrically
aligned (nigropunciatuin), more abundant in
MPQ. Shell uniformly white to beige, very tarcly
yellowish to light hrown, generally light, lusrer-
less, under periostracum. Occasionally, shell has
some reddish spots (see for example Sowerby
1838: fig. 41). Interior almost always enurely
white, very rarely slightly yellowish coloured
around the lateral teeth, and exceptionally very
slightly in the umbonal cavity. In Papua-New
Guinea some forms can he partly slightly yellow,
particulatly in internal and external margins (but
PQ is not white). Secondary anterior lareral
ooth in right valve (tooth AIll) always regularly
elongated and never crushed in its middle or

Fic & — A, Cardium tumicin: Daghayes, syntype, L =
57.5 mm. B, ,, Cardivm pectinfurme Born, lectotype here selec-
ted; L = 254 mm. C, Cardium rugosum Lamarck, lectolype hers
selected; L = 70,0 mm {reduced), B,,, Trachycardium pereari-
aum Jousseaume, largasl synlype: L = 47.2 mm. E,
Vasticardium pactinitorme.. from Mauntius, MNHN: detail ot pro-
file of ribs In median ventral margin: scale' ~ 3.2. F,
Vasucardium pectiniforme, from the Red Sea, MNHN: detan of
PQ and part of MPQ; scale: x 1.8.
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divided into two teethlets. Mean number of ribs

30.6, range 26-35.

Adult rib morphology

PQ. No significant change from juvenile shells:
ribs remain high, squarc-sided, well ornamented
on top and flanks. Interstices wide (Fig. 4F).
MPQ. Change from PQ abrupt. Ribs generally
rounded, more or less symmectrically, rarely
roundly triangular, always basally constricted,
generally full-ridged (Figs 2E 3A, 4F) but some-
times double-ridged; rarcly crush-ridged.

MAQ. Generally very irregularly full-ridged
(Figs 2G, 3A) with many lateral ridges not rea-
ching top zone; thus ridges on top zone less
numecrous, narrower amd with wider, irregular
spaces between them, sometimes forming a her-
ringbone pattern. Below these “top-ridges”, short
remaining lateral ridges progressively disappear
also, onwards, bat can still be present in all the
zone and in AQ.

AQ. Ribs well rounded, ornamented with full
ridges; full ridges thin, relatively widely and
regularly spaced.

REMARK

Differences between V. pectiniforme and V. fla-
vum: the smooth and coloured W flapim flavion
is easily separated from the “rugose” and whitish
V. pectiniforme. The other two subspecies of
V. flavum can sometimes, ag first glance and
mainly when the periostracum is present, look
very much like V. pectiniforme. Nevertheless they
can be separated by the observation of four cha-
racters:

1. Lunule: the lunule in V flavum is wider and
deeper.

2. Colours: V. pectiniforme is almost always
“colourless” outside and entirely white inside and
very often bears hlack spots on the periostracum.
These spors may rarely be present in V. flavum
which is often pardially vividly coloured, outside
and inside.

3. I'Q: in V. pectiniforme (Figs 2C, 4F) the ribs
always remain high, square-sided and well orna-
mented in the adult as in the juvenile, when they
degenerate in the adult part in two subspecies of
V. flavurn [subsp. flavum and subsp. subrugosum
(Fig. 2B)].
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4. The ornamentation of the ribs in the anterior
half of the shell can also, and exclusively, separate
the two specics. 'The ribs of the anterior half of
the shell in pectiniforme have irregular ornamen-
tation: narrow and irregularly set full-ridges in
AQ; in MACQ) these ridges are irregular and are
often combined with numerous small lateral
ridges (Figs 2G, 3A), The ribs of the anterior half
of the shell in flavum have regular omamenta-
tion; the full-ridges are everywhere wide (wider
than the grooves separating them), more nume-
rous, very regularly set, often conical, with vir-
tually no intermediate lateral ridgelets in MAQ
(Figs 2E, 3B).

Vasticardium vertebrarum (Jonas, 1844)

(Fig. 5C, E, F)

Cardivm vertebratum Jonas, 1844: 33; 1846: 119,
pl. 9, fig. 9a-c.

Cardivm reeveanum Dunker, 1852: 945 1858: 22,
pl. 6, figs 6-8.

Regozara olivifer lredale, 1936: 275, pl. 20, fig. 8.

TYPES SPECIES. — Cardium vertebratum: holotype,
according to Jonas, a shell from West Austraﬁa,
63.5 % 46.6 x 38.1 mum, wich 28 ribs, not traced.
Cardium recveanum: holotype, according to Dunker, a
shell deposited in Bremen, from New Holland
[Australia, H = 2 inches [= 50.8 mm), with 28 ribs,
not traced.

Regozara alivifer. holotype from Sydney Harbour in
AMS Ca06U6, 66 % 56 X 46 mm, with 28 nibs.

