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NEOGENE TONNOIDEAN GASTROPODS OF TROPICAL AND SOUTH AMERICA:
CONTRIBUTIONS TO THE DOMINICAN REPUBLIC AND PANAMA PALEONTOLOGY
PROJECTS AND UPLIFT OF THE CENTRAL AMERICAN ISTHMUS

A. G. Beu

GNS Science, P. O. Box 30368, Lower Hutt, New Zealand 5040, email a.beu@gns.cri.nz.

ABSTRACT

The 142 species of tonnoidean gastropods recorded from the Neogene to Recent faunas of tropical America (Mexico, and
a few taxa from Florida and California, south to Ecuador and Brazil) are revised, along with the 12 species of Neogene to
Recent Personidae and Ranellidae occurring in Chile and Argentina. Taxa included are: (1) BURSIDAE: Bursa, 11 species,
including the eastern Atlantic species B. scrobilator (Linnaeus, 1758) in the Pliocene and Pleistocene of tropical America;
Aspa marginata (Gmelin, 1791), an eastern Atlantic species recorded in the Pliocene-Pleistocene of Limén, Costa Rica;
Crossata, with one eastern Pacific species (California to Peru); Marsupina, five species, including M. judensis n. sp. (Miocene,
Punta Judas, Costa Rica). (2) PERSONIDAE: Distorsio, 12 species, including D. biangulata n. sp and D. jungi n. sp. (both
Miocene, Cantaure, Venezuela); Personopsis, one Recent species. (3) RANELLIDAE, RANELLINAE: Argobuccinum, one
species; Fusitriton, three species; Halgyrineum, one species; Priene, one Chilean species; Ranella, three species, including
R. chilena n. sp. (Oligocene-Miocene, Chile); Ameranella, one species. (4) RANELLIDAE, CYMATIINAE: Cabestana,
one living southwestern Atlantic species; Charonia, three species; Crassicymatium crassicordatum n. gen., n. sp. (Oligocene-
Miocene, Chile); CGymatium, four species; Gelagmz, one species; Gutturnium, one species; Linatella, one species; Monoplex,
31 species, including M. gatunicus n. sp. (Miocene, Panama), M. jackwinorum n. sp. (Miocene, Venezuela), M. longispira
n. sp. (Miocene, Dominican Republic), M. panamensis n. sp. (Miocene-Pliocene, both coasts of Panama), and two species
left unnamed; Ranularia, three species; Reticutriton, five species, one left unnamed; Sepza, two species, including S. landaui
n. sp. (Miocene-Pliocene, Dominican Republic); Turritriton, four species; Sassia, seven species, including S. warreni n. sp.;
Cymatiella, one species, C. vokesorum n. sp. (the last two both Miocene-Pliocene, Dominican Republic). (5) CASSIDAE,
CASSINAE: Cussis, 12 species, including C. altispira n. sp. (Plio-Pleistocene, Dominican Republic, Atlantic Costa Rica, and
Panama) and C. costulifera n. sp. (Pliocene, Atlantic Costa Rica, and Panama); Gypraecassis, six species, including C. cantaurana
n. sp. (Miocene, Cantaure, Venezuela); Galeodea, one species; Sconsia, six species. (6) CASSIDAE, OOCORYTHINAE:
Dalium, two species; Oocorys, one species. (7) CASSIDAE, PHALIINAE: Echinophoria, three species; Semicassis, five species.
(8) TONNIDAE: Eudolium, one species; Malea, nine species, including two unnamed; 7onna, two species. Although Ficus is
now included in the superfamily Ficoidea, and most tropical American Ficidae are not included here, the three Ficus species
in the Dominican Republic are described in an Appendix: £ bernardi n. sp., E gibsonsmithi n. sp., and F lisselongata n. sp.

Neosconsia ecuadoriana Olsson, 1942 (Pliocene, Ecuador), is transferred to the family Buccinidae. The Argentinean
Oligocene/Miocene species Ocenebra (?) rada (Thering, 1907), Xymene obliteratus (Cossmann, 1899), and Urosalpinx (sensu
lato) dautzenbergi (Thering, 1897) are transferred to the family Muricidae. lpunina viadimiri Nielsen & Frassinetti, 2008
(Litiopidae; formerly thought to be an Oocorys species), is recorded from Cantaure, Venezuela. Charonia seguenzae (Aradas
& Benoit, 1870) is a fourth Recent Charonia species limited to the eastern Mediterranean Sea.

The occurrences of the atlantiphile species Linatella caudata (Gmelin, 1791) in Armuelles Formation (Early Pleistocene),
Burica Peninsula, Pacific Panama, and of the paciphile species Malea ringens (Swainson, 1822) in the Moin Formation
(latest Pliocene-earliest Pleistocene), Limén, Atlantic Costa Rica, indicate that a shallow seaway still allowed intermittent
transport of planktotrophic molluscan larvae between the eastern Pacific and the western Adantic during latest Pliocene-
earliest Pleistocene time. For much of Late Pliocene and Early Pleistocene time, the Central American Isthmus would have
alternated between a land bridge during glacial periods of low sea level and a shallow seaway during interglacial periods of
high sea level, until rising above sea level permanently at around 2 Ma.

Taxonomic decisions made herein include type locality designations for Bursa asperrima Dunker, 1862 (Hawaii), B.
grayana Dunker, 1862 (off of Mucuripe, Fortaleza, Brazil), T7iton ranelloides Reeve, 1844 (Sagami Bay, Japan), Ranella rugosa
G. B. Sowerby II, 1835 (Perlas Islands, Panama Bay), Ranella coriacea Reeve, 1844 (Ile Gorée, Sénégal), Ranella ampullacea
Valenciennes, 1858 (Chiloé Island, Chile), Buccinum caudatum Gmelin, 1791 (Bohol Island, Philippines), Fusus cutaceus
Lamarck, 1816 (Bohol Island, Philippines), Cassidaria cingulata Lamarck, 1822 (Bohol Island, Philippines), 7riton amictum
Reeve, 1844a (off of Isla San José, Perlas Islands, Panama Bay), Triton ficoides Reeve, 1844 (Gorée, Sénégal), Fusus wiegmanni
Anton, 1838 (Venado Island, Panama), Triton cynocephalum (Lamarck, 1816 (Bahia, Brazil), Triton moritinctus Reeve, 1844
(Bahia, Brazil), Triton gibbosus Broderip, 1833 (Panama Bay), and Cassis abbreviata Lamarck, 1822 (Barbados). The type
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locality of Triton constrictus Broderip, 1833, is corrected from St. Elena to Manta, Ecuador. Lectotype designations are made
for Ranella caelata Broderip, 1833, Murex scrobilator Linnaeus, 1758 (with type locality designation of Palermo, Sicily),
Ranella ventricosa Broderip, 1833, Buffo spadiceus Montfort, 1810, Ranella granulata Lamarck, 1816 (with type locality
designation of off of Cayenne, Guiana), Ranella nana Broderip & G. B. Sowerby 1, 1829, Ranella albofasciata G. B. Sowerby
11, 1841, Distorsio gatunensis Toula, 1909, Tritonium thersites Philippi, 1887, Triton cancellatus Lamarck, 1816 (with type
locality designated as Maldonado, Uruguay), Neptunea magellenica Roding, 1798, Triton rudis Broderip, 1833, Tritonium
gemmiferum Euthyme, 1889, Murex olearium Linnaeus, 1758 (with type locality designated as Palermo, Sicily), Ranella
gigantea Lamarck, 1816, Triton variegatum Lamarck, 1816, Murex femorale Linnaeus, 1758, Triton lotorium Lamarck, 1816,
Triton tigrinum Broderip, 1833 (with type locality designated as Corinto, Nicaragua), T7iton lignarius Broderip, 1833 (with
type locality designated as Panama Bay), Triton turtoni E. A. Smith, 1890, Triton gallinago Reeve, 1844 (with type locality
designated as Mauritius Island), 77iton aegrotus Reeve, 1844 (with type locality designated as Mauritius Island), Zrironium
exiguum Philippi, 1887, Buccinum flammeum Linnaeus, 1758 (with type locality designated as Grand Bahama Island), Cassis
madagascariensis Lamarck, 1822 (with type locality designated as Beaufort, North Carolina), Buccinum tuberosum Linnaeus,
1758 (with type locality restricted to Puerto Plata, Dominican Republic), Buccinum plicatum Linnaeus, 1758, Cassis labiata
Conrad, 1849, Buccinum testiculus Linnaeus, 1758, Cassidaria striata Lamarck, 1816 (with type locality designated as Punta
Alegre, Cuba), Cassidaria sublaevigata Guppy, 1866, Cassidea granulosa Bruguiere, 1792, Cassis abbreviata Lamarck, 1822
(with type locality designated as Barbados), Cassis monilifera Guppy, 1866, Malea camura Guppy, 1866, Cassis ringens
Swainson, 1822 (with type locality designated as Acapulco, Mexico), and Ficus pilsbryi B. Smith, 1907. The lectotype
designation of B. grayana (incorrectly cited by Beu, 1987) is corrected. Neotype designations are made for Biplex corrugata
Perry, 1811, Bufonaria pesleonis Schumacher, 1817, Apollon quercina Mérch, 1853, Buccinum marginatum Gmelin, 1791,
Ranella laevigara Lamarck, 1822, Eione inflata Risso, 1826, R. tenuis Potiez & Michaud, 1838, R. californica Hinds, 1843,
Murex bufo Bruguiére, 1792, Bursa gibbosa Réding, 1798, Buffo spadiceus Montfort, 1810, Murex crassus Dillwyn, 1817,
Buccinum pustulosum Lighttoot, 1786, Murex argus Gmelin, 1791, Tritonium argo-buccinum Réding, 1798 (the last three
with type locality designations of ]effreys Bay, South Africa), Triton scaber King, 1832, Gyrina maculata Schumacher, 1817,
Triton atlantica Bowditch, 1822, Lotorium lotor Montfort, 1810, Sepra triangularis Perry, 1811, Tritocurrus amphytridis
Lesson, 1842, Triton vestitus Hinds, 1844, T. vestitus var. senior C. B. Adams, 1852, Triton perforatus Conrad, 1849, Cassis
tenuis Wood, 1828 (with type locality designated as Galdpagos Islands), Buccinum granulatum Born, 1778, B. gibbum
Gmelin, 1791, B. recurvirostrum Gmelin, 1791, Cassis cepa Roding, 1798, C. malum Réding, 1798, C. globulus Réding,
1798, Buccinum inflatum Shaw, 1811, Cassis minuta Menke, 1828, C. laevigata Menke, 1829, Buccinum cicatricosum Gmelin,
1791, Cassis corrugata Swainson, 1822, Dolium album Conrad, 1854, D. tenue Menke, 1830, D. antillarum Morch, 1877,
D. a. var. brasilianum Morch, 1877, D. plumatum Green, 1830, Cadus coturnix Roding, 1798, C. meleagris Réding, 1798,
Helix sulphurea C. B. Adams, 1849, Perdix reticulatus Montfort, 1810. Other first reviser decisions are made concerning the
nomenclature of Distorsio ringens (Philippi, 1887), Ranella gemmifera (Euthyme, 1889), and Cabestana cutacea (Linnaeus,
1767). Marsupina Dall, 1904, is declared a nomen protectum under ICZN Article 23.9.1. Three previously missing holotypes
are identified: Triton tranquebaricum Lamarck, 1816, in the collection at Muséum d’Histoire Naturelle de Genéve (with type
locality designated as fle Gorée, Sénégal), and Malea crassilabris Valenciennes, 1832, and Cassis centiquadrata Valenciennes,
1832, both at Muséum National d’Histoire Naturelle, Paris. Sassia tatei is provided as a replacement name for Triton armatus
Tate, 1888 (not 7. armatum Hupé, 1854). The spellings of Cymatium (Ranularia) mohorterae A. H. Verrill, 1952, Simpulum
carlottae Ferreira & da Cunha, 1957, and Triton dautzenbergi Thering, 1897, are corrected. Buccinum tuberosum Linnaeus,
1758, is selected as the senior synonym of the species named both B. tuberosum and B. plicatum by Linnaeus (1758). Cassis
centiquadrata Valenciennes, 1832, is selected as the senior synonym of the species named both C. centiquadrata and C.
doliata by Valenciennes (1832).

RESUMEN

Las 142 especies de gastropodos tonnideneos registradas de la fauna de América tropical desde el Nedgeno hasta el Reciente
(México, y unas taxa de Florida y California, sur hasta Ecuador y Brasil) fueron revisadas, y también las 12 especies de
Personidae y Ranellidae del Nedgeno hasta el Reciente que se encuentran en Chile y Argentina. Taxa incluida son: (1)
BURSIDAE: Bursa, 11 especies, incluyendo la especie del Adldntico este B. scrobilator (Linnaeus, 1758) en el Plioceno
y Pleistoceno de América tropical; Aspa marginata (Gmelin, 1791), un especie del Atldntico registrada en el Plioceno-
Pleistoceno de Limén, Costa Rica; Crossata con una especie del Pacifico este (California a Pert); Marsupina, cinco especies,
incluyendo M. judensis n. sp. (Mioceno, Punta Judas, Costa Rica). (2) PERSONIDAE: Distorsio, 12 especies incluyendo
D. biangulata n. sp. y D. jungi n. sp. (las dos del Mioceno, Cantaure, Venezuela); Personopsis, una especies Reciente. (3)
RANELLIDAE, RANELLINAE: Argolmccinum, una especie; Fusitriton, tres especies; Halgyrineum, una especie; Priene, una
especie chilena; Ranella, tres especies, incluyendo R. chilena n. sp. (Oligoceno-Mioceno, Chile); Ameranella, una especie.
(4) RANELLIDAE, CYMATIINAE: Cabestana, una especie contemporanea del Atldntico suroeste; Charonia, tres especies;
Crassicymatium crassicordatum n. gen., n. sp. (Oligoceno-Mioceno, Chile); Cymatium, cuatro especies; Gelagna, una especie;
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Gutturnium, una especie; Linatella, una especie; Monoplex, 31 especies, incluyendo M. gatunicus n. sp. (Mioceno, Panamd),
M. jackwinorum n. sp. (Mioceno, Venezuela), M. longispira n. sp. (Mioceno, Republica Dominicana), M. panamensis n.
sp. (Mioceno-Plioceno, las dos costas de Panamd), y dos especies sin nombre; Ranularia, tres especies; Reticutriton, cinco
especies, una sin nombre; Septa, dos especies, incluyendo S. landaui n. sp. (Mioceno-Plioceno, Republica Dominicana);
Turritriton, cuatro especies; Sassia, siete especies, incluyendo S. warreni n. sp.; Cymatiella, una especie, C. vokesorum n. sp.
(las ultimas dos: Mioceno-Plioceno, Reptiblica Dominicana). (5) CASSIDAE, CASSINAE: Cussis, 12 especies, incluyendo
C. altispira n. sp. (Plio-Pleistoceno, Reptblica Dominicana, Costa Rica Atldntica, y Panamd) y C. coszulifera n. sp. (Plioceno,
Costa Rica Atldntica, y Panama); Cypraecassis, sies especies, incluyendo C. cantaurana n. sp. (Mioceno, Cantaure, Venezuela);
Galeodea, una especie; Sconsia, sies especies. (6) CASSIDAE, OOCORYTHINAE: Dalium, dos especies; Oocorys, una
especie. (7) CASSIDAE, PHALIINAE: Echinophoria, tres especies; Semicassis, cinco especies. (8) TONNIDAE: Eudolium,
una especie; Malea, nueve especies, incluyendo dos sin nombre; 7onna, dos especies. Aunque Ficus hoy en dia esta incluida en
la superfamilia Ficoidea, y la majoria de Ficidae de América tropical no estan incluidas en este grupo, las tres especies de Ficus
en la Republica Dominicana estan descritas en el Apéndice F: E bernardi n. sp., E gibsonsmithi n. sp., y E lisselongata n. sp.

