


DIRECTEUR DE LA PUBLICATION : Bruno David
Président du Muséum national d’Histoire naturelle

RÉDACTRICE EN CHEF / EDITOR-IN-CHIEF : Laure Desutter-Grandcolas

ASSISTANTS DE RÉDACTION / ASSISTANT EDITORS : Anne Mabille (zoosyst@mnhn.fr), Emmanuel Côtez

MISE EN PAGE / PAGE LAYOUT : Anne Mabille

COMITÉ SCIENTIFIQUE / SCIENTIFIC BOARD :
James Carpenter (AMNH, New York, États-Unis)
Maria Marta Cigliano (Museo de La Plata, La Plata, Argentine)
Henrik Enghoff  (NHMD, Copenhague, Danemark)
Rafael Marquez (CSIC, Madrid, Espagne)
Peter Ng (University of Singapore)
Gustav Peters (ZFMK, Bonn, Allemagne)
Norman I. Platnick (AMNH, New York, États-Unis)
Jean-Yves Rasplus (INRA, Montferrier-sur-Lez, France)
Jean-François Silvain (IRD, Gif-sur-Yvette, France)
Wanda M. Weiner (Polish Academy of Sciences, Cracovie, Pologne)
John Wenzel (The Ohio State University, Columbus, États-Unis)

COUVERTURE / COVER :
Eomiltha Cossmann, 1912 fossils.

Zoosystema est une revue en fl ux continu publiée par les Publications scientifi ques du Muséum, Paris / Zoosystema is a fast track journal published by the 
Museum Science Press, Paris

Les Publications scientifi ques du Muséum publient aussi  / The Museum Science Press also publish: 
Adansonia, Anthropozoologica, European Journal of Taxonomy, Geodiversitas, Naturae.

Diff usion – Publications scientifi ques Muséum national d’Histoire naturelle
CP 41 – 57 rue Cuvier F-75231 Paris cedex 05 (France)
Tél. : 33 (0)1 40 79 48 05 / Fax : 33 (0)1 40 79 38 40
diff .pub@mnhn.fr / http://sciencepress.mnhn.fr

© Publications scientifi ques du Muséum national d’Histoire naturelle, Paris, 2018
ISSN (imprimé / print) : 1280-9551/ ISSN (électronique / electronic) : 1638-9387

Zoosystema est indexé dans / Zoosystema is indexed in:
– Science Citation Index Expanded (SciSearch®)
– ISI Alerting Services®

– Current Contents® / Agriculture, Biology, and Environmental Sciences®

– Scopus®

Zoosystema est distribué en version électronique par / Zoosystema is distributed electronically by:
– BioOne® (http://www.bioone.org)

Les articles ainsi que les nouveautés nomenclaturales publiés dans Zoosystema sont référencés par /
Articles and nomenclatural novelties published in Zoosystema are referenced by:

– ZooBank® (http://zoobank.org)

PHOTOCOPIES :
Les Publications scientifi ques du Muséum adhèrent au Centre Français d’Ex-
ploitation du Droit de Copie (CFC), 20 rue des Grands Augustins, 75006 
Paris. Le CFC est membre de l’International Federation of Reproduction Rights 
Organisations (IFRRO). Aux États-Unis d’Amérique, contacter le Copyright 
Clearance Center, 27 Congress Street, Salem, Massachusetts 01970.

PHOTOCOPIES:
Th e Publications scientifi ques du Muséum adhere to the Centre Français d’Ex-
ploitation du Droit de Copie (CFC), 20 rue des Grands Augustins, 75006 
Paris. Th e CFC is a member of International Federation of Reproduction Rights 
Organisations (IFRRO). In USA, contact the Copyright Clearance Center, 27 
Congress Street, Salem, Massachusetts 01970.



123ZOOSYSTEMA • 2018 • 40 (7) © Publications scientifi ques du Muséum national d’Histoire naturelle, Paris. www.zoosystema.com

urn:lsid:zoobank.org:pub:7652DEC7-3C6C-414F-AF2C-7C396D78F6F6

Taylor J. D. &. Glover E. A. — Hanging on – lucinid bivalve survivors from the Paleocene and Eocene in the western 
Indian Ocean (Bivalvia: Lucinidae). Zoosystema 40 (7): 123-142. https://doi.org/10.5252/zoosystema2018v40a7. 
http://zoosystema.com/40/7

ABSTRACT
Rare species of three long-lived lucinid genera, Gibbolucina Cossmann, 1904, Barbierella Chavan, 
1938 and Retrolucina n. gen., with origins in the Paleocene and Eocene of western Tethys, are pre-
sent in the Mozambique Channel area of the southwestern Indian Ocean but absent elsewhere in 
the Indo-West Pacifi c. A new species, Gibbolucina zelee n. sp., is described from the Banc de la Zélée 
and western Madagascar that resembles Miocene species from western France. Since their origin in 
the Paleocene to the present day Barbierella species have always been rare. New records and images, 
including syntypes, are provided for Barbierella louisensis (Viader, 1951) from Mauritius and the 
Mozambique Channel, with Barbierella scitula Oliver & Abou-Zeid, 1986 from the Red Sea re-
garded as synonym. A new genus, Retrolucina n. gen., is proposed with the living Lucina voorhoevei 
 Deshayes, 1857 (usually called Eomiltha voorhoevei) as type species and also including Lucina defrancei 
 Deshayes, 1857, a strikingly similar species from the Eocene of the Paris Basin. Retrolucina n. gen. 
diff ers from Eomiltha Cossmann, 1912 in shape, sculpture and hinge characters. Monitilora Iredale, 
1930, another genus of Paleocene or earlier origins, includes a few living species in the Indo-West 
Pacifi c and is now identifi ed from Mozambique with Monitilora sepes (Barnard, 1964) (formerly 
Phacoides sepes Barnard, 1964). It is suggested that Gibbolucina, Barbierella and Retrolucina n. gen. 
species became isolated in the western Indian Ocean following the closure of the Tethyan Seaway in 
the early Miocene while their congeners in western Tethys became extinct. Th e survival of these rare 
genera, with restricted geographical ranges and seemingly small populations, runs counter to current 
ideas concerning long-term extinction risk.
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RÉSUMÉ
Bivalves lucinidés du Paléocène et de l’Éocène survivant dans l’océan Indien occidental (Bivalvia: 
Lucinidae).
Des espèces rares appartenant à trois genres anciens de lucines, Gibbolucina Cossmann, 1904, 
Barbierella Chavan, 1938 et Retrolucina n. gen.,  dont l’origine se situe au Paléocène et à l’Éocène 
en Téthys occidentale, sont présentes dans la zone du Canal du Mozambique dans le sud-ouest de 
l’océan Indien, et absentes ailleurs dans l’Indo-Ouest Pacifi que. Une nouvelle espèce, Gibbolucina 
zelee  n. sp., est décrite du Banc de la Zélée et de l’ouest de Madagascar ; elle ressemble à une espèce 
du Miocène de l’ouest de la France. Depuis leur origine au Paléocène jusqu’à nos jours, les espèces 
de Barbierella ont toujours été rares. Des signalisations nouvelles et des illustrations, dont c elles de 
syntypes, sont données pour Barbierella louisensis (Viader, 1951) de l’île Maurice et du Canal du 
Mozambique, et Barbierella scitula Oliver & Abou-Zeid, 1986 de la Mer Rouge est donnée comme 
synonyme. Le nouveau genre Retrolucina n. gen. est établi avec pour espèce type l’espèce actuelle Lucina 
voorhoevei Deshayes, 1857 (habituellement appelée Eomiltha voorhoevei), et comprenant également 
Lucina defrancei Deshayes, 1857, une espèce de l’Éocène du Bassin Parisien qui lui est étonnamment 
semblable. Retrolucina n. gen. diff ère d’Eomiltha Cossmann, 1912 par sa forme, sa sculpture et les 
caractères de sa charnière. Monitilora sepes (Barnard, 1964), du Mozambique (auparavant Phacoides 
sepes Barnard, 1964), est classée dans le genre Monitilora Iredale, 1930, un autre genre dont l’origine 
remonte au moins au Paléocène et qui comprend un petit nombre d’espèces actuelles de l’Indo-Ouest 
Pacifi que. Les espèces de Gibbolucina, Barbierella et Retrolucina n. gen. ont pu se retrouver isolées 
dans l’Ouest de l’océan Indien à la suite de la fermeture de la Téthys au début du Miocène alors que 
leurs congénères de la Téthys occidentale se sont éteintes. La survie de ces genres rares, avec des aires 
de distribution restreintes et apparemment de petites populations, va à l’encontre des idées classiques 
sur les risques d’extinction à long terme.