MATERIAL EXAMINED. — The holoype of Regozara
olvifer and the following lots:

Australia.Western Australia, Swan River, 1 (BMNH);
Admiral Bay, 1 (WAM). — Northern Territory, Port
Darwin, 1 (BMNH); Port Essington, 4 (RMNH);

Fic, 5. — A5, Vasticardiwm flavuim dupuchense, lrom Dampier
(W. A}, MNHN: L = 43.0 mm. B, Vasticardium ornatum, from
Dampier Salt (W, A.): detall of rib morphalogy in medlan adult
parl, MNHN; scale: « 3.7 {shell artificially dark eoloured). €,
Vasticardium vertebratumn, rom Kurrimine Beach (Queensiand),
MNHN: detasl of rib morphotogy in maedian adult par; séale:
~ 3 8.0, Vasticarduwun arnatum, irero Dampier Salt {W. A.),
MNHN: L = 28.4 mm {same specimen as B, G). E,.,.
Vasticarefum vertebrarom, tram Tin Can Bay (Queensiand),
MNHN; L = 42.2 mm. F, Vasticardium vertebratum, from
Kurrimine Beach (Queensiand), MNHN' detall of profie of nbs in
the median venirali margin; scale: ~ 3.8 (same specirien as C).
G, Vasticardivm ornatem, from Dampier Salt (W. A.), MNHN:
detail of profile of ribs in the median ventral margin; scale: x 3.8
(same specimen as B).
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Cape Arnhem, 2 (USNM). — Queensland, Torres
Straits, 1 (BMNH). — North Queensland,
6 (MNHN). 2 (BMNH). 6 (LACM), — Ceniral
Queensland, 3 (MNHN), 2 (BMNH), 2 (QM).
5 (LACM}, 3 (USNM). — South Queensland,
5 (MNHN), 2 (QM). — New South Wales,
5 (AMS).

Singapore. | (AMS).

Viet Nam. 1 (MNHN).

DISTRIBUTION, — “Western, northern and eastern
Ausrralia; south to Geographe Bay in Western
Australia and Sydney, New South Wales. The species
is a Quarernary fossil in South Ausrralia®, according
o Wilson & Stevenson (1977: 83).

My observations da not fully confirm this limied dis-
tribution, with tive deviaring records:

1. Melvill & Sranden (1906: 837) cite. Cardium
{ Trachycardinm) vevtebratiem v Duhai, Persian Gull.
This material is not in NMW.

2. Bosch (1982: 171) cites and figures Cardium ree-
veanunm from Salalah, southern coast of Oman. The
figured shells resemble V7 pectiniforme. Tuis na longer
mentioned in Oliver, 1995, A

3. Oliver (19492: 126, pl. 23, fig. 4a, b) figured a shell
Trachycardiun vertebratum in BMNH with no men-
tioned locality and records it from Aden, Port Sudan,
Perim, Oback. The ideniification of the BMNH spe-
cimen (which | have examined) is good, but there is
no material from Aden, Perim and Obock in
Jousscaume's and Lavranos” collections (MNHN) that

is artribuable ro the present species, and the occurence

of V. vertebrution in the Red Sea cannort be as large as
indicared by Oliver.

4. Presence of a valve labelled from Nhatrang (Viet
Nam) in MNHN, coll. Saurin.

5. A valve from Pulau Sudong (Singapore) in AMS,
C310520.

D1aGNoOSIS

Shell of medium size generally reaching
55-60 mm (largest specimen observed 98.2
X 79.5 X 67.1 mm in AMS from Broken Bay,
near Sydney). Shape transversally ovoid, rarely
symmetrical. Rather elongated for group: mcan
L/H = 0.83 (range 0.80-0.87); variably dcpres-
sed: mean W/L = 0.84 (range 0.77-0.95). Lunule
very narrow to practically non existent. Hinge
typical of group, but in right valve sccondary
anterior laceral tooth (ALT) almost always
depressed in its middle and divided into two
more or less independent small teeth. Shell is of a
characteristic superb orange to coral red colour.
Colours disposed in regular concentric, bands,
darker in adult zones. Combination of this vivid
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reddish colour with brown periostracum can give
a greenish shade (offvifer). Interior white, except
for a narrow, dark, reddish ventral margin. Mcan
rib number: 28.4 range 26-33.

Adult rib norphology

PQ. Same sculprure as well in adult shells as in
juvenile: squarc-sided ribs, large oblique scales on
top, small bene scales on anterior margin, vertical
ridges on postetior targin.

Median part of shell. MPQ and MAQ: charac-
teristic juvenile rib morphology of group restric-
ted to umbonal regian, and sculptures switches
to that charactetizing adule portion of shelt very
carly. Specific characteristics of adule part of
these two zones (Fig. 5C, F): (1) quasi-perfect
symmetry in sculpeuse of roundly triangular ribs,
in profile as well as in orpamemation; (2) rwo
sets of constrictions on ribs, one at base of lateral
ridging (as in many forms of group), another one
in middle of flank. Ribs generally irregularly full-
ridged, or rather crush-ridged. “Crushing” of 10p
ridges is so marked that in many cases top zone
becomes almost smooth. A very regutar line of
eubercular ridges lies in tower part of flank bet-
ween middle and basal rib constrictions, on both
flanks. This tacter perfect arrangement is a litdle
disturbed in mose distal part of adult zone.