Neosconsia ecuadoriana Olsson, 1942 (Plioceno, Ecuador), es transferida a la familia Buccinidae. Las especies argentinas
del Oligoceno/Mioceno: Ocenebra (?) rada (Thering, 1907), Xymene obliteratus (Cossmann, 1899), y Urosalpinx (sensu lato)
dautzenbergi (Thering, 1897) son tranferidas a la familia Muricidae. [punina viadimiri Nielsen & Frassinetti, 2008 (Litiopidae;
anteriormente identificada como una especie Qocorys), es registrade de Cantaure, Venezuela. Charonia seguenzae (Aradas &
Benoit, 1870) es la curata especie de Charonia Reciente que solo se encuentra en el este del Mar Mediterraneo.

El presencia de la especie altantifilica Linatella caudata (Gmelin, 1791) en la Formacién Armuellos (Plesotpceno
Temprano), Peninsula Burica, Panam4 Pacifica, y de la especie paciflicia Malea ringens (Swainson, 1822) en la Formacién
Moin (Plioceno més tarde-Pleistoceno mds temprano), Limén, Costa Rica Atldntica, demuestran que un pasaje maritimo
poco profundo permite transportacién intermitente de larvae planktotrofica mollusca entre el Pacifico este y el Addntico
oeste durante la temporada del Plioceno mds tarde-Pleistoceno mds temprano. Por mucha de la temporadoa del Plioceno
Tarde y el Pleistoceno Temprano, el istmo Centro-Americano hubiera sido un puente terreste durante periodos glaciales
con nievels ocednicos bajos, y un pasaje maritimo durante los periodos interglaciales con nivelees de mar altos, hasta que
permanentemete paso el nivel del mar hace 2 Ma.

En este articulo se presentan nuevas decisions taxonémicas. Se han designado localidades tipo para Bursa asperrima
Dunker, 1862 (Hawaii), B. grayana Dunker, 1862 (frente a Mucuripe, Fortaleza, Brasil), 7riton ranclloides Reeve, 1844
(Bahia de Sagami, Japon), Ranella rugosa G. B. Sowerby 11, 1835 (Isla de Las Perlas, Bahifa de Panamd), Ranella coriacea
Reeve, 1844 (Ile Gorée, Senegal), Ranella ampullacea Valenciennes, 1858 (Isla Chiloé, Chile), Buccinum candatum Gmelin,
1791 (Isla de Bohol, Filipinas), Fusus cutaceus Lamarck, 1816 (Isla de Bohol, Filipinas), Cassidaria cingulata Lamarck, 1822
(Isla de Bohol, Filipinas), Triton amictum Reeve, 1844a (frente a Isla San José, Isla de Las Perlas, Bahfa de Panamd), 7riton
ficoides Reeve, 1844 (Gorée, Senegal), Fusus wiegmanni Anton, 1838 (Isla Venado, Panama), 7riton cynocephalum (Lamarck,
1816 (Bahia, Brasil), Triton moritinctus Reeve, 1844 (Bahia, Brasil), 7riton gibbosus Broderip, 1833 (Bahia de Panamd), y
Cassis abbreviata Lamarck, 1822 (Barbados). La localidad tipo de Triton constrictus Broderip, 1833 ha sido emendada, de
Santa Elena a Manta, Ecuador. Se han designado lectotipos para Ranella caelata Broderip, 1833, Murex scrobilator Linnaeus,
1758 (con localidad tipo designada para Palermo, Sicilia), Ranella ventricosa Broderip, 1833, Buffo spadiceus Montfort,
1810, Ranella granulata Lamarck, 1816 (con localidad tipo frente a Cayenne, Guiana), Ranella nana Broderip & G. B.
Sowerby 1, 1829, Ranella albofasciata G. B. Sowerby 11, 1841, Distorsio gatunensis Toula, 1909, Tritonium thersites Philippi,
1887, Triton cancellatus Lamarck, 1816 (con localidad tipo designada para Maldonado, Uruguay), Neptunea magellenica
Réding, 1798, Triton rudis Broderip, 1833, Tritonium gemmiferum Euthyme, 1889, Murex olearium Linnaeus, 1758 (con
localidad tipo designada para Palermo, Sicilia), Ranella gigantea Lamarck, 1816, Triton variegatum Lamarck, 1816, Murex
femorale Linnaeus, 1758, Triton lotorium Lamarck, 1816, Triton tigrinum Broderip, 1833 (con localidad tipo en Corinto,
Nicaragua), Triton lignarius Broderip, 1833 (con localidad tipo designada para la Bahia de Panamad), T7iton turtoni E. A.
Smith, 1890, Triton gallinago Reeve, 1844 (con localidad tipo designada para las Islas Mauricio), 7riton aegrotus Reeve,
1844 (con localidad tipo designada para las Islas Mauricio), Tritonium exiguum Philippi, 1887, Buccinum flammeum
Linnaeus, 1758 (con localidad tipo designada para Gran Bahama), Cassis madagascariensis Lamarck, 1822 (con localidad
tipo designada en Beaufort, Carolina del Norte), Buccinum tuberosum Linnaeus, 1758 (con localidad tipo en Puerto Plata,
Republica Dominicana), Buccinum plicatum Linnaeus, 1758, Cassis labiata Conrad, 1849, Buccinum testiculus Linnaeus,
1758, Cassidaria striata Lamarck, 1816 (con localidad tipo en Punta Alegre, Cuba), Cassidaria sublaevigata Guppy, 1866,
Cassidea granulosa Bruguiere, 1792, Cassis abbreviata Lamarck, 1822 (con localidad tipo designada para Barbados), Cassis
monilifera Guppy, 1866, Malea camura Guppy, 1866, Cassis ringens Swainson, 1822 (con localidad tipo asignada para
Acapulco, Méjico), and Ficus pilsbryi B. Smith, 1907. La asignacién del lectotipo de B. grayana (incorrectamente citado por
Beu, 1987) ha sido corregida. Se han designado neotipos para Biplex corrugata Perry, 1811, Bufonaria pesleonis Schumacher,
1817, Apollon quercina Morch, 1853, Buccinum marginatum Gmelin, 1791, Ranella laevigata Lamarck, 1822, Eione inflata
Risso, 1826, R. tenuis Potiez & Michaud, 1838, R. californica Hinds, 1843, Murex bufo Bruguiere, 1792, Bursa gibbosa
Réding, 1798, Buffo spadiceus Montfort, 1810, Murex crassus Dillwyn, 1817, Buccinum pustulosum Lightfoot, 1786, Murex



BULLETINS OF AMERICAN PALEONTOLOGY, NoO. 377-378

argus Gmelin, 1791, Tritonium argo-buccinum Roding, 1798 (las Gltimas tres especies con localidad tipo en Jeffreys Bay,
Republica de Suddfrica), T7iton scaber King, 1832, Gyrina maculata Schumacher, 1817, Triton atlantica Bowditch, 1822,
Lotorium lotor Montfort, 1810, Septa triangularis Perry, 1811, Tritocurrus amphytridis Lesson, 1842, Triton vestitus Hinds,
1844, T vestitus var. senior C. B. Adams, 1852, Triton perforatus Conrad, 1849, Cassis tenuis Wood, 1828 (con localidad tipo
designada par alas Islas Galdpagos), Buccinum granulatum Born, 1778, B. gibbum Gmelin, 1791, B. recurvirostrum Gmelin,
1791, Cassis cepa Roding, 1798, C. malum Réding, 1798, C. globulus Roding, 1798, Buccinum inflatum Shaw, 1811, Cassis
minuta Menke, 1828, C. laevigata Menke, 1829, Buccinum cicatricosum Gmelin, 1791, Cassis corrugata Swainson, 1822,
Dolium album Conrad, 1854, D. tenue Menke, 1830, D. antillarum Morch, 1877, D. a. var. brasilianum Moérch, 1877, D.
plumatum Green, 1830, Cadus coturnix Roding, 1798, C. meleagris Roding, 1798, Helix sulphurea C. B. Adams, 1849, Perdix
reticulatus Montfort, 1810. Ademds se toman decisiones nomencaltoriales para Distorsio ringens (Philippi, 1887), Ranella
gemmifera (Euthyme, 1889), y Cabestana cutacea (Linnaeus, 1767). Marsupina Dall, 1904 es designada nomen protectum baco
el CINZ Articulo 23.9.1. Tres holotipos previamente desaparecidos han sido identificados: Triton tranquebaricum Lamarck,
1816, en la coleccién del Muséum d’histoire naturelle de Ginebra (con localidad tipo designada para Ile Gorée, Senegal) y
Malea crassilabris Valenciennes, 1832, y Cassis centiquadrata Valenciennes, 1832, las dos en el Muséum National d’Histoire
Naturelle, Paris. Sassia tatei es el reemplaza a Triton armatus Tate, 1888 como nombre vilido (no 7. armatum Hupé, 1854).
Los nombres Cymatium (Ranularia) mohorterae A. H. Verrill, 1952, Simpulum carlottae Ferreira & da Cunha, 1957, and
Triton dautzenbergi Thering, 1897, han sido corregidos. Buccinum tuberosum Linnaeus, 1758, ha sido seleccionado como el
sinénimo senior de ambas especies B. tuberosum y B. plicatum de Linnaeus (1758). Cassis centiquadrata Valenciennes, 1832,
ha sido seleccionado como el sinénimo senior de ambas especies C. centiquadrata'y C. doliata de Valenciennes (1832).

INTRODUCTION
This monograph is part of a long-continued research program,
the aim of which is to understand as much as possible of the
composition and phylogeny of the Tonnoidea and, above all,
how the extant “teleplanic” (planktotrophic) tonnoideans
achieved their enormously wide geographical ranges. In this
monograph, my aims are: (1) to provide a tropical American
input to understanding the biogeographical history of the
very widely distributed species that now are large, promi-
nent, ecologically important carnivores around the Southern
Ocean, but have a fossil record largely in the northern hemi-
sphere — such species as Argobuccinum pustulosum (Solander
in Lightfoot, 1786), Charonia lampas (Linnaeus, 1758),
Monoplex parthenopeus (von Salis Marschlins, 1793), Ranella
olearium (Linnaeus, 1758), Ranella australasia (Perry, 1811),
and the Fusitriton magellanicus (Roding, 1798) species com-
plex; (2) to provide a tonnoidean contribution to understand-
ing the closure of the Central American Isthmus, because of
the well-known wide dispersal of (at least some) tonnoideans
resulting from their long-lived planktotrophic larval stages,
and (3) to revise the Neogene tonnoidean fauna of tropical
America as a contribution to paleontological studies of the
Panama region and the northern Dominican Republic. I am
interested to understand the biogeographical history of all
of these species. How did they come to live where they do?
Where and when did they evolve? How did they spread so
widely? Why do some of the very widely distributed species
live now around the Southern Ocean and in southern Japan
to Taiwan, but not in the tropical realm between [e.g., Charonia
lampas, Monoplex  parthenopeum, and Monoplex exaratus
(Reeve, 1844); Beu, 1998b, 1999]. The overall aim, then, is to
understand the wider taxonomy; how are the species related

to each other, and why do they live where they do?

It should be stated at the start that the Ficidae species in-
cluded in this work are only the three fossil species occurring
in the Dominican Republic, as Riedel (1994) has removed
them to a separate superfamily Ficoidea. Many other Ficus
species occur in Neogene rocks of tropical America, but are
not studied here. I also have not included South American
Neogene Cassidae [the single species, Echinophoria monilif-
era (G. B. Sowerby I, 1846), was revised by Nielsen (2003:
89, pl. 16, figs 11-16) and Griffin & Nielsen (2008: 300, pl.
21, figs 15-20)] or the Recent tropical American Cassidae or
Tonnidae, except where they occur as fossils or a few new re-
cords are required, because these species are well-known taxo-
nomically.