INTRODUCTION

Marine bivalves of the family Lucinidae have attracted great 
interest following the discovery of their chemosymbiosis 
with sulphide-oxidising bacteria and many new species and 
genera have been described, particularly from the diverse 
central Indo-West Pacifi c region (Taylor & Glover 2005, 
2013; Glover & Taylor 2007, 2016; Cosel & Bouchet 2008). 
Although shallow water species from coral-reef habitats can be 
widely distributed across the tropical Indo-West Pacifi c, areas 
of endemism are also apparent. One such is the western Indian 
Ocean from the Red Sea to southern Africa including western 
Madagascar where several lucinid genera are recorded that do 
not occur further eastwards in the Indian Ocean. Remarkably, 
three of these genera Barbierella Chavan, 1938, Gibbolucina 
Cossmann, 1904  and Retrolucina n. gen.  (described herein), 
fi rst appeared in the early Cenozoic (Paleocene-Eocene of 
Europe c. 60-45 ma). Retrolucina voorhoevei (Deshayes, 1857) 
n. comb., previously placed in Eomiltha Cossmann, 1912 and 
recorded from Mozambique, has a striking shell morphology 
little resembling other living lucinids but is similar to an Eo-
cene species ‘Eomiltha’ defrancei (Deshayes, 1857) from the 
Paris Basin. We propose a new generic name for the two spe-
cies showing that R. voorhoevei n. comb. diff ers considerably 
from the genotype of Eomiltha (Lucina contorta Defrance, 
1825 from the Paleocene of France) although likely broadly 
related. Other unusual lucinids from the region include Rasta 
lamyi (Abrard, 1942) member of a genus otherwise known 
from a species from western Australia (Glover & Taylor 1997; 

Taylor et al. 2005) while Lucina roscoeorum (Kilburn, 1974) 
and Loripes clausus (Philippi, 1848) are the only representa-
tives of the genera in the Indo-West Pacifi c. Also, Bourdotia 
Dall, 1901 fi rst described from the early Eocene, survives 
off  southern Oman as a single living species, B. boschorum 
Dekker & Goud, 1994.

Th e antiquity of Barbierella, Gibbolucina and Retrolu-
cina n. gen. and their survival in the western Indian Ocean 
is of interest because Barbierella species have always been 
rare and the other two genera uncommon or absent since 
the Eocene, with Barbierella and Gibbolucina last recorded 
during the Miocene and Retrolucina n. gen.  not since the 
Eocene. Th e longevity of marine bivalve genera was analysed 
by Flessa & Jablonski (1996) who showed that for Indo-
West Pacifi c taxa the median ages were 8.6 ma for the total 
sample and 14.7 ma for those genera with a fossil record. 
Th e survival of these ‘old’ genera with restricted distribu-
tional ranges is also of interest in relation to extinction risk, 
with various studies of survivorship (Harnik 2011; Harnik 
et al. 2012; Finnegan et al. 2015; Orzechowski et al. 2015) 
concluding that marine genera with narrow geographic 
ranges and small population sizes are more vulnerable to 
extinction. Most records of these ‘old’ genera occur in the 
Mozambique Channel and on the eastern African coast. 
Th e separation of Madagascar from Africa to form the 
Mozambique Channel occurred in the early Cretaceous 
c. 120-130 ma (Rabinowitz et al. 1983; Rabinowitz & 
Woods 2006) and its confi guration has remained generally 
stable since that time. Th e channel is notable for complex 
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eddy systems (Schouten et al. 2003; Sabarros et al. 2009) 
that likely result in larval retention and a possible resilience 
of communities and populations.

Recent collections from the Mozambique Channel (MNHN) 
have yielded new records of the rare lucinid genera as well 
as an undescribed living species of Gibbolucina that has ena-
bled us to reassess the systematics of living species assigned 
to Barbierella, Gibbolucina and ‘Eomiltha’. Th ere is much 
taxonomic confusion regarding these genera: Eomiltha is 
often cited as a subgenus of Gibbolucina (e.g. Chavan 1969; 
Kilburn 1974) despite dissimilar shells and Gibbolucina spe-
cies are often confused with Megaxinus Brugnone, 1880. 
From Mauritius, Lucina (Bellucina) louisensis Viader, 1951 is 
recognised as a species of Barbierella and the name predates 
B. scitula Oliver & Abou-Zeid, 1986 previously regarded 
as the sole living species. Additionally, Monitilora Iredale, 
1930, another Paleocene (or even earlier) genus, is recog-
nised for the fi rst time in the western Indian Ocean from 
Inhaca, Mozambique (previously described as Phacoides sepes 
Barnard, 1964). To clarify generic concepts we have studied 
type species of all the living and fossil genera and provide 
images and amended diagnoses.

MATERIAL AND METHODS

Lucinids from the Mozambique Channel were studied from 
MNHN collections made at Inhaca, Mozambique (Expédi-
tion INHACA 2011), NW Madagascar (Campagne MIRIKY 
2009); southern Madagascar (Expédition ATIMO VATAE 
2010) and from Banc de la Zélée (Expédition BENTHEDI 
1977). Type specimens of described species were examined 
where available and images made. Comparative material of 
fossil and Recent lucinids, including the important Chavan 
collection (RBINS), were studied in various museum collec-
tions (listed below).

Dry but live-collected specimens of Gibbolucina zelee n. sp.  
were reconstituted using liquid detergent for gross anatomy 
and periostracal features. Scanning electron microscope im-
ages were made using a Quanta FEI 650 FEG instrument.

ABBREVIATIONS
H  shell height;
IWP Indo-West Pacifi c Oceans;
L  shell length;
lv LV left valve;
ma million years;
PI  protoconch I length;
PII  protoconch II length;
pv  paired valves;
rv RV right valve;
SEM  scanning electron microscopy;
stn station;
T tumidity single of valve;
v  valve.

Institutions
AMS  Australian Museum, Sydney;
ANSP  Academy of Natural Sciences at Drexel University,
 Philadelphia;

NHMUK  Natural History Museum, London;
MNHN  Muséum national d’Histoire naturelle, Paris;
MRSN  Museo Regionale di Scienze Naturali, Turin;
NMW National Museum of Wales, Cardiff ;
PRI Paleontological Research Institution, Ithaca, New York;
RBINS  Royal Belgian Institute of Natural Sciences, Brussels;
SAM (CT)  South African Museum, Capetown;
SM  Sedgwick Museum of Earth Sciences, Cambridge;
USNM National Museum of Natural History, Washington DC.

SYSTEMATICS

Family LUCINIDAE Fleming, 1828
Subfamily LUCININAE Fleming, 1828

Genus Gibbolucina Cossmann, 1904

Phacoides (Gibbolucina) Cossmann in Cossmann & Peyrot, 1904: 13.

TYPE SPECIES. — Venus callosa Lamarck, 1806: Eocene, Lutetian 
(original designation).

DIAGNOSIS. — Shell small L to 15 mm, subtrigonal, ventrally round-
ed, umbones prominent. Shallow sulcus defi ning posterior dorsal 
area in most species. Lunule inset, long. Sculpture of irregular low 
commarginal lamellae. Hinge with two cardinal teeth in left valve 
and single, often bifi d, cardinal in right valve, lateral teeth absent. 
Ligament short, in shallow resilifer. Anterior adductor muscle scar 
short, narrow, detached for half to ⅔   of length, pallial line entire, 
inner shell margin smooth, interior often thickened, with pallial 
blood vessel scar in deep groove.

GEOLOGICAL RANGE. — Eocene (Lutetian) to Recent. Th e fossil 
record of Gibbolucina species extends from the early Eocene to the 
Miocene.

INCLUDED SPECIES. — Eocene. Lutetian: Gibbolucina callosa (Lamarck, 
1806) (Fig. 1A-G) and G. gibbosula (Lamarck, 1806).
Bartonian. Gibbolucina lefevrei (Cossmann, 1887) (Fig. 1J, K), 
G. axinoides (Dufour, 1881) (Fig. 1H, I), G. profunda (Dufour, 1881).
Priabonian (Ludien). Gibbolucina incomposita (von Koenen, 1893) 
see Pacaud & Ledon 2007).
Miocene Aquitanian. Gibbolucina avitensis (Cossmann & Peyrot, 
1912)(1912: 271-273, pl. 27, fi gs 14-17). Saint Avit, Landes, Aqui-
taine (MNHN.F.06430).
Burdigalian. Gibbolucina trigonula (Deshayes, 1830) Moulin de 
Gamachot, Aquitaine (Cossmann & Peyrot 1912: pl. 26, fi gs 70-
73) (Fig. 1L-P).
Pliocene. A Late Pliocene-early Pleistocene species, Gibbolucina 
salebrosa (Woods, 1931), was described from southwestern Australia 
(see Ludbrook 1978: pl. 3, fi gs 6-9) but this lacks hinge teeth, and 
the deeply scooped lunule of Gibbolucina and also has widely spaced 
prominent commarginal lamellae. We regard this species as distinct 
from Gibbolucina but in a broadly related genus (undescribed). An-
other Pliocene species, Gibbolucina confi rmans (Ludbrook, 1955), 
was described from two incomplete shells from a borehole near 
Adelaide, South Australia but the generic assignment is doubtful.
Recent. Gibbolucina zelee n. sp.