AQ. Ribs rounded, symmerrical, becoming regu-
larty full-ridged towards anterior, by loss of
numerous lateral ridges and tberdles. Full ridges
rather wide, slightly obliquely set, generally less
densely packed than in other species of group.

REMARKS

V. wertebration mainly difters from the other spe-
cies of the group by three characters: colour,
quasi-perfect symmetry of the ribs in the median
half with two constrictions, regular linc of tuber-
cular ridges on both flunks of the ribs in the
median halt {beaded ribs).

V. vertebratum can be contused with V. rubicun-
dum (Reeve, 1845) because of similaricy in colours
and the “headed” ornementation of the ribs.
However thesc two species belong to two difterent
groups, and have many differene characteristics,
particularly in rib number and morphology.
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Vasticardiumn ornatum (Sowerby, 1877)
(Fig. 5B, D, G)

Cardium ornarum Sowerby, 1877: 755, pl. 75, fig. 2.
Cardium fultoni Sowerby, 1916: 76, pl. 3, fig. 7.

Acrosterigma sowerbyorum Voskuil e Onverwage,
1992: 34, fig. 6 [a nomen novum for C. ornatum, ervo-
neously considered as unavailable: see Remarks].

TYPES SPECIES. — Cardinm ornatuw: holotype in
NMW, Mclvill-Tomlin callection 59-158-1242,
labelled “Hong-Kong”, 19.0 X 18.2 x 12.8 mm, with
29 ribs.

Cardium fultoni: holotype in BMNH 1919-12-31-69,
labelled “Philippines™, 37.0 X 32,6 X 24.2 mm, with
28 ribs.

MATERIAL EXAMINED. — The type material and the
following lots:

Natal. 1 (NMW).

North Western Australia. 1 (MNHN), 2 (ANSP);
Yampi Sound, 1 (WAM). 1 (USNM); Cape Frezier,
1 (WAM); Heywood 1sland, 1 (WAM); Scorpion
Island, 1 (\WAM).

DISTRIBUTION. — Appatently endemic to northern
Western Australia, approximatively from Capricorn
tropic to latitude 1575, Wilson & Srevenson (1977:
88) concluded that “"Sowerby's locality [Philippines]
was probably incorrect and thar the holotype came
from Western Australia”. The same arguments apply
o the localities Natal and Hong-Kong (holotype of
C. ornatum) which are also probugly erroneous.

DIAGNOSIS

Shell of small to medium size, reaching 37 mm
in height. Shape rotund (ornatiin) 1o obliquely
ovate (filtoni). Anterior edge rounded, posterior
edge slightly flared, rarcly slightly truncated. A
litdle elongated [according to Wilson &
Stevenson (1977: 88), mean ratio L/H = 0.91
(range 0.86-0,99)], and moderately inflated
[fmean W/L = 0.76 (range 0.68-0.84)]. Lunule
narrow to practically non existent. External
colour uniform, whire to cream (periostracum
never seen); tops of ribs here and there bear dark
red-purple spots almost regularly placed and
roughly concentrically aligned. Internally white.
Rib number: according to Wilson & Stevenson,
mean number 29, range 25-33.

Adnls rib morphology
PQ. Different from other species of group: ribs
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high with regularly set, conical, scales occupying
all upper half of €ib rop: no secondary ornamen-
cation like in other species. In most adult pact
ribs bifurcate into a lower anterior part and a
higher scaled posterior pare, with the latter
slightly overhanging interstice backwards.

Other parts of shell. Ribs with a symmetrical
profile comprising two parts from top to base:

(a) a rounded upper part, full-ridged with wide
ridges, sometimes a little flactened on top, and
(b) two lower flanks, triangularly disposed, obli-
quely striated, separated from rounded summiral
zone by a constriction, and becoming vertical at
their base (Fig. 5B, G). Interstices open, trape-
zoidal, with a flat bottom regularly striated, more
or less independently of flanks.

REMARKS

D'Orbigny (1850: 79) used the combination
Cardium ornatum for the taxon originally named
Pinnopsis ornatus Hall, 1843: 244, fig. 8.
Pinnopsis ornatus and P acutirostra, also named
by Hall, 1843, in the same formation, are
Devonian fossils, very similar to each other, The
latter is now classified in Lunnlacardium
Miinster, 1840, family Lunulacardiidae Fischer,
1887 (sce Newell ez 2l 1969) and there 15 neither
primary nor secondary homonymy with
Cardivin ornariom Sowerby, 1877. Under
Art. 59d of the Cede this latter name is an avai-
lable name and Acrosterigma sowerbyorum is a
junior objective synonym,

Vasticardium ornatum has been placed in the
V. flavum species group, because of comparable
dimensions, shape, rib number, and above all
because of an adult rib morphology of the same
types although different.
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