A work of this scope builds largely on the works that have
been published previously. It is worth listing here, then, the
published catalogs and revisions of tonnoideans that have
preceded the present one. For the Bursidae, Personidae, and
Ranellidae, my long-term interest in the family means that
this catalog is reasonably complete, but for other families
it will be less so, and merely lists significant revisions that I
used while compiling the present monograph. The list below
does not include the early, primary works, in which many
of the species were named; the most important of these are
Linnaeus (1758, 1767), Gmelin (1791), Réding (1798), and
Lamarck (1816, 1822). In date order, the catalogs and revi-
sions of tonnoideans of which I am aware are: Kiener (1835a,
b), Cassidae; Kiener (1835¢), Tonnidae; G. B. Sowerby II
(1835-1836, 1841), Bursidae; Kiener (1841), Bursidae;
Kiener (1842), Ranellidae; Pfeiffer (1843), Ranellidae; Reeve
(1844a), Ranellidae; Reeve (1844b), Bursidae; Reeve (1848b),
Cussis; Reeve (1849b), Galeodea and Sconsia; Reeve (1848c-
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1849a), Tonna; Kobelt (1875; 1876a, b; 1878a, b), catalogs of
all the tonnoidean families, prepared for the following works:
Kiister (1857), Cassidae and Tonnidae, and Kiister & Kobelt
(1839-1878), Bursidae, Personidae, and Ranellidaec (among
other families); Pactel (1888), a large collection catalog; Tryon
(1880-1881, 1885), a very conservative but illustrated cata-
log of all tonnoideans; Cossmann (1903, 1904), important
critical revisions of all tonnoidean families; Dall (1904), the
most important critical review of the genera of Ranellidae and
Bursidae; Dall (1909a), an important critical review of the
genera of Cassidae; Bayer (1932, 1933, 1935, 1937), cata-
logs of Recent tonnoideans in what is now the Netherlands
National Museum of Natural History, Leiden; Coulon (1933,
19306), catalogs of Recent tonnoideans in the Musée d’Elbeuf,
France; Clench & Abbott (1943) and Clench (1944), west-
ern Atlantic Cassidae; Turner (1948), western Atlantic
Tonnidae; Bellatante (1954), a catalog of Recent Ranellidae
in the Muséum National d’'Histoire Naturelle, Paris; Clench
& Turner (1957), the most influential modern work on west-
ern Atlantic Ranellidae; Kilias (1962), catalog of Tonnidae;
Abbott (1968), a monograph of most worldwide Cassidae
(but not including taxa related to Galeodea and Sconsia);
Kilias (1973), catalog of Ranellidae (“Ranellidae” in all the
works listed above included what is now the separate fam-
ily Personidae). More recently, (a) critical lists of the species
of living Ranellidae, Personidae, and/or Bursidae have been
published by me (Beu, 1985) and Piech (1995), (b) Warén
& Bouchet (1990) reviewed the tonnoidean families and
proposed new family-level taxa, (c) Marshall (1992) revised
the living species of the tonnid genus Eudolium, (d) Riedel
(1995) proposed a phylogeny of the Tonnoidea (largely not
accepted here), (¢) Henning & Hemmen (1993) published
an illustrated catalog of living Ranellidae and Personidae, (f)
Cossignani (1994) published an excellent, richly illustrated
catalog of living Bursidae, (g) Kreipl (1997) published a simi-
lar, excellent catalog of living Cassidae, (h) I provided (Beu,
1998a) a brief overview of the anatomy, classification, and
what little is known of the biology of the tonnoidean families,
(i) I monographed (Beu, 1998b) the species living in the New
Caledonian region, (j) I recorded (Beu, 1999) those living in
Yamaguchi Prefecture, southwestern Honshu, Japan, and (k)
Vos (2007) revised the living species of Tonnidae.

The seminal work on the living ranellid fauna of the west-
ern Atlantic is that of Clench & Turner (1957). Their revision
set a new standard for the high quality of its illustrations, as
well as for its attempts to base taxonomic decisions firmly on
type material, and on large suites of specimens examined per-
sonally by the authors. Therefore, it was able to sweep away
much of the miasma of misidentified species and confused
ranges that had dogged earlier work on ranellids. It began
the modern realisation that many species of ranellids (as well

as many other tonnoideans) really do have enormously wide
geographical ranges. However, Clench & Turner were not
able to see the type material of such important early workers
as Linnaeus (most housed by the Linnean Society of London,
in Burlington House) or, more importantly, that of Lamarck
(tonnoideans all in the Muséum d Histoire Naturelle de
Geneve). [The location of much of the remaining early type
material was discussed by me (Beu, 1998b: 15-16) and is listed
and amplified below.] More significantly, Clench & Turner’s
(1957) approach was still colored by the extremely conserva-
tive species-level taxonomy in the catalogs by Tryon (1880-
1881) and, indeed, it has been a struggle for much of the
succeeding years to recognise the true biospecies occurring in
the western Atlantic. [Philippe Bouchet, MNHN, informed
me that DNA studies indicate that still further species await
recognition, e.g., in the species here identified as Bursa granu-
laris (Roding, 1798)]. Later authors have realised, also, that a
surprising variety of further species occurs in small numbers
in the western Atlantic, particularly in Brazil, in addition to
those of which Clench & Turner (1957) were aware. That still
more await discovery is indicated by the presence of a specimen
in a Brazilian private collection of Lotoria lotoria (Linnaeus,
1758) found alive in Brazil, but not otherwise mentioned here
(Marcus Coltro, Sao Paulo, pers. comm., 2006). The present
work has been able to draw on many different lines of new
evidence, on many private collections, and on the much larger
museum collections available now, 50 years later, to amplify
the brilliant foundation laid by Clench & Turner. All subse-
quent work on Ranellidae indeed “stands on the shoulders of
these giants” of malacology.

The other aspect of recent research that has improved the
understanding of tonnoidean geographical ranges vastly since
1957 is the large body of work on their planktotrophic larvae,
principally by Scheltema (e.g., 1966, 1968, 1971, 1972a, b,
1977, 1983, 1986a, b, 1989; Pechenik ez al., 1984) but also,
importantly, by Laursen (1981). Woodring (1928: 103) com-
mented on the difficulty of reaching biogeographical conclu-
sions about mollusks without knowing “the length of pelagic
larval stages, and the distances larvae can be carried by cur-
rents.” Other early workers such as Powell (1933) assumed
that the wide geographical ranges of ranellids, in particular,
resulted from long-lived larvae, transported widely in ocean
currents. The importance of Scheltema’s research is that it has
placed this assumption on a sound footing, demonstrating the
means by which the enormous ranges of many tonnoidean
species have been achieved, and establishing a larval life of
more than ayear for Monoplex nicobaricus (Réding, 1798), and
probably M. parthenopeus, and for up to 4.5 years for Fusitriton
oregonensis (Redfield, 1846) (Strathman & Strathman, 2007).
This suggests that Scheltema’s estimates, based on surviving
captured veligers, significantly underestimate the length of
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larval life. It is now clear that some tonnoideans — particularly
Bursa, Cypraecassis, Tonnidae, and many species of Ranellidae
— along with most species of Architectonicidae and a few taxa
in other families, such as the cerithioid Litiopa melanostoma
Rang, 1829, have particularly long-lived planktotrophiclarvae,
able to feed in the plankton and to postpone metamorphosis
indefinitely, until a substratum suitable for settling is reached.
These taxa have achieved the widest recorded distributions of
benthic mollusks, because their long larval lives enable them
to be dispersed widely but passively by currents. The par-
ticularly widely distributed Tonnoidea are Charonia lampas,
Ranella olearium, Linatella caudata (Gmelin, 1791), Monoplex
parthenopeus, M. exaratus, Turritriton labiosus (Wood, 1828),
the Recent Sassia species related to S. apenninica (Sassi, 1827),
Eudolium bairdii (Verrill & Smith in Verrill, 1881) and E.
crosseanum (Monterosato, 1869), Malea pomum (Linnaeus,
1758), and the circum-Southern Ocean taxa (species com-
plexes?) Semicassis labiata (Perry, 1811), Argobuccinum pustu-
losum, Fusitriton magellanicus, and Sassia kampyla (Watson,
1885). They can all be considered to have two very distinct
phases in their life cycles, their widely distributed but disjunct
breeding populations of large, obvious shells being kept in
genetic continuity by their continuously dispersed but almost
invisible larval populations. The significance of larval type for
understanding biogeography is displayed particularly clearly
by those West African tonnoideans that made brief appear-
ances in the tropical western Atantic during Pliocene and
Pliocene times and then disappeared again, notably Bursa
scrobilator (Linnaeus, 1758) and Aspa marginata (Gmelin,
1791) at Limén, Costa Rica. Equally clear examples are pro-
vided by those that continue to appear occasionally in small
numbers in the western Atlantic at present, such as Monoplex
trigonus (J., W. & E. Gibson-Smith, 1971) and M. tranque-
baricus (Lamarck, 1816).

MUSEUMS AND COLLECTIONS EXAMINED
Collections of the richly diverse, beautifully preserved
Neogene molluscan faunas of the tropical American region
have been accumulated over the past century by a number of
major institutions. I have not been able to visit all of them, so
it is worthwhile listing the collections that have been studied
for the present project.

1. The Natural History Museum, London: The original
“Santo Domingo” collections made ca. 1848 by Colonel T. S.
Heneken (misspelled J. S. Heniker in the original publication)
and described by G. B. Sowerby I (1850). This collection also
includes material added from several later collections, includ-
ing a selection from the Weyl collection, reported on by Pflug
(1961). As well, much of the fossil material collected and de-
scribed by Guppy (1866-1911) and Trechman (1930-1937)
from the West Indian islands is in this museum, along with

more recent additions from throughout the tropical American
region. The other critically important, historically valuable
fossil material for the present work that is held in this museum
is that collected from South America by Charles Darwin, de-
scribed by G. B. Sowerby I (1846; Griffin & Nielsen, 2008).
Of course, The Natural History Museum also holds Recent
type specimens of a high proportion of ranellid and bursid
species, described by Reeve, the Sowerbys, and others such as
Gray, Broderip, King, d’Orbigny, and Dunker (mostly mate-
rial from the collection of Hugh Cuming).

2. Naturhistorisches Museum Basel: This museum has
had a history for nearly a century of oil geologists from this
area of Switzerland spending their working careers in tropical
America, returning to Basel with large collections that have
gradually accumulated to make this (at least, until the recent
retirement of Peter Jung) the main center for the study of trop-
ical American Neogene molluscan Paleontology. Collections
have been contributed by (among others) Hans Kugler, R.
Rutsch, and Peter Jung, as well as from many oil companies,
and recently this has been the repository of the large collec-
tions for the Dominican Republic and Panama Paleontology
projects. The enormous, highly diverse collections gathered
from Neogene rocks of northern Venezuela by Jack and Win
Gibson-Smith have also been incorporated into this muse-
um’s collection. A large collection of Recent mollusks from
Venezuela also has been contributed by the Gibson-Smiths.
The museum also has the great advantage of having Mayer-
Eymar’s huge collection of European Cenozoic mollusks avail-
able for comparison with the American ones, along with many
other collections from Europe and further afield.

3. United States National Museum of Natural History,
Smithsonian Institution, Washington DC: This huge mu-
seum holds the collections of many U. S. Geological Survey
staff who contributed to geological surveys throughout the
tropical American region, and to such international projects
as construction of the Panama Canal. Most importantly, it
holds the collections described by W. P. Woodring in his clas-
sic monographs of the Bowden fauna (Woodring, 1928) and
the Gatun fauna of Panama (Woodring, 1959). It also holds
the large private collection of A. A. Olsson (other than most
of his type material, which is at the Paleontological Research
Institution), and many other uniquely important collections.
This museum also has extensive collections of Recent western
Atlantic mollusks that have contributed significantly to the
present work.

4. Paleontological Research Institution, Ithaca, New York:
This independent research institute holds, primarily, the col-
lections from the Dominican Republic reported on by Maury
(1917a), as well as much of Maury’s other type material. It also
holds the types of species from the late Pliocene of northern
Venezuela reported on by Weisbord (1962), as well as G. D.
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Harris’ important collections from the U. S. Tertiary (because
Harris was the founder of PRI), the type material of most
species described by A. A. Olsson, and many oil company and
other collections.

5. Academy of Natural Sciences of Philadelphia: This ma-
jor museum holds, among many other things, much of W.
M. Gabb’s collections of fossils from both the Dominican
Republic and Limén, Costa Rica. Pilsbry (1922) revised the
Dominican Republic collections, and Pilsbry & Johnson
(1917) made a significant contribution to knowledge of the
Gatun fauna of Panama, based on material at the Academy.
Again, this large museum also has extensive collections of
Recent western Adantic mollusks that have contributed great-
ly to the present work.

6. Museum of Paleontology, University of California,
Berkeley: This large paleontological collection includes the
largest suite of Californian fossils. It is not generally realized
that it also holds large collections of Cenozoic mollusks made
throughout the world by oil companies, including from the
tropical American region and India-Pakistan; particularly im-
portant for the present study are unique collections from the
Atlantic coastal area of Colombia.

7. Department of Geology, Tulane University, New
Orleans: The large collections from the southern U. S., par-
ticularly Florida, and from tropical America gathered dur-
ing many expeditions by Professors Emily H. and (the late)
Harold E. Vokes have provided one of the richest sources for
the present work. All taxonomists and many “amateur” col-
lectors of fossils from the tropical American region also have
benefited hugely over many years from the Vokes’ generos-
ity and kindness. These collections now have been dispersed
among the Paleontological Research Institution (Dominican
Republic collections), the U. S. National Museum of Natural
History (tropical American collections, other than the
Domincan Republic), and the Florida Museum of Natural
History (collections from Florida, most importantly from
the Chipola Fm) (Vokes, 1973, 1986). Early collections from
the Dominican Republic that were on loan to me at the time
of Professor Emily Vokes retirement now are largely housed
by the Naturhistorisches Museum Basel, with some in GNS
Science, Lower Hutt, New Zealand.

As well as all of the above, it has been an extremely valu-
able help to the present project to be able to use the private
collection of Bernard Landau (Albufeira, Portugal), who has
collected fossils at most tropical American localities. Also, vis-
iting the Museo de La Plata and Museo Nacional de Historia
Natural, Argentina, and the Museo Nacional de Historia
Natural, Santiago, Chile, made it possible to include the rela-
tively few South American species of ranellids and personids
in this revision.

The present revision also tries to add to the usefulness of

the biogeographical analysis by including a revision of the liv-
ing Ranellidae, Bursidae, and Personidae of both the west-
ern Atlantic and the eastern Pacific — an update of Clench &
Turner (1957). With this aim, museum collections in Britain,
the U. S., and some in Europe (particularly France, The
Netherlands, and Germany) have been visited as opportuni-
ties allowed over 30 years. More specific details are listed in
the Acknowledgments.