COMPARISON WITH OTHER GENERA

Despite Chavan (1969) and others including Eomiltha as 
a subgenus of Gibbolucina or, alternatively, Gibbolucina 
as a subgenus of Eomiltha (Ludbrook 1955), there is little 
similarity of shell characters (see below) and any relation-
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FIG. 1 . — Gibbolucina Cossmann, 1904  fossil species: A-G, Gibbolucina callosa (Lamarck, 1806), Eocene, Lutetian, Calcaire Grossier, Grignon, France, 
NHMUK Earth Science L 14106; A, B, exterior and interior of left valve, L 11.7 mm; C, D, exterior and interior of right valve, L 10.3 mm; E, interior of right 
valve, L 11.2 mm; F, G, detail of hinge teeth of right (E) and left (B) valves; H, I, Gibbolucina axinoides (Dufour, 1881) exterior and interior of right valve, Eo-
cene, Bartonian, Saint-Aignan-Grandlieu, Pierre-Aiguë, Loire-Atlantique, France, (MNHN.F.R53986), L 12 mm; J, K, Gibbolucina lefevrei (Cossmann, 1887) 
interior and exterior of right valve, Eocene, Bartonian, Bezu le Guery, France (MNHN), L 25 mm; L, Gibbolucina trigonula (Deshayes, 1830) interior of right 
valve, Miocene, Aquitanian, Villandraut, Gironde, France (MNHN), L 22 mm; M, N, Gibbolucina trigonula (Deshayes, 1830) Miocene, Burdigalian, Corbleu 
(Moulin de Carro), Landes, France. Images Pierre Lozouet, L 31 mm; O, P, Gibbolucina cf trigonula interior and exterior of right valve, locality as M, L 10 mm. 
Scale bar: F, G, 1.0 mm.
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ship is highly unlikely. In contrast, several described genera 
have similar characters to Gibbolucina and are likely broadly 
related. Th ese are Megaxinus (type species Lucina transversa 
Bronn, 1831), Rasta Taylor & Glover, 2000 (type species 
Rastafaria thiophila Taylor & Glover, 1997 [Taylor & Glover 
1997, 2000]), and Parvidontia Glover & Taylor, 2007  (type 
species P. laevis Glover & Taylor, 2007). To date, only Rasta 
lamyi has been included in molecular analyses (Taylor et al. 
2011, 2016) where it groups in the subfamily Lucininae.

Megaxinus species are often similar in shape to Gibbolucina 
but all lack hinge teeth, although there are sometimes irregu-
lar folds on the hinge plate. Th ey also exhibit ontogenetic 
changes in shape, becoming relatively higher and thicker 
shelled with age (Glover & Taylor 1997; Cosel & Bouchet 
2008). Furthermore, the anterior adductor muscle scar is 
longer and detached from pallial line for about ⅔   of length 
rather than about half of length in most Gibbolucina species. 
Rasta species also similarly lack hinge teeth but have a sub-
trigonal shape, higher than long, with prominent umbones 
and the two known species, R. thiophila and R. lamyi, possess 
in live or fresh shells, distinctive, long periostracal extensions 
(Glover & Taylor 1997; Taylor & Glover 1997; Taylor et al. 
2005). An earlier Rasta-like species is Megaxinus ellipticus 
var. trigona Sacco, 1901 described from the early Pliocene 
of northern Italy (MRSN BS154.02.006) and which has a 
similar higher than long shape, with sharp, curved umbones.

Another similar genus, Parvidontia, was introduced (Glover & 
Taylor 2007) based on P. laevis from New Caledonia, a small 
species with sub-circular, thin shells and small cardinal teeth. 
Subsequently, Glover & Taylor (2016) concluded that the 
P. laevis specimens were likely juvenile shells and described a 
second species, P. mutabilis Glover & Taylor, 2016, from the 
Philippines that, in larger individuals, has the general shell 
form of Megaxinus but with small cardinal teeth. Parvidontia 
is similar to Gibbolucina in shape but has a very thin hinge 
plate, a sculpture of fi ne commarginal lamellae and lacks a 
thick periostracum.

Gibbolucina zelee n. sp.
(Fig. 2A-S)

urn:lsid:zoobank.org:act:3994D94E-2522-4608-B837-513901FE615B

TYPE MATERIAL. — Holotype. Whole shell, L 15.3 mm, H 14.8 mm, 
T single valve 4.3 mm (MNHN-IM-2000-33710). Shell in 70% 
ethanol rehydrated from dried sample.
Paratypes. From type locality, MNHN-IM-2000-33711 fi gured 
1 whole shell with body rehydrated (Fig. 2E-G) L 12.7 mm, 
H 12.5 mm; 1 dry shell L 17.7 mm, H 16.2 mm; 2 whole shells, 
L 10.5 mm, H 10.7 mm, L 9.2 mm, H 9.3 mm; unfi gured 2 whole 
shells with bodies reconstituted, L 16.9 mm, H 17.4 mm, (NHMUK 
paratype 20170401), L 13.7 mm, H 13.8 mm; unfi gured 6 whole 
shells and 3 single valves.

TYPE LOCALITY. — Mozambique Channel, Banc de la Zélée, Expé-
dition BENTHEDI 1977 stn R110, 12°25’6”S, 46°16’2”E, 24 m, 
10.IV.1977. Shallow, sandy bottom in the lagoon with dense seagrass 
beds of Th alassodendron ciliatum (Th omassin et al. 2009).

ETYMOLOGY. — From French for zealous, named for Banc de la 
Zélée itself named after one of the ships of J. Dumont d’Urville’s 
Astrolabe Expedition (1837-1840).

OTHER MATERIAL EXAMINED. — Madagascar. Campagne MIRIKY, 
stn DW 3255, North of Cap Saint-André, 15°48.2’S, 44°43’E, 
36-39 m, 1 rv (L 15.3 mm) (MNHN). Campagne MIRIKY, 
stn CP3287, in front of Baie Narendry, 14°33.7’S, 47°27.9’E, 
48-54 m, 1 rv (L 14.6 mm) (MNHN). Toliara, Grand Récif de 
Tuléar, Andeteky area, outer reef slope, lower platform 24 m sand, 
Th omassin stn TUL 222, 2 lv (1 broken, and L 4.3 mm), 1 rv 
(L 10.9 mm) (MNHN). Beloza, Grand Récif de Tuléar lagoon, 
inner coral reef, coarse sand <1 m, Th omassin stn TUL 257, 1 lv 
(L 11.1 mm) (MNHN). South (2-3 mi) of Nosy Iranja, 31 mi 
(50 km) SW of Nossi Bé, 15-18 fthms (27-33 m), muddy sand, 
stn H, 12 v (ANSP 263071). West (7 mi) of Angorombalo, SW 
Nossi Bé, 35 fthms (64 m), fi ne sand and mud, stn H66, 12 v juve-
niles (ANSP 261566). West (4 mi) of Nosy N’Tangam, SW Nossi 
Bé, 20 fthms (37 m), muddy sand, stn H 68, I rv, (L 13.7 mm) 
(ANSP 260083).

DISTRIBUTION. — Mozambique Channel, Western Madagascar.

DESCRIPTION

Shell small, longer than high, L to 17.7 mm, H. to 16.0 mm, 
subtrigonal, anteriorly extended, umbones prominent. Th in, 
lightweight, glossy or waxy shell with thick periostracum; in 
a rehydrated specimen this is clear, fl exible with pleated fl aps 
(Fig. 2E). Ventral edge of periostracum extending beyond 
the shell margin (Fig. 2G). In dry specimens, periostracum 
thick and encrusting. Sculpture of irregular, widely spaced, 
low, commarginal lamellae. Shell often with growth distor-
sions (Fig. 2H). Protoconch: P1 + P2 = 210 μm, PI 189 μm, 
with PII a narrow rim with no growth increments (Fig. 2S). 
Lunule ovate, scooped, symmetrical. Ligament short, set on 
shallow resilifer. Hinge teeth: LV with two, small, cardinal 
teeth, RV with a single bifi d cardinal. Lateral teeth absent. 
Anterior adductor muscle scar medium long, detached for 
½ of length at an angle of 15°. Posterior scar small, elongate, 
ovoid. Pallial line entire. Ventral margin smooth, shell interior 
often thickened particularly across the posterior and around 
the anterior adductor scar.

Anatomy
Limited observations from a rehydrated body (Fig. 2G) show 
ctenidia with single thickened demibranchs occupying half of 
mantle cavity, a vermiform foot, simple posterior apertures 
lacking papillae and short ventral mantle fusion.