THE DOMINICAN REPUBLIC AND
PAaNnAMA PALEONTOLOGY PROJECTS

The present monograph is intended as a contribution to
both the Dominican Republic Project and the Panama
Paleontology Project. These similar, parallel projects aim to
provide a faunal survey of these two richly fossiliferous areas
of the tropical American region, largely to assess (a) the time
of closure of the Central American Seaway (and concomitant
formation of the Central American Isthmus, CAI) and (b)
biotic change, particularly evolution and extinction, result-
ing from this closure of the seaway between the Atlantic and
Pacific Oceans. The Dominican Republic Project was started
by a group at Naturhistorisches Museum Basel, Switzerland,
and was introduced in the survey by Saunders ez a/. (1986).
A brief summary was also provided by Saunders ez a/. (1982).
The Panama Paleontology Project was started by a group
from the Smithsonian Tropical Research Center in Panama,
along with the Basel group, and was introduced by Collins &
Coates (1999). These two introductory surveys outlined the
geology of the two areas, described sections and their ages,
and provided maps and detailed sections showing the precise
location of fossil localities (although neither of them covered
the coastal region of Pacific Costa Rica and northern Pacific
Panama around the Burica Peninsula).

However, much more than the Dominican Republic and
Panama is included in the present monograph. The region
covered, and some of the main fossil localities within it, are
shown in Text-fig. 1. I have tried to include fossil collections
from the entire tropical American region, wherever I had ac-
cess to them. This information is essential for understanding
the biogeography of such wide-ranging taxa as tonnoideans.
For Cassidac and Tonnidae (relatively few species in the
Recent fauna, with little unresolved about their taxonomy
in the tropical American region), the Recent fauna has not
been included, apart from a very few Recent additions such
as Cuassis norai Prati Musetti, 1995, and a Recent record of
Echinophoria hadra (Woodring & Olsson, 1957). Sconsia in
the Recent fauna was revised by me (Beu, 2008); I concluded
that there is only one common shallow-water species, S. grayi
(A. Adams, 1855) (= S. lindae Petuch, 1987). For the remain-
ing families, Bursidae, Personidae, and Ranellidae, all possible
Recent taxa and records have been included in this work, as
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Text-fig. 1. The tropical American region, showing some of the main fossil localities included in this report. 1 — San Diego, California; 2 —
Bahia Santa Inés and nearby outcrops of Mulegé Terrace (Last Interglacial), Baja California Sur, Mexico; 3 — Isthmus of Tehuantepec area,
Veracruz, Mexico; 4 — Bowden, Jamaica; 5 — Cibao Valley, Dominican Republic (see Text-figs 2-3); 6 — Limén, Costa Rica; 7 — Bocas del
Toro Basin, western Panama (see Text-fig. 4); 8 — Colon area, Panama Canal Basin; 9 — Burica Peninsula, border between Costa Rica and
Panama; 10 — Darien, southeastern Panama; 11 — Cantaure, Paraguana Peninsula, Venezuela; 12 — Punta Gavilan, Venezuela; 13 — Cumana,
Venezuela; 14 — Isla Cubagua, Venezuela; 15 — Carriacou Island, Grenadine Islands; 16 — Melajo, Trinidad; 17 — Springvale, Trinidad; 18

— Esmeraldas area, Ecuador.

a modernization of Clench & Turners (1957) monograph,
and because a large range of further taxa is now known from
the region that was not known to Clench & Turner. The in-
clusion of Recent material has also been important to help
resolve the key questions of the evolution and extinction of
taxa, and so of the effects of closure of the Central American
Seaway. Therefore, although all of the Recent cassids, tonnids,
and laubierinids of the region are not revised here, they are
referred to in the following lists and discussion, and most have
been revised recently by Marshall (1992), Kreipl (1997), Vos
(2007), and me (Beu, 2008); a revision of the Laubierinidae
is being prepared by me and Philippe Bouchet. Text-figs 2-3

show the location of the main sections in the Dominican

Republic, whereas Text-fig. 4 shows the main islands in the
Bocas del Toro Basin, in western Atlantic Panama.

BIOGEOGRAPHY

The biogeographical history of tropical American Neogene
mollusks has been a topic of interest to paleontologists
since Woodring (1928, 1966, 1972, 1974, 1978) discussed
Cenozoic biogeographical provinces, and classified several
taxa as either paciphile or caribphile elements; the term atlan-
tiphile is used here in preference to caribphile. (The southern
South American and Southern Ocean species revised below
are not included in the following discussion of biogeography).
Because many tonnoidean species have very wide geographical
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Text-fig. 2. Geological sketch map of the Dominican Republic (after Saunders et a/., 1986: text-fig. 2), showing the location of the
Cibao Valley, and of Barahona and the road between Bani and San Cristobal in the southern Dominican Republic.

ranges at present, as a consequence of their long-lived plank-
totrophic larvae, it is particularly interesting for Panamic bio-
geography to examine how tonnoideans have changed their
ranges and speciated with time in the tropical American re-
gion. This is aimed at providing new data for the interpreta-
tion of the closure history of the CAIL

Ages of Tropical American Assemblages

The most important criterion for assessing biogeography is to
compare assemblages of the same age. Because most tropical
American assemblages are now considered to be significantly
younger than was thought by Woodring (1928, 1966), a list is
provided here of the well-known molluscan assemblages in the
tropical American region that contain tonnoidean gastropods
revised in this monograph, arranged by age, with references to
the latest information on their age. I am grateful to Bernard
Landau for providing much of the list and references from the
PhD thesis that he is preparing on the Pliocene Mollusca of
Cubagua Island.

(1) Late Early Miocene: Chipola Fm, Florida (Akers,
1972; Vokes, 1979, 1989; Bryant ez al., 1992); Baitoa Fm,
Dominican Republic: 17.5-14.5 Ma (Vokes, 1979; Saunders

et al., 1986); Cantaure Fm, Venezuela (Hunter, 1978; Gibson-
Smith & Gibson-Smith, 1979); Zorritos Fm, Peru (Olsson,
1932); Pirabas Fm, Par4, northeastern Brazil (Ferreira, 1980;
Tévora & Fernandes, 1999). An important discussion of the
main mollusk-rich fossil localities of northern Venezuela was
provided by Gibson-Smith & Gibson-Smith (1979). The se-
quence of formations is: (a) earliest, La Candelaria beds (=
Agua Clara Fm?), late Early Miocene; overlain by Cantaure
Fm (which contains mollusks in two discrete shellbeds); over-
lain by El Porvenir beds, latest Early Miocene or, more prob-
ably, early Middle Miocene; Caujarao Fm, basal member, late
Middle Miocene; Caujarao Fm, Mataruca Member, early Late
Miocene; Cubagua and Punta Gavildn formations, Early to
middle Pliocene; and finally, Mare Fm, Late Pliocene at the
base and Early Pleistocene above.

(2) Middle Miocene: Shoal River Fm, Florida (E. & H.
Vokes, 1989; Jones et al., 1993); Ferrotepec Fm, Mexico
(Perrilliat, 1987); Valiente Fm, Bocas del Toro Basin, Atlantic
Panama (16.4-12.0 Ma; Coates et al., 2003); lower Gatun
Fm, Adantic Panama (Cotton, 1999); Manzanilla, Cipero
and Brasso formations, Trinidad (Bolli & Primoli Silva, 1973;
Bolli & Saunders, 1985; Maurasse, 1990); Grand Bay Fm,
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Text-fig. 3. Geological sketch map of the Cibao Valley, northern Dominican Republic, showing the main fossiliferous sections (Saunders et 4/,
1986: text-fig. 3). Numbered sections refer to text-figures (large numbered folding maps, in pocket at rear of Saunders e# 4/, 1986), on which

NMB, TU, and USGS fossil localities are mapped in detail.

Carriacou Island (Robinson & Jung, 1972; Donovan ez 4l.,
2003); isolated road cut 8.6 km west of plaza at San Cristobal,
on road to Bani, southern Dominican Republic, unnamed
Middle Miocene formation, planktic foram zone N.11, dis-
cussed by E. Vokes (in E. & H. Vokes, 1989: 66-67).

(3) Late Miocene: Cercado Fm and basal part of Gurabo
Fm, Dominican Republic (7.5-5.7 Ma: Saunders et al.,
1986); Punta Judas, Pacific Costa Rica (Seyfried ez a/., 1985;
Jung, 1995); middle and upper Gatun Fm, Adantic Panama
(Cotton, 1999); Nancy Point Fm, Bocas del Toro Basin,
Atlantic Panama (6.5-5.6 Ma; Coates in Collins & Coates,
1999: text-fig. 5); Tuira and Chucunaque Formations, Darien,
Pacific Panama (Coates ez a/., 2004, published a new map and
description of Darien geology and concluded that all fossilif-
erous units are Middle to Late Miocene in age); Caujarao and
El Veral Formations, Venezuela (Bolli, 1970; Hunter, 1978);
Angostura Fm, Ecuador (Jung, 1989).

(4) Pliocene: Jackson Bluff Fm (= Choctawhatchee Group,
in part), Florida (Ward, 1992: fig. 1; Cotton, 1999); lower
Pinecrest beds, Florida (units 10-5), middle Pliocene (Lyons,
1991), also middle Pliocene (Pinecrest member, Tamiami
Fm) according to Vermeij (2005: 628); upper Pinecrest (units
4-2) Late Pliocene (Lyons, 1991), equivalent to Fruiwille
member, Tamiami Fm, Late Pliocene (Vermeij, 2005: 628);
Caloosahatchee Fm, Florida (latest Pliocene: Lyons, 1991;

Zullo, 1992: fig. 1; upper part probably Pleistocene: Ward,
1992: fig. 1; latest Pliocene according to Vermeij, 2005: 628);
Agueguexquite Fm, Veracruz, Mexico (zone N20: Akers,
1981; 2.9-2.5 Ma: Cotton, 1999); Bandno Fm, Atlantic Costa
Rica (3.6-2.4 Ma: Cotton, 1999); Cayo Agua Fm, Adantic
Panama (5.0-3.5 Ma: Cotton, 1999); Fish Hole Member of
Shark Hole Point Fm, Atlantic Panama [3.0-2.2 Ma: Panama
Paleontology Project (PPP) web locality database; “un-
named” by Coates in Collins & Coates, 1999: text-fig. 5];
Shark Hole Point Fm , Atlantic Panama (5.2-2.3 Ma: PPP
locality database; Coates in Collins & Coates, 1999: text-fig.
5); Escudo de Veraguas Fm, Atantic Panama (3.6-1.8 Ma;
Cotton, 1999; Coates in Collins & Coates, 1999: text-fig. 5);
Penita Fm, Charco Azul Group, Pacific Panama (3.5-2.2 Ma:
Cotton, 1999); Gurabo Fm, Dominican Republic (5.6-4.0
Ma: Saunders et al., 1986); Mao Fm, Dominican Republic
(Saunders ez al., 1986; 4.0-3.5 Ma: Cotton, 1999); Bowden
Shellbed, Jamaica (early Late Pliocene, zone NN16: Aubry,
1993; Early Pliocene: Jung & Heitz, 2001; Late Pliocene:
Kohl & Robinson, 1999; 2.8-1.6 Ma, i.e., spanning the
Pliocene-Pleistocene boundary: Cotton, 1999; olistostrome
with reworked “middle” Pliocene fossils: Macsotay, pers.
comm. to Bernard Landau, 2007); Usiacuri Fm, Colombia
(Early Pliocene: Jung, 1989); Tubard Fm, Colombia (Hunter,
1978); Springvale Fm, Trinidad (Hunter, 1978; Donovan,
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(Bolli, 1972); El Manglillo Fm, Araya
Peninsula, Venezuela (Macsotay, 2005;
Macsotay & Hernandez, 2005); Playa
Grande Fm, Venezuela (Jung, 1989).

ToNNOIDEA IN DoMINICAN REPUBLIC
NEOGENE FAUNAS
Maury (1917a-b), Saunders ez al.
(1986), and E. Vokes (in E. & H.
Vokes, 1989) have provided overviews
P of the stratigraphy and the history
of study of the Neogene rocks and
fossils of the Cibao Valley, northern
Dominican Republic. Maury (1917a)
described the route followed and the
difficulties of her expedition, during
which K. P. Schmidt and A. A. Olsson

ISLAESCUDO
DE VERAGUAS

Text-fig. 4. The Bocas del Toro region in western Atlantic Panama, showing the main islands
with Neogene sedimentary sections mentioned in the text. Localities were mapped in detail
(by PPP number), as well as for the Colon area, Panama Canal Basin, and for Limén, Adlantic

Costa Rica, by Coates (in Collins & Coates, 1999: appendix 1).

1994); Punta Gavilin Fm, Venezuela (Bolli & Premoli
Silva, 1973; Hunter, 1978); Cubagua Fm, Venezuela (Early
Pliocene: Macsotay et al., 1995); lowest part of Mare Fm,
Venezuela (Gibson-Smith & Gibson-Smith, 1979; Macsotay,
pers. comm. to Bernard Landau, 2007); Esmeraldas and Jama
Formations, Ecuador (Jung, 1989); Canoa Fm, Ecuador (Late
Pliocene: Landini ez al., 2002).

(5) Plio-Pleistocene boundary: Moin Fm, Limén, Atlantic
Costa Rica (1.9-1.5 Ma: Cotton, 1999; McNeill ez al.,
2000).