REMARKS

Gibbolucina zelee n. sp. is similar in shape and hinge characters 
to Gibbolucina trigonula from the Miocene of the Aquitaine 
Basin, France (Fig. 1O, P). Th e only other similar species 
in the Indian Ocean is Megaxinus arabicus Glover & Taylor, 
1997 (holotype NMW. Z.1995.009) described from a depth 
of 58 m off  southern Oman. Although this has the overall 
shape of Gibbolucina species, the hinge has no defi ned teeth 
only some irregular folds and the anterior adductor scar is 
longer, both features similar to Megaxinus transversus (Bronn, 
1831) .
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FIG. 2 . — Gibbolucina zelee n. sp., Banc de la Zélée, Mozambique Channel, BENTHEDI stn R110, 24 m: A-D, holotype (MNHN-IM-2000-33710) exterior and 
interior of left and right valves, L 15.3 mm; E, F, paratype (MNHN-IM-2000-33711) exterior and interior of left valve, L 12.7 mm; G, paratype (as E, F) interior 
of right valve with reconstituted body, L 12.7 mm; H-J, paratype (MNHN-IM-2000-33711) exterior of right valve and interior of right and left valves, L 17.7 mm; 
K, L, paratype (MNHN-IM-2000-33711) exterior of right valve and dorsal view, L 10.5 mm; M, N, paratype (MNHN-IM-2000-33711) exterior of left valve and dorsal 
view, L 9.2 mm; O, P, paratype (MNHN-IM-2000-33711) interior of right and left valves, L 8.9 mm; Q, R, paratype (MNHN-IM-2000-33711) detail of hinge teeth of 
right and left valves of O & P; S, protoconch of Q. Abbreviations: am, anterior adductor muscle; f, foot; ld, left demibranch; pa, posterior apertures; pm, posterior 
adductor muscle. Scale bars: Q, R, 1.0 mm; S, 100 μm. 
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Genus Barbierella Chavan, 1938

Cavilucina (Barbierella) Chavan, 1938: 115.

TYPE SPECIES. — Lucina barbieri Deshayes, 1857, early Eocene, 
Paris Basin (original designation).

DIAGNOSIS. — Small, less than 12 mm long, ovately trigonal, promi-
nent posterior sulcus, with marginal sinus. Sculpture of prominent, 
refl exed, regularly spaced, scalloped, commarginal lamellae with 
underlying radial undulations. Th ickening of lamellae aligned in 
radial lines. Lamellae raised into short spines along ventral edge of 
posterior sulcus. Lunule short, deeply impressed. Ligament short, 
external. Hinge: RV with a single narrow cardinal tooth, LV with a 
socket. Lateral teeth absent or vestigial, small anterior lateral tooth 
present in B. barbieri. Anterior adductor muscle scar short, diverg-
ing from pallial line for about ⅓   of length. Pallial line entire. Inner 
shell margin undulose to coarsely plicate.

GEOLOGICAL RANGE. — Paleocene (Late Danian) to Recent.

INCLUDED SPECIES. — Paleocene. Late Danian: Barbierella briarti 
(Cossmann, 1908) Calcaire de Mons, Belgium (see Glibert & van 
de Poel 1973: 28, pl. 5, fi g. 5).
Eocene. Barbierella barbieri (Deshayes, 1857)(1857:  651-652, 
pl. 43, fi gs 1-5) known from Ypresian and Lutetian of the Paris 
Basin, France (Fig. 3A-D); also fi gured by Cossmann & Pissarro 
(1904-6, pl. 24, fi g. 82-16). Barbierella navicula (Cossmann, 1904)
(1904: 152, pl. 10, fi gs 18-20) is a similar species from Bartonian 
sands at Bois-Gouët, Loire-Atlantique, France.
Miocene. Barbierella miobarbieri (Sacco, 1901)(1901: 97, pl. 21, fi g. 6), 
Piedmont, Italy (Fig. 3E, F), see also Merlino (2007: pl. 15, fi g. 12a, b).
Recent. Barbierella louisensis (Viader, 1951) Mauritius and Mozam-
bique Channel (Fig. 4) and synonym B. scitula Oliver & Abou-Zeid, 
1986, northern Red Sea (Fig. 4E-G).

REMARKS

Th e hinge of B. barbieri was illustrated by Cossmann (1913: 
86, fi g. 100) who claimed two cardinal teeth in each valve 
with the anterior much reduced. He also illustrated anterior 
and indistinct posterior lateral teeth in each valve but these are 
barely visible in Eocene specimens we have examined (Fig. 3B, 
C). In living B. louisensis the lateral teeth are absent and there 
are no visible cardinal teeth in the left valve but they may be 
fused with the edge of the lunule and ligamental ridge.

Prior to the introduction of the name Barbierella the placement 
of Lucina barbieri had been unstable and variously included in 
Phacoides Agassiz, 1846, Here Gabb, 1866 and Lucinisca Dall, 
1901, although Cossmann (1913: 86) recognised its unusual 
features and uncertain assignment. Proposing Barbierella as 
a subgenus Chavan (1938: 114-115) considered it related to 
but separate from Cavilucina P. Fischer, 1887 and also noted 
a possible resemblance to Recurvella Chavan, 1937 (type spe-
cies Lucina dolabra Conrad, 1833) from the Eocene of eastern 
United States of America (USA). Sacco (1901) placed B. mio-
barbieri in Here Gabb, 1866, Recent, northeastern Pacifi c, 
probably because of the deeply scooped lunule but otherwise 
the shells are dissimilar. Later, Woodring (1925: 121) stated 
“Th e lucinoid described by Sacco as Here miobarbieri from 
the Helvetian of the Piedmont basin, probably is a Pleurolu-
cina”. However, although there is some similarity of external 
sculpture the hinge teeth are quite diff erent, Pleurolucina Dall, 
1901 having two cardinal teeth and prominent lateral teeth 
in each valve. Th e deeply scooped lunule impinging on the 
cardinal teeth and commarginal lamellae resemble some living 

A B C
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FIG. 3 . — Barbierella Chavan, 1938 fossil species: A-D, Barbierella barbieri (Deshayes, 1857) Eocene, Lutetian, Parnes, Oise, France; A, B, exterior and interior 
of left valve (MNHN.F.A52519 coll. Pacaud), L 6.3 mm; C, D, exterior and interior of right valve (MNHN.F.A52520 coll. Pacaud), L 7.2 mm. Images by Peter Mas-
sicard (MNHN); E, F, Barbierella miobarbieri (Sacco, 1901) holotype of Here miobarbieri Sacco, 1901. Exterior and interior of the single right valve, Museo di Geo-
logia e Paleontologia della Universita di Torino BS, 154.09.001, Miocene, Elveziano (Langhian?), Bersano, Italy, L 17 mm. Images by Daniele Ormezano (MRSN). 
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Lamellolucina Taylor & Glover, 2002 species such as L. gemma 
(Reeve, 1850) but all species in the genus have strong lateral 
teeth. Although from shell characters we place Barbierella in 
the Lucininae the relationships of this enigmatic genus remain 
uncertain pending inclusion in molecular analyses.

Th roughout their geological range Barbierella species have 
always been rare. In the original description of B. barbieri 
Deshayes (1857: 652) remarked on “this rare and beautiful 
shell”. Sacco (1901: 97) said that B. miobarbieri (as Here) was 
rather rare in the Miocene of northern Italy. From probable 
mid-late Miocene rocks of Cyprus, Reed (1935: 5) recorded a 
partial external mold (SM C8911) of Barbierella miobarbieri (as 
Phacoides (Pleurolucina)) and Studencka et al. (1998) recorded 
B. miobarbieri as rare in mid-Miocene deposits of Parathethys.

Barbierella louisensis (Viader, 1951)
(Fig. 4A-W)

Lucina (Bellucina) louisensis Viader, 1951: 133, pl. 3, fi g. 6.

Barbierella scitula Oliver & Abou-Zeid, 1986: 222, pl. 23, fi gs 1-4.

Barbierella louisensis – Huber 2015: 430.

TYPE MATERIAL. — Lucina (Bellucina) louisensis: 3 syntypes (Via-
der mentioned 5 valves), single left valves, L 6.2 mm, H 5.2 mm; 
L 5.5 mm, H 4.7 mm (Viader fi gured shell); broken valve H 5.4 mm 
(AMS C 305545). Barbierella scitula: holotype, off  Ras Budran, 
Gulf of Suez, Red Sea, 30 m, L 8.2 mm, H 7.4 mm (NMW Z 
1982.68.1). Paratypes: (NMW.Z. 1986.11.1), L 9.4 mm, H 8.7 mm; 
(NHMUK 1986030), L 8.7 mm, H 7.7 mm.

TYPE LOCALITY. — Off  Port Louis, Mauritius.

OTHER MATERIAL EXAMINED. — Northern Mozambique Channel: 
Banc de la Zélée, Expédition BENTHEDI, stn R110, lagoon with 
sandy bottom and dense seagrass Th alassodendron ciliatum. 12°25’6S, 
46°16’2 E, 24 m, 10.IV.1977, 1 pv, co-occurs with Gibbolucina 
zelee n. sp. (MNHN). Mozambique: Inhaca Island, “Nord de la 
Passe”, Expédition INHACA stn MD13, 26°03.1’S, 33°01.0’E, 
50-53 m, 30.XI.2011, 9 v (MNHN).

DISTRIBUTION. — Northern Red Sea, Mozambique Channel, Mo-
zambique, Mauritius, Réunion.