(6) Pleistocene: Bermont Fm, Florida (Lyons, 1991: 159;
Zullo, 1992: fig. 1; including Loxahatchee member: Vermeij,
2005: 628); Mulegé Terrace cover beds, Bahia de Santa Inés,
Turtle Bay, Mulegé, and nearby areas, Baja California Sur,
Mexico (Last Interglacial, oxygen isotope stage 5e: Emerson
et al., 1981; Ashby & Minch, 1987; Ashby er al., 1987;
Jung, 1989; Ortlieb, 1991; Careio & Smith, 2007: 85-86);
Montezuma Fm, Pacific Costa Rica (Baumgartner ez al., 1984);
Burica Fm, Charco Azul Group, Pacific Panama (1.8-1.5 Ma:
Cotton, 1999); Armuelles Fm, Charco Azul Group, Pacific
Panama (1.7-0.5 Ma: Cotton, 1999); Swan Cay Fm, Atlantic
Panama (1.8-0.9 Ma: Coates in Collins & Coates, 1999:
text-fig. 5); La Isabela Fm, Dominican Republic (Marcano
& Tavares, 1982); Matura shellbed, Talparo Fm, Trinidad
(Jung, 1989); Mare Fm, Venezuela, apart from the lowest
part (Gibson-Smith & Gibson-Smith, 1979; Macsotay, pers.
comm. to Bernard Landau, 2007); Cumand Fm, Venezuela

collected all the fossils. E. Vokes (in E.
& H. Vokes, 1989: 6-22) gave helpful
background information on the his-
tory of study and the stratigraphy of
the sections in the Cibao Valley, with
very useful outcrop photographs of
critical intervals, one of them a bet-
ter view of an outcrop, Rio Gurabo at Los Quemados, illus-
trated earlier by Maury (1917b: pl. 68B; E. Vokes in E. & H.
Vokes, 1989: text-fig. 9). This was augmented by the further
outcrop photographs and detailed stratigraphy, with detailed
fossil locality maps, provided by Saunders ez al. (1986). The
latter authors, based at Naturhistorisches Museum Basel, set
out to describe the stratigraphy based on much the longest
section, in the Rio Gurabo, relating sections in the Rio Mao,
Rio Cana, and Rio Amina to it laterally, with an additional
description of the Baitoa Fm section (Saunders ez a/., 1986:
pl. 9) on the Rio Yaque del Norte at Baitoa, near Santiago. E.
& H. Vokes (1989), in contrast, set out simply to collect mu-
ricids, along with all other possible mollusks, from as many
localities as possible in the region, as part of a program to
revise the Cenozoic fossil Muricidae of tropical America. They
amplified Maury’s (1917a) and earlier poorly localized col-
lections as they went. Consequently, they visited a number
of other sections besides the main river ones sampled in de-
tail by the Basel group. Such localities as Arroyo Puial, Rio
Verde, and road cuts along highways traversed to reach the
river sections have been collected only by the Vokes, later
augmented by Bernard Landau’s excellent collecting. Both
groups concluded that the main fossiliferous formations, the
Cercado, Gurabo, and Mao Formations, are at least partly lat-
erally equivalent, diachronous facies of similar age, separable
in the Rio Gurabo but apparently laterally equivalent in the
other main river sections. Foraminiferal and calcareous nan-
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nofossil biostratigraphy has established that the Baitoa Fm is
Burdigalian (mainly) to Langhian in age (late Early to early
Middle Miocene), and is separated by a clear break (E. Vokes
in E. & H. Vokes, 1989: text-fig. 16) from younger units. The
Cercado Fm is late Serravallian to (mostly) Tortonian in age
(Late Miocene). It consists of shallow-water sandstone and
conglomerate, with subordinate siltstone and claystone. The
highest level is siltstone packed with coral and algal debris
(Saunders et al., 1986: 12). The sandstone is cross-bedded in
many horizons, with concentrations of the abundant large
foraminiferan Amphistegina emphasizing the cross-bedding.
E. Vokes (in E. & H. Vokes, 1989: 21) suggested a depth of
deposition of 0-20 m. The Gurabo Fm is late Tortonian to
Zanclean and possibly in part early Piacenzian in age (late Late
Miocene to Early Pliocene). It consists of a basal conglomerate
in some sections along the Rio Gurabo (Saunders ez al., 1986:
pl. 1, figs 1-2), but cut out in others, and not present in the
other river sections, overlain by calcareous, fossiliferous silt-
stone with bedding emphasized by lines of concretions. This
passes up into cross-bedded, burrowed sandstone similar to
the Cercado Fm, overlain in turn by calcareous siltstone and
sandy siltstone rich in corals. Corals occur in beds, scattered
separate heads, and biostromes (fossil reefs), with coralliferous
siltstone toward the top of the formation. Downstream from
the road bridge on the Rio Gurabo at Los Quemados, the up-
permost part of the succession consists of massive calcareous
siltstone rich in microfossils and mollusks. E. Vokes (in E. &
H. Vokes, 1989: 21) suggested that shallow-water parts of the
Gurabo Fm, with abundant corals, were deposited in 20-50 m
of water, and deeper parts, such as the section along the lower
Rio Gurabo, in 50-150 m. Some parts, with massive siltstone,
such as in Arroyo Zalaya and Rio Verde, were deposited in
150-350 m of water (E. Vokes in E. & H. Vokes, 1989: 21).
The overlying Early to Middle Pliocene Mao Fm clays were
deposited in the deepest water of all, at least 350 m, although
gravity flows have brought shallow-water material downslope
to mix with the deep-water sediments (E. Vokes in E. & H.
Vokes, 1989: 22), and the Mao Adentro Limestone member
(Saunders er al., 1986: pl. 6) consists of coral debris trans-
ported down-slope into the deposition site.

Tonnoideans reflect these depositional environments
perhaps as much as the muricoideans were concluded to by
E. Vokes (in E. & H. Vokes, 1989). The first obvious point
is that the most common and widespread bursid in tropi-
cal American Neogene faunas, Bursa rugosa (G. B. Sowerby
11, 1835), is not represented by a single specimen from the
Dominican Republic. This species lives at present abundant-
ly on the intertidal rocky shore in Panama Bay, and its ab-
sence presumably reflects the lack of intertidal facies in the
Domincan Republic localities, with the possible exception
of the Cercado Fm. Several other intertidal bursids, such as

B. rhodostoma and B. corrugata, also have no record in the
Dominican Republic, despite a Miocene-Recent time range in
tropical America. Approximate counts of specimens and col-
lection numbers (listed in the text below) in the Dominican
Republic tonnoidean fauna provide a more visible means of
comparison (Table 1).

Taxa in Dominican Republic collections

An important bias to keep in mind when interpreting
Dominican Republic faunas is relative outcrop area. A lot
of the differences between formations in recorded specimen
numbers simply result from the fact that outcrops assigned
to the Gurabo Fm occupy approximately three-quarters (or
more) of all exposures; most of the rest, assigned to Cercado
Fm, and outcrops of Baitoa Fm, Mao Fm, and the unnamed
formation of E. Vokes (in E. & H. Vokes, 1989: 21), is very
minor. This bias presumably also affects the Adantic Panama
results described in the following section, ¢.g., Swan Cay Fm
(Pleistocene) crops out only on the very small Swan Cay, but
I have even less idea of relative outcrop area for Panama for-
mations than I have for the Dominican Republic. Without
some measure of relative outcrop area, this bias cannot be ac-
counted for. Raw counts of specimens and collections, and
their paleoecological interpretation, are discussed below.

1. Bursa amphitrites: only 18 specimens and frags were col-
lected, in 11 collections, all from the Gurabo Fm. The tallest
specimen is from TU1278 (large arroyo on eastern side Rio
Gurabo at ford on Los Quemados-Sabaneta road), where the
Gurabo Fm evidently was deposited in moderately deep wa-
ter. It seems feasible that this species was ancestral to the B.
latitudo-B. natalensis species group, which now lives in the
tropical western Atlantic and Indo-West Pacific in 150-300 m
or more, but most Dominican Republic specimens evidently
lived in shallower water than this.

2. Bursa grayana: Cercado Fm, 29 specimens in three col-
lections; Gurabo Fm, 53 specimens in 25 collections; Mao
Fm, 1 specimen. The only other recorded fossils are 1 speci-
men each in the Cayo Agua Fm (Pliocene) at Cayo Agua,
Atlantic Panama, and in the Pliocene of Atlantic Mexico
(USGS 18688). This is an offshore species at present, mostly
collected by divers in Florida and from fish stomachs off of
Brazil. It evidently prefers offshore hard substrata, so its oc-
currences in the Dominican Republic reflect this offshore
hard habitat in cz. 30-70 m and deeper. The abundance in a
few Cercado Fm collections is, therefore, surprising.

3. Marsupina bufo: Cercado Fm, 2 specimens; Gurabo
Fm, 1 specimen. The specimen in the Gurabo Fm is from
TU 1449, from gravity flows in the Rio Yaque del Norte near
Barranca, i.e., shallow-water material carried down into deep-
er water. Maury (1917a: 272) recorded her material, includ-
ing the fine specimen that she illustrated, as from “Rio Cana,
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Table 1. Numbers of specimens of tonnoidean species in Dominican Republic
formations. Numbered species (left margin) are not in common with Table 2; *species
extending until the present day; +, further (uncounted) specimens present; -, not
present; numbers in parentheses are of uncertain stratigraphical position.

the high productivity of upwelling areas is
necessary for M. bufo to be abundant.

4. Distorsio clathrata: 2 specimens only,
in the Early Pliocene part of the Gurabo
Fm. There are very few records of this spe-

w — Baitoa | Cercado G“;;‘bo Mao Unnamed cies from pre-Pliocene rocks of tropical
DU PRI - - - America, and it possibly evolved from the
Bursa grayana - 29 53 - D. 4 x D o
Marsuping bufo 5 > 1 § . decussata species group or D. floridana
Distorsio clathrata® B N P - late in Miocene time. This was possibly one
Distorsio megintyi* 4 3 148 - of the biological results of the beginning of
Distorsio simillima 9 201 - restriction of the CAI. Also, though, Recent
2. Charonia lampas* 0) - @) - specimens occur in relatively shallow wa-
——
Charonia variegata - L 14 - ter for a Distorsio species, so possibly by
Cymatium praefemorale - 14 49 - .
- the time D. clathrata evolved and became
Monoplex cercadicus 1 9 18+ - . X
3. Monaplex gurabonicus ] 3 49 ] common, environments represented in the
Monoplex krebsii™ 1 R 52 R Dominican Republic were too deep for it.
4. Monoplex longispira 2 - 1 - 5. Distorsio mcgintyi: Baitoa Fm, 4
Monoplex parthenopeus* 2 1 1 - specimens; Cercado Fm, only 3 specimens;
5. Mﬂ”"ﬂ“ﬁ”‘fﬂm* 1 2 3 - Gurabo Fm, 148 specimens in 42 collec-
C. Septa landaui 6 - 1 - tions. Distorsio mcgintyi is an offshore spe-
Turritriton domingensis 2 9 6 - . .
; - cies on soft substrata today, and its increas-
7. Sassia warreni - 7 . . .
8. Cymatiella vokesorum 5 B ; N ing abundance with increasing depth of de-
Cassis alrispira B B 1 B position in the Dominican Republic seems
9. Cassis sulcifera - 46 235+ 6 to be explained simply by this depth and
10. Cypmeczmis testiculus™ 6 1 48 2 Substratum preference‘
11 Gﬂle”fif“ Cf-'”}’i”"/”/"’m* - - ) - 6. Distorsio simillima: Baitoa Fm, 3
12. Sconsia /”mf?”m 5 > 435+ . specimens in one collection; Cercado Fm,
13. Dalium dalli - - 12 - 9 . . ioh llections: Gurab
Fohinaphoria hadra™ - - n - specimens in eight collections; Gurabo
14 Sermicassis reclusa 3 1267 135 B Fm, 201 specimens in 68 collections.
15. Malea camura B 99 192 1 Distorsio simillima is one of the most abun-
16. Malea elliptica 8 40 25 - dant and characteristic tonnoideans in the
Malea goliath 1 - 19 - Dominican Republic faunas, exceeded in
17. Tonna g”l"‘i* - 4 2 - abundance only by members of Cassidae
Tonna pennata - 2 2 ~ and Tonnidae, particularly Cassis sulcifera,
Species totals: 32 (14%) 16 (172) 19 29 31?) 4 Sconsia laevigata, Semicassis reclusa, and
Specimen totals: 3,345 48 1545 | 1,734+ 10 Malea camura. As with the previous species,
Specimens/species: 104.5 2.8 81.3 55.9 1.3 2.5

Guayubin to Mao road, and Cerro Gordo to Mao road,” ap-
parently two distinct localities. Marsupina bufo is extremely
abundantly dredged on offshore soft substrata in depths of
approximately 30-200 m along the northern coast of South
America at present, particularly off of Suriname and Guiana,
but its occurrences as a fossil are unusually “patchy.” Its rarity
in the Dominican Republic evidently results from an unusual
combination of a mid- to outer continental shelf depth range
with an unusual environmental requirement. Diaz (1995)
pointed out the northern coasts of Colombia and Venezuela
as diversity “hot spots” in the Caribbean at present because
of up-welling driven by the onshore trade winds, so possibly

this seems simply to reflect its preference for
offshore soft substrata.

7. Charonia lampas: 1 recorded specimen
is from the Gurabo Fm in the Rio Gurabo in the first bluff
downstream from the road bridge at Los Quemados (Early
Pliocene). The other specimen is possibly from Baitoa Fm,
based on its style of preservation (E. Vokes, pers. comm., April
2008), although not localized in detail. It is also possibly from
the Gurabo Fm near where the other specimen was collected,
as John Saunders (pers. comm., 1982) reported many years
ago that the fine-grained matrix (i.c., unlikely to be Cercado
Fm) removed from this specimen contains Hirsutella marga-
ritae (Bolli & Bermudez, 1965), a planktonic foraminiferal
species that appears in low latitudes at around the Miocene-
Pliocene boundary (Kennett & Srinivasan, 1983: text-fig. 15,
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pl. 32, figs 4-6), and was used as the main Miocene-Pliocene
boundary index species in the Dominican Republic by
Saunders ez al. (1986: 17, 19), although it is possibly slightly
earlier in New Zealand and other higher latitudes. Charonia
lampas seems to have been as rare in the western Atlantic dur-
ing Miocene and Pliocene times as it is now, so probably the
few fossils represent a pseudopopulation recruited from South
Africa, just as are present-day Brazilian specimens.

8. Charonia variegata: Cercado Fm, 1 internal mold only;
Gurabo Fm, 14 specimens in as many collections. This spe-
cies is rare in Dominican Republic faunas, probably reflecting
its shallow-water soft-substratum preference at present (e.g.,
seagrass flats) inhabited by its echinoid prey, particularly cly-
peasteroids. All specimens in the Dominican Republic faunas
are immature. Possibly all specimens were transported in from
a shallower-water habitat.

9. Cymatium praefemorale: Cercado Fm, 14 specimens in
ten collections; Gurabo Fm, 49 specimens in 24 collections;
Mao Fm, 1 frag. This large, spectacular shell is uncommon at
best in the Dominican Republic faunas. The distribution of
specimen numbers implies that it preferred an offshore habi-
tat, like that of its Recent relative C. raderi, rather than the
shallow-water soft substrata, such as seagrass flats, favored by
its other Recent relative, C. femorale.

10. Monoplex cercadicus: Baitoa Fm, 1 specimen; Cercado
Fm, 9 specimens in six collections; Gurabo Fm, 18 specimens
in 14 collections, plus “many small” specimens in TU 1279.
Again, M. cercadicus is uncommon at best in the Dominican
Republic faunas, but it seems to have preferred an offshore
soft substratum. The apparently related present-day eastern
Pacific species, M. wiegmanni, lives in shallow, near-shore, soft
and hard substrata, and is trawled offshore on soft substrata
by shrimpers, so if the relationship is as close as is suggested
below, the lineage possibly has changed its ecological prefer-
ence relatively recently.

11. Monoplex gurabonicus: Baitoa Fm, 1 specimen;
Cercado Fm, 2 specimen in two collections; Gurabo Fm, 49
specimens in 21 collections; unnamed formation of E. Vokes
(in E. & H. Vokes, 1989: 21), 1 specimen. This species is
moderately common in the Gurabo Fm, and is scarcely re-
corded anywhere else, although its small size possibly means
that some specimens have avoided collection. It seems once
again to have preferred an offshore soft substratum, like that
of its present-day close relative, M. comptus.

12. Monoplex krebsii: Baitoa Fm, 1 specimen; Gurabo Fm,
52 specimens in 17 collections. This is the most commonly
collected offshore Monoplex species in the western Adantic at
present, but is as uncommon as the extinct species M. gura-
bonicus in Dominican Republic collections. It provides one
of the clearest examples of a preference for Gurabo habitats
over those of the Cercado Fm (from which none has been

collected), obviously reflecting its preference for offshore soft
substrata.

13. Monoplex longispira: Baitoa Fm, 1 frag and 1 small
specimen; deep-water facies of Gurabo Fm in Rio Verde, 1
specimen (holotype). There are too few records to conclude
much about this species, but the occurrence of the single
adult specimen in the deep-water Gurabo Fm seems to im-
ply that M. longispira was a deep-water, perhaps bathyal spe-
cies. However, such robust, thick-shelled Monoplex species are
mostly shallow-water rocky reef inhabitants at present, sug-
gesting, in contrast, that this was a transported specimen from
shallower water.

14. Monoplex parthenopeus: Baitoa Fm, 2 specimens in two
collections; Cercado Fm, 1 small specimen; Gurabo Fm, 1
specimen; and 1 specimen from the Mao Adentro Limestone
member of the Mao Fm. This is the most widespread large
Monoplex species in the present-day world fauna, but is no-
where very common today, and its sparseness is evidently re-
flected in the Dominican Republic faunas. However, it was
not very common or widely distributed around the world
by Late Miocene-Early Pliocene time, and its history is little
understood. The Chipola Fm (Burdigalian) specimen iden-
tified below as “Monoplex n. sp. A” is approximately coeval
with the earliest record of M. partheonopeus that I am aware
of, in the Baitoa Fm, and is possibly merely an early, very
coarsely sculptured specimen of M. parthenopeus. Monoplex
parthenopeus is a species with mysterious origins, followed by
a Pliocene-Pleistocene “blooming” that saw it spread rapidly
throughout much of the temperate and tropical world ocean.
This presumably implies that it evolved a particulararly long-
lived planktotrophic larval stage at about the end of Miocene
time, perhaps in response to cooling sea temperatures.

15. Monoplex pilearis: Baitoa Fm, 1 small specimen;
Cercado Fm, 2 specimens; Gurabo Fm, 3 specimens. Monoplex
pilearis is mostly a shallow-water species on hard substrata at
present, and is commonly collected on rock (rather than coral)
reefs, in the tropical Adlantic just as in the Indo-West Pacific
province. Most of the few Dominican Republic records seem
likely to represent transport of empty shells into deeper envi-
ronments than those in which it lived.

16. Septa landaui: Baitoa Fm, 6 small paratypes at one
locality; holotype only, from the Pliocene part of the Gurabo
Fm in the Rio Gurabo. Too few records of this rare species
are available to be able to interpret its preferred environment,
but most specimens of this genus seem to be associated with
shallow-water coral reefs at present, and it is possible that all
specimens were transported into deeper water than it inhab-
ited.

17. Turritriton domingensis: Baitoa Fm, 2 specimens;
Cercado Fm, 9 specimens in four collections; Gurabo Fm, 6
specimens in six collections. This species is closely related to
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the very widespread species 7. labiosus, which occupies a wide
range of depths and hard substrata at present. Its rarity in the
Dominican Republic, but greater commonness in the Cercado
than in the Gurabo Formations, implies that it preferred shal-
low water. Possibly, again, some specimens were transported
into the Gurabo Fm from a near-shore environment.

18. Sassia warreni: Gurabo Fm, 7 specimens from one lo-
cality; Mao Fm, 1 specimen. Again, this species is too rare
to be able to reach a conclusion about its ecology, but it
seems likely to have been an offshore species. Like most of
the Recent species resembling the type species of Sassia, S.
apenninica (Sassi, 1827), S. warreni might well have been a
bathyal soft-substratum species whose environment is scarcely
represented in the Dominican Republic. Its classic tonnoid-
ean planktotrophic protoconch (Warén & Bouchet, 1990:
fig. 163), with reticulate sculpture of thin, widely spaced axial
and spiral ridges, implies that S. warreni would have been
widespread in tropical America (and perhaps throughout the
Atlantic) during Early Pliocene time, but localities where the
depositional environment was deep enough to preserve it
seem to have been sparse.

19. Cymatiella vokesorum: Baitoa Fm, 2 specimens; other
material is from Trinidad, and the cutting on the road to Bani
in the southern Dominican Republic. Again, there is too little
material available to be able to interpret the environment pre-
ferred by this species, but it possibly occupied a similar inter-
tidal, rocky-shore habitat to that of the southern Australian
living species. This is the one Dominican Republic tonnoid-
ean that is not recorded from the Gurabo Fm.

20. Cassis altispira: 1 specimen from the Gurabo Fm in
the Rio Cana. Possibly most of the Dominican Republic rocks
were deposited in too deep water for this species. It is pos-
sible that the large specimen illustrated by Maury (1917a: pl.
44, fig. 1) as C. sulcifera is actually another specimen of C.
altispira, as suggested by the narrow callus shield, tall spire,
prominent spiral sculpture, and three rows of large nodules,
but it is impossible to be sure from her dorsal view. Maury
(1917a: 274) also commented on her material appearing at
first to be two distinct species.

21. Cassis sulcifera: Cercado Fm, 46 specimens in 23 col-
lections; Gurabo Fm, 235 specimens in 81 collections, plus
“many small” ones in TU 1215; unnamed formation of E.
Vokes (in E. & H. Vokes, 1989: 21), 6 specimens in two col-
lections. This is one of the most common and characteristic
large fossils of the Gurabo Fm, and apparently preferred a
more offshore habitat than the later Pliocene-Recent west-
ern Adantic Cassis species. This and its relatively small adult
size indicate that it preyed upon much smaller, more offshore
echinoids than the large clypeasteroids and Diadema, etc.,
preyed upon by Recent Cuassis species (see below, under C.
tuberosa). Perhaps the widely expanded ventral callous shield

is an adaptation to feeding on long-spined echinoids, allow-
ing the wide range of prey recorded below for C. ruberosa. The
similar callous shield then possibly reflects a similar range of
smaller, but long-spined, prey for C. sulcifera rather than a
close phylogenetic relationship to C. zuberosa.

22. Cypraecassis testiculus: Baitoa Fm, 6 specimens in one
collection; Cercado Fm, 1 specimen; Gurabo Fm, 48 speci-
mens in 21 collections; unnamed formation of E. Vokes (in
E. & H. Vokes, 1998: 21), 2 specimens in one collection.
Again, this is an uncommon species that is best represented
in the Gurabo Fm, and evidently preferred (and still prefers)
offshore soft substrata, and so evidently preys upon small off-
shore echinoids.

23. Galeodea cf. echinophora: 2 specimens, probably both
from deep-water facies of the Gurabo Fm, although one is
unlocalized. Galeodea echinophora is a bathyal species in the
Mediterranean Sea at present, and this is apparently another
bathyal species whose environment is scarcely represented in
the Dominican Republic.

24. Sconsia laevigata: Baitoa Fm, 5 specimens in two col-
lections; Cercado Fm, 5 specimens in four collections; Gurabo
Fm, 435 specimens in 102 collections, plus uncounted speci-
mens at 12 localities; Mao Fm, 3 specimens in two collec-
tions. Sconsia laevigata is one of the most abundant, charac-
teristic Gurabo Fm species, and evidently occupied the same
offshore, soft-substratum habitat as S. gray: occupies at present
along the northern coast of South America. The abundance of
this species, and yet rarity of Marsupina bufo, indicates that
the Gurabo Fm was deposited in conditions similar to those
along the Colombian Caribbean coast at present, rather than
the coast of eastern Venezuela and Guiana, although it is not
obvious what the distinction is caused by at present.

25. Dalium dalli: 12 specimens in six collections, all from
deep-water facies of the Gurabo Fm. This and the following
species are further bathyal species whose habitat is scarcely
represented in the Dominican Republic. Most of the recently
collected material of D. solidum is from off of the coasts of
Venezuela and Guiana.

26. Echinophoria hadra: 1 specimen from the deep-water
facies of the Gurabo Fm in Arroyo Zalaya. Again, the few
known Recent specimens are from off of the coast of Guiana.

27. Semicassis reclusa: Baitoa Fm, 2 specimens; Cercado
Fm, 1,267 specimens in 32 collections, many of them small
juveniles; Gurabo Fm, 135 specimens in 46 collections, many
of them larger than the specimens in the Cercado Fm. This is
one of only two tonnoideans that are more abundant in the
Cercado than in the Gurabo Fm, and is represented by huge
numbers of juvenile specimens in the Cercado shell lenses.
Evidently S. reclusa preferred the same near-shore sandy sub-
stratum, just off of ocean beaches, as is occupied by its close
relative S. granulata at present, and preyed on similar sandy
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beach “sand dollar” clypeasteroid echinoids.

28. Malea camura: Cercado Fm, 99 specimens in 14 col-
lections; Gurabo Fm, 192 specimens in 47 collections; Mao
Fm, 1 specimen; unnamed formation of E. Vokes (in E. &
H. Vokes, 1989: 21), 1 specimen. This Malea species is more
abundant in the more offshore Gurabo Fm than in the shal-
low-water Cercado Fm, the opposite of M. elliptica (below).
This suggests two possible explanations of their occurrences:
(a) they are ecophenotypic forms of one species, or (b) they
are distinct species that largely occupied different habitats and
so apparently preyed upon distinct echinoderms. At present
the second possibility seems the more likely, and so is adopted
here, but further research is required to finalize their interpre-
tation.

29. Malea elliptica: Baitoa Fm, 8 specimens in four collec-
tions; Cercado Fm, 40 specimens in nine collections; Gurabo
Fm, 25 specimens in 11 collections. This is the one other ton-
noidean (besides Semicassis reclusa) that is more common in
the Cercado than in the Gurabo Fm, particularly keeping in
mind that Gurabo Fm outcrops are much more extensive; this
is discussed under M. camura.

30. Malea goliath: Baitoa Fm, 1 specimen; Gurabo Fm, 19
specimens (mostly frags) in six collections. Again, there is too
little material to be able to interpret this species, taxonomical-
ly or ecologically; several possible taxonomic interpretations
are discussed in the systematic section.

31. Tonna galea: Cercado Fm, 4 specimens in three col-
lections; Gurabo Fm, 2 specimens in two collections. See fol-
lowing.

32. Tonna pennata: Cercado Fm, 2 specimens in two col-
lections; Gurabo Fm, 2 specimens in two collections. Both
Tonna species are so rare in the Domincan Republic that their
ecological preferences are not interpretable, but it seems pos-
sible that they preyed on sparse, large, offshore, soft-substra-
tum holothurians, whose distributions control those of their
predators.

TONNOIDEA IN ATLANTIC PANAMA NEOGENE FAUNAS

An account of marine fossiliferous Neogene formations and
their ages in Atlantic Panama was provided by Collins &
Coates (1999), and the formations used here follow them and
the PPP web database, modified by the addition of Valiente
Fm by Coates ¢t al. (2003). These represent the first modern
studies of the stratigraphy of the region, with accurate micro-
fossil biostratigraphy. Taxa present in Atlantic Panama forma-
tions, with approximate counts of specimens to show relative
numbers, are listed in Table 2.

The most obvious difference between this fauna and the
Dominican Republic faunas described above is the striking
rarity and low diversity of Bursidae and Ranellidae in all for-
mations other than the Gatum Fm, shown by the much lower

total counts of specimens and ratios of specimens to species
for Atlantic Panama Basin tonnoideans than for the most
diverse Dominican Republic ones, the Cercado and Gurabo
Formations. The average specimen number per species overall
is 34.6 in Table 2, but just over three times that (104.5) in
Table 1. By coincidence, Tables 1 and 2 each list 32 species
of tonnoideans and, although 15 species are in common to
both faunas (Bursa grayana, Marsupina bufo, Distorsio clath-
rata, D. megintyi, D. simillima, Charonia variegata, Cymatium
praefemorale, Monoplex cercadicus, M. krebsii, M. parthenopeus,
Turritriton domingensis, Cassis altispira, Echinophoria hadra,
Malea goliath, Tonna pennata), all of them are rare in one or
both faunas. All except M. krebsii are represented by fewer than
five specimens in one fauna or the other, and even M. krebsii
is represented by only eight specimens in the Panama fau-
nas. Even in the Gatun Fm, where the diversity is highest and
numbers of specimens per species are comparable with those
in some Dominican Republic faunas, only one or two speci-
mens represent most species. The great exception is the abun-
dance of B. rugosa in the Gatun Fm near the oil refinery gates
at Isla Payardi, Colon. Two cassids in Tables 1-2 are members
of closely similar, partly coeval species pairs (Sconsia grayi and
S. laevigata, Semicassis granulata and S. reclusa), indicating a
significant biogeographical distinction between the faunas.
These faunas, therefore, possibly lived in distinct, segregated
basins within the proto-Caribbean Sea. The only common
Distorsio species in the Panama Canal Basin is D. decussata
which, under the synonym D. gatunensis, has long been one
of the classic fossils of the Gatun Fm (Woodring, 1959). It oc-
curs also in reasonable numbers in the slightly older Valiente
Fm (Middle Miocene; 16.4-12 Ma) in the Bocas del Toro
Basin. The one other occurrence of a common Distorsio spe-
cies is D. clathrata, in the Late Pliocene Escudo de Veraguas
Fm (3.6-1.8 Ma) of the Bocas del Toro Basin. The other com-
mon tonnoideans in these faunas are S. grayi — surprisingly
well represented in all formations, even the Pleistocene Swan
Cay Fm (1.8-0.9 Ma), which has a very small outcrop area
on Swan Cay (and so a correspondingly low diversity of ton-
noideans) — and Echinophoria hadra. Echinophoria hadra is
common in the Chagres Fm in the Panama Canal Basin, but
there seem to be no records from the Gatun Fm, whereas it
occurs in small numbers in all Bocas del Toro Group forma-
tions, other than the Swan Cay Fm, and is moderately com-
mon in the Nancy Point Fm (Late Miocene, 6.5-5.6 Ma)
and the Shark Hole Point Fm (Pliocene, 5.2-2.3 Ma). In the
Dominican Republic, the single record of E. hadra is a speci-
men collected by Bernard Landau from a deep-water facies of
the Gurabo Fm in Arroyo Zalaya, estimated by E. Vokes (in
E. & H. Vokes, 1989: 21) to have been deposited in 150-350
m of water. The difference between the depositional environ-
ments of the Gatun and Chagres Formations was described by
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Table 2. Numbers of specimens of tonnoidean species in Atlantic Panama formations (Panama Canal Basin, left column; and Bocas del Toro
Basin, all other columns). Numbered species (left margin) are not in common with Table 1; *, species extending until the present day; -, not
present; Ch, records entirely from Chagres Fm (rather than Gatun Fm; all other Panama Canal Basin records are from the Gatun Fm).