DESCRIPTION

Small, L to 9.4 mm, H to 8.7 mm, longer than high. Ante-
riorly extended, anteriorly rounded but posteriorly truncate, 
anterior dorsal margin long. Umbones prominent. Sculpture of 
prominent, dorsally recurved, nodulose, commarginal lamel-
lae with narrow, deep interspaces. Lobate nodules on lamellae 
aligned to give appearance of radial ribbing. Posterior sulcus 
with lower, sharper lamellae and forming a curved marginal 
sinus. Shallow anterior sulci present. Anterior and posterior 
margins of posterior sulcus with some lamellae projected into 
blunt spines. Microsculpture fi nely punctate. Protoconch (In-
haca specimen) (Fig. 4W): PI + PII = 190 μm, PI = 172 μm 
smooth, PII a narrow rim. Lunule short, deeply scooped, 
smooth. Ligament short, in shallow groove. Hinge teeth: right 
valve with single cardinal tooth, left valve with central socket, 
anterior cardinal possibly fused with edge of lunule; lateral 

teeth absent. Anterior adductor muscle scar short, detached 
for about ⅓   of length, posterior scar ovate. Pallial line entire. 
Inner shell margin coarsely dentate. Colour white.

REMARKS

Th is is a rare species in the western Indian Ocean and Red 
Sea. Despite intensive sampling (Zuschin & Oliver 2003) 
there have been no other Red Sea records except that of Oli-
ver & Abou-Zeid (1986). Around Mauritius, the species has 
not been recorded since Viader’s (1951) original description 
nor from intensive sampling around southern Madagascar 
(ATIMO VATAE Expédition MNHN 2010). Th e shell from 
Réunion illustrated as B. louisensis (http://vieoceane.free.fr) is 
a species of Notomyrtea  Iredale, 1924 but the Barbierella sp. is 
B. louisensis. Major features of the anatomy of B. scitula were 
described and illustrated by Oliver & Abou-Zeid (1986). Th ese 
features are common to most lucinids and include ctenidia 
with single demibranchs, vermiform foot, short length of 
posterior mantle fusion, the inhalant aperture fringed with 
papillae and the exhalant introvert ‘siphon’.

Subfamily MILTHINAE Chavan, 1969

REMARKS

Most of the genera with living species included in the sub-
family by Chavan (1969) have now been assigned to other 
subfamilies (Taylor et al. 2011). Two genera, Miltha H. & 
A. Adams, 1853  and Eomiltha Cossmann, 1912, remain and 
the status of the subfamily is unresolved pending inclusion of 
any of the three living species in molecular analysis. Despite 
the name, shell characters of Eomiltha have little similarity 
to Miltha  and any relationship is doubtful. In the following 
section we introduce a new genus name for the living species 
usually called Eomiltha voorhoevei together with an anteced-
ent species from the Eocene. To provide background to this 
decision we briefl y review Eomiltha below.

Genus Eomiltha Cossmann, 1912

Eomiltha Cossmann in Cossmann & Peyrot, 1912: 269.

TYPE SPECIES. — Lucina contorta Defrance, 1825, Paleocene, Th ane-
tian, Abbecourt, France (original designation).

DIAGNOSIS. — Slender, fl at shelled, ovoid, anteriorly rounded, pos-
teriorly truncate with shallow sulcus. Sculpture of low commarginal 
lamellae, fi ne radial threads. Two cardinal teeth in each valve, lateral 
teeth absent. Anterior adductor muscle scar, long, narrow, arcuate 
with posterior termination beyond mid point of shell. Pallial line 
with sharp angle posteriorly to adductor scar (Fig. 7E, F). Inner 
shell margin smooth.

GEOLOGICAL RANGE. — Paleocene (Danian) to ?Miocene

INCLUDED SPECIES — Paleocene. Late Danian: Eomiltha alburgensis 
(Vincent, 1930), Calcaire de Mons, Belgium RBINS I.G. 6496 
(Fig. 5A). Th anetian: Eomiltha contorta (Defrance, 1825) (1825: 
99-100, pl. 16, fi gs 1, 2). Abbecourt, Paris Basin (Figs 5B-G; 7E, F).
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FIG. 4 . — Barbierella louisensis (Viader, 1951): A-D, Lucina (Bellucina) louisensis Viader, 1951 syntypes (AMS C.305545), off  Port Louis, Mauritius, L (A, B) 6.2 mm, 
(C) 5.5 mm, H (D) 5.4 mm. Images by A. C. Miller, Copyright: Australian Museum; E-G, Barbierella scitula Oliver & Abou-Zeid, 1986, holotype (NMW.Z.1982.68.1) 
exterior of right and interior of right and left valves (gold coated for SEM), off  Ras Budran, Gulf of Suez, Red Sea, 30 m, L 8.2 mm, Images copyright NMW; 
H-K, Barbierella louisensis, Banc de la Zélée, Mozambique Channel, BENTHEDI stn 110, 24 m; H, I, exterior and interior of left valve, L 7.8 mm; J, K, interior 
and exterior of right valve, L 7.8 mm; L-W, Barbierella louisensis Inhaca, Mozambique, INHACA stn MD13, 50-53 m (MNHN); L, M, interior and exterior of right 
valve, L 6.0 mm; N, O, exterior and interior of left valve, L 5.9 mm; P, Q, interior and exterior of right valve, L 5.9 mm; R, exterior of right valve coated SEM im-
age, L 6.5 mm; S, T, detail of hinge area of right and left valves; U, detail of lunule and dentition of right valve; V, detail of sculpture of R, ; W, protoconch. Scale 
bars, S, T, 1 mm; U, V, 500 μm; W, 100 μm. 
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Eocene. Ypresian: Eomiltha contortula (Deshayes, 1857) (1857: 
pl. 40, fi gs 19-22), Cossmann & Pissarro (1904-1906: pl. 24, 
fi g. 82-9), Paris Basin.
Eomiltha pandata (Conrad, 1833), Middle Eocene, Claiborne 
Group, Alabama, USA (Figs 5H, I; 7G). See Bretsky (1976: 290-
291, pl. 33, fi gs 4-7).
Miocene. Eomiltha scolaroi Vokes, 1969, early-mid Miocene Chipola 
Formation (Fig. 5J, K), is similar in shape to Eomiltha pandata. Eo-
miltha xustris (Gardner, 1926), Early Miocene, Alum Bluff , Florida. 
Although claimed as an Eomiltha species by Vokes (1969b) Phacoides 
(Miltha) xustris Gardner, 1926 (holotype USNM 352496) has the 
shape and adductor musculature more similar to Miltha.

REMARKS

Fossils identifi ed as Eomiltha are known from deposits in the 
eastern USA (Vokes 1969b; Bretsky 1976). Th ese are Eomiltha 
pandata (Conrad, 1833) from the mid-Eocene, Claiborne 
Group, Alabama (Figs 5H, I; 7G) and E. scolaroi Vokes, 1969 
from the early-mid Miocene Chipola Formation of Florida 
(Fig. 5J, K). Th e two species are similar to each other and 
have a subcircular, discoidal shape rather than the elongate 
shape of Retrolucina n. gen. or Eomiltha with distinct lines of 
secondary pallial attachment scars located within the pallial 
line and extending from the anterior to posterior. Eomiltha 
pandata has a widely bifi d posterior cardinal tooth in the 
right valve. Th ese north American species probably represent 
a distinct clade from the European lineages and separable at 
generic level.

Chavan (1938: 98) suggested placement in Eomiltha of 
‘Miltha’ callipteryx (Tournouer, 1874) fi gured by Cossmann & 
Peyrot (1912: pl. 27, fi gs 18-21) from the Miocene of Aquit-
aine, France. Th is has distinctive widely spaced commarginal 
lamellae and in shape is similar to Eomiltha species but has 
a much shorter anterior adductor scar and is very similar in 
shape and sculpture to the living Falsolucinoma leloeuffi   Co-
sel, 2006 from West Africa. Th e latter species is now placed 
using molecular data near to Lucina in the Lucininae (our 
unpublished data). Another putative Eomiltha species that can 
be discounted is Miltha (Eomiltha) multilamellata (Deshayes, 
1830) described and fi gured by Cossmann & Peyrot (1912: 
pl. 27, fi gs 3-7) from the Miocene of Aquitaine, but this has 
the characters of Armimiltha Olsson & Harbison, 1953) (type 
species Lucina disciformis Heilprin,  1886 from Plio-Pleistocene 
of Florida). Phacoides (Miltha) woodi Olsson, 1930 from the 
Eocene of Peru was referred to Eomiltha by Vokes (1969b: 
113) but the syntype (PRI 24173) has characters of Miltha. 
Moore (1988) refers two species from the Paleocene and Eo-
cene of California to Eomiltha; of these Gibbolucina (Eomiltha) 
packi (Dickerson 1916) is most likely a Miltha species (see 
Vokes 1939, 1969a) and G. (Eomiltha) gyrata (Gabb, 1864) 
is a compressed shell of uncertain placement.

In Eocene faunas there were several lucinid genera similar 
to Eomiltha in possession of long, narrow anterior adductor 
muscle scars extending to around the mid-line of the shells. 
A number of species lacking hinge teeth have been assigned 
to Pseudomiltha (type species Lucina gigantea Deshayes, 1825) 
but there is considerable morphological disparity among the 
species (e.g. P. mutabilis (Lamarck, 1807) suggesting probable 
diff erent clades. Another form with a long anterior adductor 

scar is the largest known lucinid, Superlucina megameris (Dall, 
1901), described from the Eocene of Jamaica (Taylor & 
Glover 2009), but previously placed in Eomiltha. Lucinids 
with very long, thin, anterior adductor muscles are absent 
from modern faunas except for Retrolucina voorhoevei n. comb.

Th ere is much confusion concerning the relationships of 
Eomiltha: it has been placed as a subgenus of Gibbolucina 
(e.g. Chavan 1938, 1969; Kilburn 1974) but there is lit-
tle similarity of shells. Alternatively, it has been classifi ed as 
subgenus of Miltha (e.g. Bretsky 1976) but the shells diff er 
in shape and musculature.

Genus Retrolucina n. gen.

urn:lsid:zoobank.org:act:DAFC3EBA-0C19-4D63-8248-65A6F761670A

TYPE SPECIES. — Lucina voorhoevei Deshayes, 1857. Recent, West-
ern Indian Ocean

DIAGNOSIS. — Shell large L to 80 mm, thin-shelled, ovoid, laterally 
compressed, longer than high, tapering to anterior and posterior. 
Umbones low. Posterior dorsal area faintly delineated by shallow 
sulcus. Sculpture generally smooth with growth lines, sometimes 
with irregular short anterior and posterior marginal folds. Lunule 
small, narrow, triangular. Hinge line thin, two small bifurcate car-
dinal teeth in both valves, lateral teeth absent. Anterior adductor 
muscle scar long, narrow, curved, extends ventrally to past mid-line 
of shell, detached and widely separated from pallial line for nearly 
all of length. Pallial line narrow, entire. Shell interior with fi ne radial 
ridges. Inner shell margin smooth.

ETYMOLOGY. — Latin ‘retro’ – backwards and lucina in reference 
to similarity of Eocene species to the sole living species. Feminine.

DISTRIBUTION. — Western Indian Ocean particularly Mozambique.

GEOLOGICAL RANGE. — Lucina defrancei Deshayes, 1857, Eocene, 
Lutetian, Paris Basin (Fig. 6I-N) is very similar to R. voorhoevei 
n. comb.  in shape, external sculpture, hinge teeth, and characters 
of anterior adductor muscle scar.

REMARKS

Previously included in Eomiltha, R. voorhoevei n. comb. diff ers 
from the type species by a number of characters. In shell out-
line, R. voorhoevei n. comb.  tapers posteriorly compared with 
E. contorta that is posteriorly truncate with a shallow sinus. 
Th e shell exterior is smooth compared with the more rugose 
Eomiltha, the anterior adductor scar is thinner and longer and 
the cardinal teeth smaller. In Retrolucina n. gen. the pallial line 
lacks the posterior angle towards the posterior adductor scar of 
Eomiltha contorta. Although Retrolucina n. gen. and Eomiltha 
are clearly related such morphological diff erences within liv-
ing lucinids would suggest diff erent generic placement. Th is 
is demonstrated by the various laterally compressed lucinids 
(e.g. Gloverina, Taylorina, Dulcina, Elliptiolucina) described 
from Indonesia and Philippines by Cosel & Bouchet (2008) 
with several of these later corroborated by molecular analyses 
(Taylor et al. 2011, 2014, 2016).

An Eocene (Lutetian) species usually referred to Eomil-
tha is Lucina defrancei Deshayes, 1857 (synonym L. cuvieri 
Bayan, 1870) from the Paris Basin (Figs 6I-N; 7C, D) it 
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is very similar to Retrolucina voorhoevei n. comb. in shell 
characters and we regard it as congeneric and an anteced-
ent. Despite an extensive literature and collection search 
we failed to fi nd any species resembling R. defrancei and 
R. voorhoevei n. comb. recorded from deposits between the 
Eocene and present day.

Further back in geological time we previously (Taylor & 
Glover 2000, 2006) compared Illiona prisca (Hisinger, 1837) 

from the Silurian of Gotland, Sweden with R. voorhoev-
ei n. comb., it has a similar fl at-shelled, elongate-ovate shape 
and internally has a very long anterior adductor muscle scar 
that extends posteriorly to the midline of the shell. Th e re-
semblance in shape is remarkable but, in the absence of any 
fossil record of similar forms from the later Palaeozoic through 
the Mesozoic, likely results from morphological convergence 
rather than phylogenetic continuity.
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FIG. 5 . — Eomiltha Cossmann, 1912 fossils: A, Eomiltha alburgensis (Vincent, 1930) exterior of left valve, Paleocene, Danian, Calcaire de Mons, Mons, Belgium, 
(RBINS IG 5496), L 32 mm; B, C, Eomitha contorta (Defrance, 1825), exterior and interior of right valve, Paleocene, Thanetian, Abbecourt, Oise, France (MNHN), 
L 52 mm; D-F, Eomitha contorta (Defrance, 1825) interior and exterior of right valve and exterior of left valve, Paleocene, Thanetian, Sables de Bracheux, Beau-
vais, France, (RBINS IG 8260), L 43 mm; G, Eomiltha contorta dorsal view, Abbecourt, (MNHN), L 54 mm; H, I, ‘Eomiltha’ pandata (Conrad, 1833), Eocene (mid.), 
Gosport Sand, Claiborne Formation, Alabama, USA (PRI 34183), L 34 mm; J, K, ‘Eomiltha’ scolaroi Vokes 1969b, holotype, (USNM 646423), early Miocene, 
Chipola Formation, Farley Creek, Calhoun Co. Florida, USA, L 32.6 mm. 
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FIG. 6 . — A-H, Retrolucina voorhoevei n. comb.  (Deshayes, 1857), Recent; and I-N, R. defrancei (Deshayes, 1857), Eocene; A-C, exterior of right and interiors of right and 
left valves, Mozambique (ANSP 234103), L 70 mm; D, E, exterior and interior of left valve, Mozambique (USNM 628930), L 78 mm; F, dorsal view (NHMUK 20170373), 
L 78 mm; G, H, details of hinge of right and left valves (NHMUK 20170373), scale bar, 10 mm; I, J, Retrolucina defrancei (Deshayes, 1857) exterior and interior of left valve 
Eocene, Lutetian, Chaumont-en-Vexin, Oise, France (MNHN.F.J07396), L 35 mm; K, L, Retrolucina defrancei (Deshayes, 1857), Eocene, Lutetian, Chaussy, Seine et Oise, 
France, (RBINS IG10591), L 71 mm; M, N, Retrolucina defrancei (Deshayes, 1857), Eocene, Lutetian, Parnes, France, Deshayes collection (NHMUK 33283a), L 50.4 mm.
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Retrolucina voorhoevei (Deshayes, 1857) n. comb.
(Figs 6A-H; 7A, B)

Lucina voorhoevei Deshayes, 1857: 106, pl. 2, fi g, 1. Holotype not 
located. Dance (1986: 154) lists 1872 sales catalogue of J. Voorho-
eve collection where the holotype of Lucina voorhoevei was sold to 
H. C. R. van Lannep and then later listed in the 1876 sale catalogue 
of his collection (Jutting 1939) but its subsequent whereabouts is 
unknown.

Lucina mirabilis Dunker, 1865: 77, pl. 26, fi gs 7-9.

Gibbolucina (Eomiltha) voorhoevei – Chavan 1938: 93. — Kilburn 
1974: 343, fi gs 6, 7.

Eomiltha voorhoevei – Oliver 1995: 236, fi g. 1029. — Huber 2015: 
106, 458.

TYPE LOCALITY. — Not given in original but cited as Mozambique 
by Heukolom 1866.

MATERIAL EXAMINED. — Algoa Bay (unlikely) (NHMUK 20170373); 
Mozambique (USNM 628930); Mozambique (ANSP 234103); 
Mozambique: Mucoque, near Vilanculos (MNHN).

DISTRIBUTION. — Mozambique: Mucoque (MNHN), Inhassoro, 
Mucoque and Bazaruto Island (Kilburn 1974); Madagascar: NW 
Madagascar (ANSP); Kenya: Ukunda (Huber 2015); Oman: Ma-
sirah (Oliver 1995), Muscat (NMW BV6059).

A B
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D

FIG. 7 . — Eomiltha Cossmann, 1912  and Retrolucina n. gen., outline drawings of interiors of valves: A, Retrolucina voorhoevei n. comb.  (Deshayes, 1857), Recent, 
Mozambique (USNM 628930); B, Retrolucina voorheoevi Recent, Mozambique (ANSP 234103); C, Retrolucina defrancei (Deshayes, 1857) Eocene, Lutetian, 
Chaumont-en-Vexin, France (MNHN.F.J07396); D, Retrolucina defrancei (Deshayes, 1857) Eocene. Lutetian, Parnes (NHMUK 33283a); E, F, Eomiltha contorta 
(Defrance, 1825) Paleocene, Thanetian, Abbecourt (MNHN); G, ‘Eomiltha’ pandata (Conrad, 1833) Eocene, Claiborne Formation, USA (NHMUK L 4402). Not to scale.
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HABITAT. — No live collected specimens are known. Most records 
are beach collected and the species is assumed to live subtidally but 
Huber (2015) records dead shells at 5 m depth in southern Kenya.