Gatun/Chagres | Valiente

Nancy Pt

Cayo Agua | Shark Hole Pt | Escudo de Veraguas Swan Cay

Bursa grayana™® - - -

- - - 2

1. Bursa ranelloides* - - _

1 R R -

2. Bursa rugosa™ 193 7 -

R 1 R -

3. Bursa scrobilator® - - _

- 1

4. Crossata ventricosa™ - - _

Marsupina bufo* - - -

Distorsio clathrata™* 2

34 -

5. Distorsio decussata™ 160 21 -

Distorsio mcgintyi*

'
— ==

Distorsio simillima - - _

'
'

SR
\

Charonia variegata™ - - R

Cymatium praefemorale - - R

6. Linatella caudata* - 1 -

7. Monoplex aquatilis* 1 - R

Monoplex cercadicus 1 - -

8. Monoplex gatunicus 11 - -

Monoplex krebsii*

9. Monaplex panamensis

Monoplex parthenopeus™

10. Monoplex n. sp. A

Turritriton domingensis

11. Turritriton gibbosus*

Cassis altispira - - R

12. Cassis costulifera - - R

13. Sconsia grayi* 13 87 13

14. Qocorys cf. clericus*

Echinophoria hadra* 36 (Ch) 2 13

o ||
~

15. Semicassis granulata* 2
16. Malea n. sp. aff. elliptica 1

Malea goliath - - -

17. Malea ringens* 86 2 -

22 3 1 -

Tonna pennata™ - - -

Species totals: 32 (21%) 18 8 2

11 15 12 6

Specimen totals: 1107 517 125 26

168 118 140 13

Specimens/species: 34.6 28.7 15.6 13.0

15.3 7.9 11.7 2.2

Coates et al. (2003: 286): “In the Bocas del Toro region, in-
ner neritic paleodepths, represented by the Tobabe Sandstone,
prevailed until the Messinian (7.26-5.32 Ma), when wide-
spread deepening to upper bathyal depths is recorded by the
overlying Nancy Point Fm. This event was paralleled in the
Panama Canal Basin by the transition from the Gatun Fm (ca.
8 Ma, 20-40 m paleodepth) to the overlying Chagres Fm (ca.
6 Ma, 200-600 m paleodepth).” Therefore, the few ranellids
and bursids recorded from the Panama Canal Basin occur in
the shallow-water (but apparently rapidly deposited) Gatun
Fm, whereas the more common E. hadra occurs in the up-
per bathyal Chagres Fm, and is virtually the sole tonnoidean
recorded from this unit. The one other tonnoidean occurring
in significant numbers in Atlantic Panama basins is Malea rin-

gens, which is moderately abundant in the Gatun Fm, mod-
erately common in the Cayo Agua Fm (Early Pliocene, 5.0-
3.5 Ma), and occurs in small numbers in the Valiente, Shark
Hole Point, and Escudo de Veraguas (Pliocene, 3.6-1.8 Ma)
Formations. Occurrences of this eastern Pacific species in the
Bocas del Toro Basin therefore require the CAl still to be open
well after 3.6 Ma. Coates (1999: 29) pointed out evidence for
a relatively shallow depth of deposition for Cayo Agua Fm: the
lithology is predominantly gray-blue, muddy; lithic sandstone
with horizons of pebble conglomerate and coarse-grained
volcaniclastic sandstone, and with beds of thick-shelled mol-
lusks. “In addition the mollusks and corals in Cayo Agua Fm
are larger and more heavily calcified than those in the Shark
Hole and Escudo de Veraguas formations.” He concluded that
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the Cayo Agua Fm is equivalent in age to the upper part of
the Shark Hole Point and the lower part of the Escudo de
Veraguas formations, and represents a shallower-water facies
than either. Coates ¢t al. (2003: 286) further adopted “in-
ner neritic depths” of deposition for the Shark Hole Point
and Cayo Agua Formations. The greater abundance of Sconsia
grayi and Malea ringens in the Cayo Agua than in the Shark
Hole Point and Escudo de Veraguas Formations possibly re-
flects this depositional difference, but other differences de-
pendent on depth are not obvious from tonnoideans. The
offshore species Bursa ranelloides occurring in the Cayo Agua
Fm, compared with the intertidal rocky-shore species B. ru-
gosa occurring in the Shark Hole Point Fm, seems to indicate
the opposite, although, as usual, only one specimen of each
is present. Most other species are simply too uncommon in
these formations for their interpretation to have any meaning,.
Many of the taxa present in the Bocas del Toro Basin seem to
represent occasional down-slope transport of shallower-water
specimens into deeper-water deposition sites, perhaps reflect-
ing rapid tectonic movements and the proximity of relatively
deep water to the shore. The dominance of soft-substratum
cassids, tonnids, and Distorsio in Atlantic Panama basins cer-
tainly seems to reflect a dominance of rapidly deposited fine
sediment. A large number of species is represented by only 1-8
specimens in any formation, indicating that these basins did
not preserve the preferred habitat of these species (all taxa list-
ed in Table 2 other than Bursa rugosa, Distorsio clathrata, D.
decussata, Sconsia grayi, Echinophoria hadra, and Malea ringens;
26 out of the 32 recorded taxa are rare in #// formations). A
higher rate of sedimentation than in the Dominican Republic
formations, probably reflecting much greater proximity to a
plate boundary, seems to have swamped the tonnoideans in
sediment in the Panama Canal and Bocas del Toro basins. In
contrast, slower deposition in what is now the Dominican
Republic seems to have allowed a much higher diversity and
abundance of tonnoideans.

FaunaL Lists FOR THE OTHER MAIN FossiL. LOCALITIES
The tonnoidean faunas of the main, well-known, Neogene fos-
sil localities in tropical America are listed here (Table 3) in or-
der from older to younger, other than those in the Dominican
Republic (Table 1) and Atlantic Panama (Table 2), which are
treated above. The obvious conclusion from Table 1-3 is that
there is surprisingly little similarity between faunas of the
same age throughout the tropical American region, even for
tonnoideans with their famously long-lived planktotrophic
larvae. Evidently geographical and other barriers to dispersal
were already forming distinct faunal provinces during late
Early Miocene time, providing further evidence of the begin-
ning of uplift of the CAI Species restricted to one to three
faunas are more commonly found among the Cassidae and

Tonnidae rather than other families. Species that occur in four
or more faunas are Bursa rhodostoma, B. rugosa (the greatest
number of faunas, nine), Marsupina bufo, Distorsio clathrata,
D. mcgintyi, Monoplex krebsii, M. parthenopeus, and Malea
ringens. Cassis altispira might well be another member of this
group, but most material is too poor for certain identification.
In the faunas of Atlantic Panama basins (Table 3), common
species are again Bursa rugosa, D. clathrata, M. krebsii, and M.
ringens, with the addition of Distorsio decussata, Sconsia grayi,
and Echinophoria hadra. However, in the Dominican Republic
faunas (Table 1), few of these are common or widespread; the
only species occurring in reasonable numbers in most faunas
is Monoplex krebsii, although M. parthenopeus occurs in small
numbers in most. Species of Cassis and Malea have undergone
the most rapid extinction and speciation of the tonnoideans
studied here. This is indicated by, among other things, the
lower percentages of Recent species within familes Cassidae
and Tonnidae than in the other familes in Tables 1-3. Bursidae
+ Personidae + Ranellidae (BPR) includes 53% of species ex-
tending to the present day in the Dominican Republic faunas
(Table 1), whereas Cassidae + Tonnidae (CT) includes 42%;
BPR = 68% of species extending to the present day in the
Panama faunas (Table 2), whereas CT = 60%; BPR = 69% of
species extending to the present day in the other listed faunas
(Table 3), whereas CT = 35%. Clearly, depositional environ-
ment has also played a part in the distinctiveness of several
faunas. In particular, the Dominican Republic faunas seem to
have relatively little in common with coeval faunas elsewhere
in the region, partly because they were deposited in slightly to
markedly deeper water than many others, and shallow-water,
rocky shore species such as Bursa rugosa do not occur there,
but also partly because they were further from active tectonic
areas and so were not so swamped with fine sediment.

Similarity Indices

Three similarity indices (Hammer & Harper, 2006: 212-
213) were used to calculate similarities between some of
the main obviously comparable faunas listed in Tables 1-3,
based on presence/absence counts of species. Jaccard’s index
is calculated as M/N (M = the number of species common to
both samples; N = the number of unshared species in both,
i.e., M+N = the total number of species in both samples).
Simpson’s index is calculated as M/S (S = the total number of
species in the smaller of the two samples). Dice’s index (also
known as Serensen’s) is calculated as 2M/(2M+N). All indices
give results between 0 (no similarity) and 1 (identical). The
results are shown in Table 4.

Dice’s index was considered by Hammer & Harper (20006:
212) to be similar to Jaccard’s, but normalizes with respect
to the average rather than the total number of species in the
two samples. It is therefore less sensitive than Jaccard’s to dif-
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Table 3. Presences and absences of tonnoideans in the faunas of some of the main fossil localities in tropical America, other than the Dominican
Republic (Table 1) and Atlantic Panama (Table 2). x, species present; -, species absent; ?, species identity in doubt. Locality columns: Chipola
Fm, Florida (late Early Miocene); Cantaure, Paraguand Peninsula, Venezuela (late Early Miocene); Carriacou, Grenadine Islands (Middle Mio-
cene); Caujarao Fm, Carrizal, Venezuela (Middle Miocene); Darien, Pacific Panama (Middle Miocene); Punta Gavildn, northern Venezuela
(Early Pliocene); Springvale Quarry, Trinidad (Early Pliocene); Cubagua Fm, Cubagua Island, Venezuela (Early Pliocene); Onzole Fm, Ecuador
(Early Pliocene); Agueguexquite Fm, Isthmus of Tehuantepec, Mexico (Pliocene) [Note: blank column indicates cassids and tonnids not listed];
Moin Fm, Limén, Atlantic Costa Rica (Late Pliocene-earliest Pleistocene); Bowden shellbed, Jamaica (Late Pliocene); lower Mare Fm, Cabo
Blanco, Venezuela (Late Pliocene); Armuelles Fm, Burica Peninsula, Pacific Panama (Early Pleistocene); Recent (including only those fossil spe-
cies that extend to the present day); parentheses indicate Recent occurrences in Mediterranean-West Africa only.

Chipola Fm
Cantaure Fm
Carriacou Island
Caujarao Fm
Darien

Punta Gavildn
Springvale Fm
Cugabua Island
Onzole Fm
Agueguexquite
Limén

Bowden

Lower Mare Fm
Armuelles Fm
Recent

Bursa chipolana

"
'
'
'
'
'
'
'
'
'
'
'
'

'
1
1
1
1
1
1

"
1
1
1
1

Bursa corrugata -

Bursa natalensis - - - - - - - _ _ _

"

1

1

|
< ksl kel

Bursa rhodostoma X

ol
'
'
'
'

ol

ol
'
'

ol
'
'
'

Bursa rugosa - X X X X X - X X X - - - X X

Bursa scrobilator - - - - - - - - - - X - - R (%)

Aspa marginata - - - - - - - - - - X - - - (x)
Crossata ventricosa - - - - - - - - X - - - - - <
Marsupina bufo - - - - - - X X - - X X X - X

Marsupina nana - - - - X - - - - - - R R X X

Distorsio biangulata - X - - - - - - - - - R R R -

Distorsio clathrata - - ? X - X - X X X X X X -

Distorsio constricta - - - - - - - - - x - - -

X

X X
Distorsio decussata - - - - X - - - X - - - - X X
Dis. jenniernestae - - - - - - - - - - - - R X x

Distorsio jungi ? X - - - - - - - - - - - - -
Distorsio floridana ? - - - - - - - - - R R R -
Distorsio mcgintyi - X - X X X - X - - X X - -

"

D. minoruohnishii - - - - - - - - - - - - R X

Distorsio simillima - - - - - - - X _ _

X
Halgyrineum louisae - - - - - - - - - - X - - -
Charonia variegata - - - - - - . - - R X

Charonia lampas - - - - - - - - ; - j j x B
Cymatium femorale - - - - - - - - - - X X X -
Linatella caudata - - - - - X X X - - - - - X

Monoplex amictus - - - - - - - - X - - - - -

Lol Ko Kol T R S B

Monoplex aquatilis - - - - - - - - - X - - - R

'

Monoplex cercadicus - X - X - - - X - - - _ _ _

Monoplex comptus - - - - - - - - - - X X - R

Monoplex keenae - - - - - - - - - - - - - X

Mo [

Monoplex lignarius - - -
Monoplex jackwinorum - X -

Monoplex krebsii X X - - - X -

Monoplex panamensis - - - - X - - - - - - - - - R
Mono. parthenopeus - - - - - X - - - X - x X i
Monoplex pilearis - - - - - - - - - - X - - -

o}

Monoplex ritteri X X - - - - - - - - - - - R R

Mono. tranquebaricus - - - - - - - X - - - - - -

Monoplex vestitus - - - - - - - - - - - - R

MR [

Monoplex wiegmanni - - - - X - - - X - - - R
Monoplex n. sp. A X - - - - - - - - - - : j i -
Reticutriton(?) n. sp. - X - - - - - - - - - - R R -
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Chipola Fm
Cantaure Fm
Carriacou Island
Caujarao Fm
Darien

Punta Gavilin

Springvale Fm
Cugabua Island
Onzole Fm
Agueguexquite
Limén

Bowden

Lower Mare Fm
Armuelles Fm
Recent

Septa occidentalis - - - - R

'
'
'
'

M
'
'
'

M

Turritrit. domingensis - X - X -

Turritriton labiosus - - - - _

Sassia_cf. apenninica - - X - -

Cassis altispira - - - . ?