DESCRIPTION

Shell large, L to 80 mm, ovoid, tapering to anterior and 
posterior, thin shelled, relatively fl at T 8.3 mm single valve. 
Umbones small, low. Posterior dorsal area faintly delineated 
by shallow sulcus. Sculpture generally smooth with irregular 
growth lines. Lunule small, narrow, triangular. Ligament short, 
set in shallow groove. Hinge line thin, RV with two cardinal 
teeth the posterior bifurcate, anterior tooth smaller, LV with 
two cardinal teeth, anteriormost bifurcate; lateral teeth absent 
in both valves. Anterior adductor muscle scar long, narrow, 
curved, extends ventrally to past mid-line of shell, detached 
and widely separated from pallial line for nearly all of length. 
Posterior adductor scar reniform. Pallial line narrow, entire. 
Pallial blood vessel scar visible, terminating ventrally at lower 
part of anterior adductor scar. Shell interior with fi ne radial 
ridges and sometimes exposed organic layers. Shell outside 
pallial line glossy, margin smooth.

REMARKS

Among living Lucinidae Retrolucina voorhoevei n. comb.  has 
an unusual, elongate, laterally compressed shell shape that 
is only matched by some deep water taxa such as Gloverina 
and Elliptiolucina (Cosel & Bouchet, 2008) or Jorgenia (Tay-
lor & Glover, 2009) but these have short anterior adductor 
muscle scars and molecular results show they belong in the 
Myrteinae (Taylor et al. 2014,  2016). By contrast, although 
details of habitat are lacking, the presence of dead shells on 
beaches suggests that R. voorhoevei n. comb.  is a shallow 
subtidal species. Th e Eocene congener, R. defrancei, was also 
a shallow water species recorded by Courville et al. (2012) 
from the Paris Basin at Damery (Lutetian), in beds associated 
with cerithiid and potamidid gastropods.

Subfamily MONITILORINAE Taylor & Glover, 2011

REMARKS

Th is subfamily was introduced for subcircular lucinids with 
closely spaced commarginal lamellae and fi ne radial ribs in the 
interspaces. Th e single species included in molecular analyses, 
Monitilora ramsayi (Smith, 1885), forms a separate branch 
with an unstable position (Taylor et al. 2011, 2014, 2016) but 
never aligns within any other of the major clades of Lucinidae.

Genus Monitilora Iredale, 1930

Monitilora Iredale, 1930: 390.

TYPE SPECIES. — Lucina ramsayi Smith, 1885 (original designation).

DIAGNOSIS. — Shell white, subcircular, H to 25.0 mm, moderately 
infl ated, light-shelled. Sculpture of fi ne, rounded, closely spaced, 
commarginal lamellae with fi ne radial riblets in the interspaces. 

Lunule, sunken, asymmetric with greater part in left valve. Hinge 
plate narrow, right valve with a single small cardinal tooth, small 
anterior lateral tooth; left valve with two small cardinal teeth and 
no lateral teeth. Anterior adductor scar medium length, ventrally 
detached for ½ of length, dorsal part much broader than ventral 
extension. Pallial line entire, shell margin smooth.

INCLUDED SPECIES. — M. ramsayi (Smith, 1885), M. subtilis Glover & 
Taylor, 2016, M. sepes (Barnard, 1964), M. bonneti (Cossmann, 1923).

GEOLOGICAL RANGE. — ?Early Cretaceous, Paleocene to Recent.

REMARKS

Originally described from eastern Australia (M. ramsayi), species 
are now known from the Philippines (M. subtilis) and a poorly 
documented species from southern India, originally described 
from Pliocene deposits (M. bonneti), as well as M. sepes from 
the southwestern Indian Ocean. An undescribed species is 
present in collections (NHMUK) from western Th ailand. It 
should be noted that, excepting M. ramsayi, various Australian 
species that have been placed in Monitilora (e.g. Lamprell & 
Whitehead 1992) belong in other genera.

Shells with characters very similar to the living Monitilora 
ramsayi and other species can be recognised from the early 
Paleocene. For example, Monitilora duponti (Cossmann, 1908) 
from the Calcaire de Mons, Belgium (Danian) (Fig. 8A, B) was 
previously classifi ed in the genus by Chavan (1937-1938), and 
also Monitilora concinna (Deshayes 1857) from the Th anetian 
of the Paris Basin. Recorded from the Eocene of the Paris Basin 
(Lutetian-Bartonian) are Monitilora elegans (Defrance, 1824) 
and Monitilora baudoni (Deshayes, 1857) (Fig. 8C, D). Th e 
post-Eocene fossil record of Monitilora is scant and poorly 
documented; species are known from Miocene (Badenian) of 
Poland (Studencka 1986), Japan (Itoigawa 1957), Pliocene 
of India (Cossmann 1923) and Pliocene of South Australia 
(Ludbrook 1955).

Molecular analysis (Taylor et al. 2011) suggests that Moniti-
lorinae split from other lucinids at least by the mid-Cretaceous. 
Some Monitilora-like bivalves were present in the Mesozoic 
but have been placed in Mesomiltha or Myrtea. Examples are 
Mesomiltha cf fallax, from the Cretaceous (Cenomanian) of 
India (Kendrick & Vartak 2007, fi gs 13I-M) and Myrtea? 
monobeana Tashiro & Kozai (1988: 36, pl. 2 fi gs 29-32, text 
Fig. 2) from the early Cretaceous of Japan.

Monitilora sepes (Barnard, 1964)
(Fig. 8E-Q)

Phacoides sepes Barnard, 1964: 25, fi g. 6b.

Gonimyrtea sepes – Kilburn 1973: 701.

Monitilora sepes – Huber 2015: 445.

TYPE MATERIAL. — 3 syntypes (SAM A9529).

TYPE LOCALITY. — Off  Morewood Cove, Natal, 27 fms (49 m).

MATERIAL EXAMINED. — Mozambique. Inhaca Island, Sud Ponta 
Abril, Expédition INHACA, 2011 stn MD17, 26°09.1’S, 32°58.0’E, 
33-39 m, 3 v, 01.12.2011 (MNHN). Inhaca Island, devant La Passe, 
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Expédition INHACA, stn MD11, 26°04.8’S, 32°59’E, 24-32 m, 
5 v, 30.XI.2011 (MNHN). Devant La Passe, stn MD15, 26°05.0’S, 
32°59’E, 35 m, 5 v, 01.XII.2011(MNHN).

South Madagascar. Expédition ATIMO VATAE, secteur de La-
vanono, stn BP34, 25°25.8’S, 44°55.4’E, 14-15 m, 1 pv (L 13.9 mm) 
(MNHN).
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FIG. 8 . — Monitilora Iredale, 1930, Palaeogene fossils (A-D) and Monitilora sepes (Barnard, 1964) Inhaca, Mozambique (E-Q): A, B, Monitilora duponti (Cossmann, 
1908) Paleocene, Danian, Calcaire de Mons, Mons Puits Coppée, Belgium (RBINS I.G. 6544), L 17.5 mm; C, D, Monitilora obliqua baudoni (Deshayes, 1857) 
Eocene, Lutetian, Amblainville, Oise, France, Chavan collection (RBINS I.G. 21.735), L 18 mm; E, F, Monililora sepes exterior and interior of left valve, Inhaca 
stn MD11, L 15 mm; G, H, exterior and interior of right valve, Inhaca stn MD15, L 12.1 mm; I, J, exterior and interior of right valve, Inhaca stn MD15, L 10.2 mm; 
K, L, exterior and interior of right valve, Inhaca stn MD15, L 10.1 mm; M, interior of left valve, Inhaca stn MD15, L 8.4 mm; N, O, detail of hinge teeth of left and 
right valves of H, I; P, detail of external sculpture of K; Q, protoconch of H. Scale bars: N, O, 1.0 mm; P, 500 μm; Q, 100 μm.



138 ZOOSYSTEMA • 2018 • 40 (7)

Taylor J. D. &. Glover E. A.

DESCRIPTION

Shell white, subcircular, L to 15 mm, moderately infl ated, 
light-shelled, posterior dorsal area shallowly demarcated. 
Sculpture of fi ne, low, closely spaced, commarginal lamellae, 
interspaces with radial riblets. Protoconch PI + PII = 264 μm, 
P II a narrow 17 μm rim (Fig. 8Q). Lunule short, scooped. 
Hinge plate narrow, RV with single small cardinal tooth and a 
small anterior lateral tooth, LV with two small cardinal teeth. 
the posteriormost longer and thinner, no lateral teeth. Ante-
rior adductor scar medium length, detached for ½ of length, 
dorsal part much broader than ventral extension. Pallial line 
entire, shell margin smooth.

REMARKS

In the original description this species was poorly illustrated 
with only drawings of the hinge of one valve and a small por-
tion of shell sculpture. It is therefore unsurprising that its 
affi  nities remained uncertain. Th e shell sculpture and hinge 
match with the shells from the Inhaca samples and place-
ment in Monitilora can be confi rmed. Huber’s (2015) generic 
assignment followed advice from present authors. Th e Mo-
zambique and Natal records are distant from other recorded 
Monitilora species from eastern Australia, Philippines, Th ai-
land and southern India and represent a considerable range 
extension for the genus. Apart from the eastern Australian 
M. ramsayi, shells are rarely present in museum collections.

DISCUSSION

Th ere are species of lucinid genera living today only in the 
western Indian Ocean that have origins and congeners in 
the early Palaeogene of northwestern Europe: Barbierella 
from the Paleocene (mid-Danian 60 ma) and Retromiltha 
and Gibbolucina from the Eocene (Lutetian c. 45 ma). 
Barbierella species have always been rare with a patchy fos-
sil record to the mid-Miocene. Retrolucina n. gen. has no 
known fossil record between the Eocene and present day 
and the most recent fossil record of Gibbolucina species 
comparable to our generic concept dates from the Miocene 
(Aquitanian) of southern France. Monitilora species are also 
known from the Paleocene and maybe even earlier, the few 
living species are uncommon but more widely distributed 
in the Indo-West Pacifi c with the Mozambique species, 
M. sepes, isolated from other congeners. Th ese genera are 
considerably older (62-45 ma) than the median ages for 
living Indo-West Pacifi c bivalves documented by Flessa & 
Jablonski (1996) i.e., total 8.6 ma and 14.7 ma for genera 
with a fossil record. By comparison, other Lucinidae that are 
abundant in coral reef faunas of the tropical Indian Ocean 
such as Codakia Scopoli, 1777, Ctena Mörch, 1861 and 
Pillucina Pilsbry, 1921 date from the Miocene or Pliocene 
(Taylor et al. 2011), with, for example, the dominance of 
Codakia species in tropical seagrass communities dating 
only from the early Pliocene.

Th e survival of Retromiltha, Barbierella and Gibbolu-
cina species in the Mozambique Channel and a few other 

locations in the western Indian Ocean runs counter to 
conventional wisdom concerning species attributes that 
confer resistance to extinction (McKinney 1997; Harnik 
et al. 2012; Finnegan et al. 2015). Th at is their populations 
are small, with seemingly narrow distributional ranges that 
have been so for considerable periods of time. Th e fossil 
record is so sporadic that they could be regarded as ‘Lazarus 
taxa’ (Jablonski 1986; Fara 2001), that is genera thought to 
have become extinct but reappear at more recent horizons. 
Although their survival is problematic, populations of the 
bivalves could have been tucked away in small refugia with 
low preservational potential or less likelihood of subsequent 
discovery. Low latitude Palaeogene and Neogene faunas, 
are generally less well preserved and less well researched 
than the excellent preservation of the Eocene faunas of 
the Paris Basin or the Miocene molluscs of the Aquitaine 
Basin and northern Italy, with shells often dissolved away 
and preserved as molds and casts with small species par-
ticularly vulnerable to loss.

How did these genera of western European origin end up 
in the western Indian Ocean? Closure of Tethyan Seaway 
in the Middle East that connected the proto Mediterranean 
and eastern Atlantic with the Indian Ocean occurred in early 
Miocene (Late Burdigalian c. 19 ma) with another short-
lived marine connection in the mid-Miocene (Langhian 
c. 14 ma) although diff erentiation of faunas between the 
western and eastern Tethys was apparent during the Oli-
gocene (Harzhauser et al. 2007). Extinction of the many 
Mediterranean and eastern Atlantic taxa followed during 
the Late Miocene. Various analyses have demonstrated that 
centres of marine diversity moved from Western Tethys in 
the Eocene, eastwards to Arabia in the Oligocene and early 
Miocene and to the central IWP from the later Miocene to 
Recent (Harzhauser et al. 2008; Renema et al. 2008). We 
suggest that Gibbolucina, Barbierella and Retrolucina n. gen. 
were confi ned to the western Indian Ocean at least by the 
middle Miocene and maybe earlier. Th e northwards drifting 
Indian land mass and the north-south trending Mascarene 
Banks likely formed a barrier to eastwards dispersal isolat-
ing the western Indian Ocean faunas (see Obura 2015: 
fi g. 1). Unfortunately, there is no fossil evidence, so far, of 
these long-lived genera in Cenozoic deposits of the western 
Indian Ocean.

In comparison to the lucinids, Obura (2012, 2015), in a 
study of the biogeographic history of western Indian Ocean 
corals, documented several ‘relict’ genera of Palaeogene, western 
Tethys origin surviving in the region particularly the Mozam-
bique Channel and East African coast but which had failed to 
spread to the central IWP. He developed the hypothesis that 
the tectonically and oceanographically stable Mozambique 
Channel preserves old lineages, the most publicised being 
the coelacanth, Latimeria chalumnae Smith, 1939 (Fricke & 
Hissmann 2000).

Most living records of these ‘old’ lucinid genera occur 
in the Mozambique Channel and on the eastern African 
coast. Th e separation of Madagascar from Africa to form 
the Mozambique Channel occurred in the early Creta-
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ceous c. 120-130 ma (Rabinowitz et al. 1983; McCall 
1997; Rabinowitz & Woods 2006) and its confi guration 
has remained generally stable since that time within a 
relatively tectonically inactive western Indian Ocean. Th e 
channel is notable for complex eddy systems (Schouten 
et al. 2003; Sabarros et al. 2009) that likely result in larval 
retention and a possible resilience of communities and 
populations. Evidence from the protoconchs of Lucinidae 
shows that there is considerable variation in larval develop-
ment and potential for dispersal; some species have a large 
protoconch II with many growth increments suggesting 
prolonged planktonic lives while others show little or no 
growth of PII suggesting rapid settlement or non-feeding 
planktonic stage (Glover & Taylor 2016). Both Barbierella 
louisensis and Gibbolucina zelee n. sp.  have protoconchs 
with little growth in PII (Figs 2S, 4W), as does Monitilora 
sepes (Fig. 8Q) but the morphology of the larval shell of 
Retrolucina voorhoevei n. comb.  is not known. Our evidence 
suggests limited dispersal abilities of the species.

In addition to the main subjects of this paper Loripes 
clausus (Philippi, 1848) is an often abundant species in 
seagrass beds ranging from Red Sea and eastern coast of 
Africa and Western Madagascar (Macnae & Kalk 1962). 
Th is is the only species of Loripes living in the Indo-West 
Pacifi c realm but its distribution is confi ned to the west-
ern Indian Ocean particularly eastern Africa and western 
Madagascar. Its sister species (Taylor et al. 2016) is Loripes 
orbiculatus Poli, 1791, from the Mediterranean and eastern 
Atlantic (UK to Mauritania). In contrast to Gibbolucina, 
Retrolucina n. gen.  and Barbierella, the earliest fossil Loripes 
Poli, 1791  date from the early Miocene (Loripes dujardini 
(Deshayes, 1850), Aquitanian). Th e disjunct distribution 
of the two Loripes species may date from the closure of 
the Tethyan seaway in the early Miocene. Another species 
of Loripes, L. araiogramma Oliver & Chesney, 1997, was 
described from southern Oman but Huber (2015) placed it 
in Lucinella as it has obliquely incised sculpture not present 
in Loripes species. Lucinella divaricata (Linnaeus, 1758) 
from the Mediterranean and Eastern Atlantic is the only 
other recognised species of the genus that fi rst appeared 
in the mid-Miocene. Th e Oligocene genus Paralucinella 
Chavan, 1951 (type species Lucina undulata Lamarck, 
1806) lacks the internal ligament of Lucinella and Loripes 
and belongs in a diff erent clade. Also similar in history is 
the divaricately sculptured Bourdotia (type species Lucina 
bourdoti Cossmann, 1882) fi rst described from early Eocene 
to Oligocene of Europe but with a single surviving spe-
cies B. boschorum (Dekker & Goud, 1994) living around 
southern Oman.

Another rare lucinid from the western Indian Ocean is 
Rasta lamyi (Abrard, 1941) recorded from the northern Red 
Sea and off  northern Madagascar (Glover & Taylor 1997; 
Taylor et al. 2005), the only other known species is R. thi-
ophila (Taylor & Glover, 1997) from the Houtman Abrolhos 
and Shark Bay area of Western Australia. Th is distribution 
is puzzling but recent predictive ocean drift maps of marine 
debris ( PlasticAdrift.org) show that items entering the water 

in mid-Western Australia will drift towards Madagascar and 
eastern Africa. A diff erent history is suggested for Lucina 
roscoeorum (Kilburn, 1974) distributed along the eastern 
African coast from Natal to Kenya, (Inhaca, Mozambique 
samples MNHN) is the only species of the genus living 
in the Indo-West Pacifi c Oceans. Th e nearest similar spe-
cies are Lucina carnosa Dunker, 1858 from South Africa 
and, L. adansoni d’Orbigny, 1840 and L. goreensis (Jaeckel, 
1927) from West Africa. Th is distribution of species sug-
gests that L. roscoeorum may have originated by migration 
from southern Africa.

For lucinid bivalves our results have highlighted the pres-
ence of endemic species and genera in the western Indian 
Ocean and in particular the Mozambique Channel area 
and these add to increasing evidence of the southwestern 
Indian Ocean as a distinct biogeographic realm (Houart & 
Héros 2013, 2015; Hoareau et al. 2013; Obura 2015) with 
survivors dating from before the Miocene closure of the 
Tethyan Seaway.
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