Cassis costulifera - - - . B

Cassis delta X - - - -

Cassis flammea

C. madagascariensis - - - - R

Cassis sulcifera - - - X _

Cassis tuberosa - - - - _

Cypraecassis cantaurana - X - - -

Cypraec. chipolana

Cypraec. testiculus - X - X -

Cypraecassis wilmae - - - - -

Dalium ecuadorianum - - - - R

Sconsia grayi - - - R x

Sconsia laevigata - X - . B

Sconsia paralaevigata X - - - -

Echinophoria famulans - - x - _

Echinophoria hadra - X - - -

Echinophor. woodringi - - - - -

Semicassis aldrichi X X - - -

Semi. centiquadrata - - - - x

Semicassis granulata - - - - -

Semi._maleaformis - - - - j

Semicassis reclusa - - - X -

Semicassis senni - - - - -

Eudol. subfasciatum X X - - -

Malea camura - _ _ X _

Malea densecostata - - - - _

Malea mareana - - - - -

Malea ringens - - - _ X

Malea n. sp. A - x - _ _

Malean. sp. B - - . - R

Tonna galea - - - . B

Tonna pennata - - - - -

Species numbers: 80 12 18 4 11 10

ferences in sample size. It also puts more weight on matches
rather than mismatches, because of the multiplication of M by
two. In contrast, Simpson’s index was considered by Hammer
& Harper (2006: 212) to be insensitive to the size of the larger
sample. In effect, it disregards absences in the smaller sample.
They considered that this might make Simpson’s index more
appropriate when sampling is thought to be incomplete, as
probably applies here to eastern Pacific Neogene faunas. Both
Jaccard’s and Dice’s indices decrease regularly down Table 4

in a manner that seems reasonable, in view of distances be-
tween samples and their positions within depositional basins,
despite Dice’s values being consistently higher than Jaccard’s.
However, Simpson’s index does not parallel the others. It ap-
pears that the samples in the middle of the table with fewer
species give higher values using Simpson’s index, so the re-
sults using the other two indices seem to be more reliable than
Simpson’s.

The two Late Pliocene faunas compared in the tropical
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western Atlantic, the Moin Fm and Bowden shellbed, have the
highest similarity. The similarity between the faunas of Darien
and the Onzole Fm of Ecuador, both on the eastern coast of
tropical America, is the next highest, despite the older age of
the Darien fauna (Middle-Late Miocene) than of the Onzole
Fm (Early Pliocene). The Dominican Republic and Atlantic
Panama faunas (Tables 1-2) are moderately similar judged
by all indices, whereas the similarity of the Chipola Fm and
Cantaure shellbed faunas is lower, and all other Atlantic faunas
compared have low similarity indices. This again points to the
existence of depositional basins in the tropical Adantic sepa-
rating the taxa inhabiting the Dominican Republic, Atlantic
Panama, and Venezuelan areas.

The results should be interpreted cautiously because of
possible ecological differences between the faunas being com-
pared. Nevertheless, they seem to offer some information on
CAI closure. Not surprisingly, they indicate that larvae were
still being transported through the CAI at the time of deposi-
tion of the faunas of Darien and Atlantic Panama (Middle-
Late Miocene), as the similarity indices of these two faunas
are identical to those of Punta Gavildn and Atlantic Panama.
In contrast, the youngest faunas on opposite sides of the
Americas, those of the Moin and Armuelles Formations (Late
Pliocene-Early Pleistocene), are highly dissimilar. This implies
almost complete cessation of larval transport through the CAI
by this time. Even more extremely, the Armuelles Fm has no
species in common with the Bowden shellbed (Bursa corru-
gata potentially could be found in both of them, but is not
yet known in cither). The contrast with the correspondingly
high similarity between the Moin Fm and Bowden, the high-
est calculated by all three indices, indicates that the Atlantic
fauna was strongly distinct from the eastern Pacific one by
Late Pliocene-catliest Pleistocene time. This again seems to
be good evidence that larval transport through the CAI had

Table 4. Jaccard’s, Simpson’s, and Dice’s similarity indices for some
of the main comparable Neogene tonnoidean faunas in tropical
America (listed in Tables 1-3), in order from highest to lowest simi-
larity of Jaccard’s and Dice’s indices.

Jaccard | Simpson | Dice
Moin Fm: Bowden 0.667 0.714 0.571
Darien: Onzole Fm 0.286 0.6 0.444
Dominican Republic: Atlantic 0.234 0.469 0.379
Panama
Chipola Fm: Cantaure 0.2 0.5 0.333
Atlantic Panama: Darien 0.167 0.7 0.286
Punta Gavildn: Atlantic Panama 0.167 0.7 0.286
Punta Gavildn: Dominican Republic 0.143 0.6 0.25
Moin Fm: Armuelles Fm 0.031 0.077 0.059
Bowden: Armuelles Fm 0 0 0

virtually ceased. Nevertheless, the presence of the eastern
Pacific species Malea ringens in both the Moin and Armuelles
Formations indicates that minor larval transport was still pos-
sible through the CAI during earliest Pleistocene interglacial
periods of high sea level. The presence of Linatella caudara
in the Armuelles Fm is suggested below to be further indi-
cation of larval transport in the opposite direction through
the CAI during Early Pleistocene time. Linatella caudata is
common to the Armuelles, Punta Gavildn, Springvale, and
Cubagua Formations, as well as the Recent Atlantic fauna and
the Pliocene and Pleistocene of Florida, even though there are
as yet no records from Bowden.

RecenT ToNNOIDEAN FAUNAS

Recent faunas of the broad study area are listed below for com-
parison with the lists of fossils. Authors’ names are provided
for species not otherwise referred to in the taxonomic section
below; E = endemic, i.e., restricted to the region.

1. Eastern Pacific: Bursa asperrima (rare), B. corrugata,
B. granularis (rare), B. rugosa (E), Crossata ventricosa (E),
Marsupina nana (E), Distorsio constricta (E), D. decussata (E),
D. jenniernestae (E), D. minoruohnishii (E), Argobuccinum pus-
tulosum, Fusitriton magellanicus, E oregonensis, Priene scabrum
(E), Charonia tritonis (rare), Cymatium tigrinum (E), Gelagna
succincta (rare), Gutturnium muricinum (rare), Monoplex
amictus (B), M. aquatilis (rare), M. keenae (E), M. lignarius
(E), M. macrodon (E), M. mundus (rare), M. vestitus (E), M.
wiegmanni (E), Reticutriton lineatus (E), Turritriton gibbosus,
1. labiosus (rare), Cypraecassis coarctata (E), C. tenuis (E), C.
wilmae (E), Qocorys elevara (E), O. rorunda (Dall, 1908) (E),
Casmaria vibexmexicana (Stearns, 1893) (E), Echinophoria
pilsbryi (Woodring & Olsson, 1957) (E), Semicassis centi-
quadrata (E), Malea ringens (E) (38 species, 24 endemic =

63%) (“rare” implies eastern Pacific. pseudopopulations_ re-
cruited across the East Pacific barrier from the western Pacific;

8 species = 21%).

2. Western Adantic: Bursa corrugata, B. granularis, B.
grayana (E), B. natalensis (E), B. ranelloides, B. rhodostoma,
Marsupina bufo (E), Distorsio clathrata (E), D. mecgintyi (E),
D. perdistorta, Personopsis grasi, Fusitriton magellanicus, E
brasiliensis (E), Ranella gemmifera (rare), R olearium (rare),
Charonia lampas (rare), C. tritonis (rare), C. variegata (E),
Cabestana felipponei (E), Cymatium femorale (E), C. raderi (E),
Gelagna succincta (rare), Guiturnium muricinum, Linatella
caudata, [Lotoria lotoria (Linnaeus, 1758), one unconfirmed
record; not included in species count], Monoplex aquatilis,
M. comptus, M. exaratus (rare), M. krebsii, M. pilearis, M.
mundus, M. nicobaricus, M. parthenopeus, M. tranquebari-
cus (rare), M. trigonus (rare), M. vespaceus (rare), Ranularia
cynocephalum, R. gallinago (rare), R. rehderi (E), Reticutriton
pfeifferianus, Septa occidentalis, Turritriton gibbosus (rare), T.
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labiosus, T. tenuiliratus, Sassia lewisi, Cassis flammea (E), C.
madagascariensis (E), C. norai (rare), C. tuberosa, Cypraecassis
testiculus (E), Sconsia alexarthuri Parth, 1984 (E), S. grayi (E),
S. nephele (E), Oocorys clericus (E), O. sulcata Fischer, 1884, O.
verrilli (Dall, 1889), Dalium solidum Dall, 1889 (E), Eucorys
barbouri (Clench & Aguayo, 1939) (E), E. bartschi (Rehder,
1943) (E), Casmaria atlantica Clench, 1944 (E) [2= C. per-
ryi (Iredale, 1912)], Echinophoria coronadoi (Crosse, 1867)
(E), E. hadra (E), Semicassis granulata (E), Eudolium bairdii
(Verrill & Smith, 1881), Eudolium crosseanum (Monterosato,
1869), Malea pomum (Linnacus, 1758) (rare), Tonna galea, 1.
pennata, Akibumia n. sp. Beu & Bouchet, in prep. (68 species,
25 endemic = 37%) (“rare” implies western Adantic pseudo-
populations recruited from West Africa or South Africa; 12
species = 18%).

3. Eastern Atlantic and Mediterranean (species occurring
in, but not necessarily limited to, the latter identified by “m”):
Bursa corrugata, B. ranelloides, B. rhodostoma, B. scrobilator
(m, E), Aspa marginata (E), Distorsio perdistorta, D. smithi (E),
Personopsis grasi, Halgyrineum louisae, Ranella olearium (m),
Charonia lampas (m), C. seguenzae (m, E), C. variegata (rare),
Cabestana cutacea (m, E), Cymatium femorale (rare), Gelagna
succincta (rare), Gutturnium muricinum (rare), Linatella cau-
data, Monoplex aquatilis (rare), M. comptus, M. corrugatus
(m, E), M. krebsii (rare), M. pilearis (rare), M. parthenopeus
(m), M. tranquebaricus, M. trigonus, Ranularia cynocephalum
(rare), Septa occidentalis (rare), Turritriton kobelti (E), T. la-
biosus, T. tenuiliratus, Sassia lewisi, Cassis norai (E?), C. tes-
sellata (Gmelin, 1791) (E), C. tuberosa (rare?), Cypraecassis
testiculus senegalica (Gmelin, 1791) (E), Galeodea echinophora
(Linnaeus, 1758) (m, E), G. rugosa (Linnaeus, 1771) (m, E),
Oocorys grandis Beu, 2008, O. sulcata Fischer, 1884, O. ver-
rilli (Dall, 1889) (rare), Semicassis saburon (Bruguiere, 1792)
(m, E), S. undulata (Gmelin, 1791) (m, E), Eudolium bair-
dii (Verrill & Smith, 1881), E. crosseanum (Monterosato,
1869) (m), Tonna galea (m), 1. pennata (rare), Akibumia ori-
entalis (Schepman, 1909) (rare), A. peregrinatrix (Waren &
Bouchet, 1990), Akibumia n. sp. A Beu & Bouchet, in prep.,
Pisanianura grimaldii (Dautenberg, 1889) (51 species, 14
endemic = 27%) (“rare” implies West African pseudopopula-
tions recruited from the western Atlantic; 13 species = 25%).

An interesting subgroup here consists of species that are
largely restricted to West Africa and/or the Mediterranean, but
that are identified in the main text, below, as having made geo-
logically brief range extensions to the western Atantic, with
their times of western Atlantic appearance listed in parenthe-
ses: Bursa scrobilator (Late Pliocene-Early Pleistocene, mainly
recorded from Limén), Aspa marginata (Late Pliocene-Early
Pleistocene, Limén), Monoplex tranquebaricus (Miocene?;
Pleistocene and Recent; most records from Isla Cubagua),
M. trigonus (Recent), ?Sassia apenninica (Miocene, Carriacou

only; Miocene and Pliocene in Europe). The unidentified
species of Galeodea in Middle Miocene-Pliocene rocks of the
Dominican Republic also possibly is the European Miocene-
Recent species G. echinophora (Linnaeus, 1758), but known
specimens are not complete enough for definite identification,
despite the recent collection of a similar shell from deep water
off of Martinique.

4. Tropical Indo-West Pacific: The fauna is listed from Beu
(1998b: 17-20), with minor amendments, a list of Cassidae
added from Abbott (1968), Kreipl (1997), and Beu (2008),
Laubierinidae from Beu & Bouchet (in prep.), Eudolium from
Marshall (1992) as modified by Vos (2007), and Tonnidae
from Vos (2007); only species that are NOT endemic are
identified with an asterisk™*.

BURSIDAE: Bufonaria cavitensis (Reeve, 1844), B. cris-
tinae Parth, 1989, B. crumena (Lamarck, 1816), B. echinata
(Link, 1807), B. elegans (G. B. Sowerby 11, 1836), B. foli-
ata (Broderip, 1826), B. margaritula (Deshayes, 1832), B.
perelegans Beu, 1987, B. rana (Linnaeus, 1758), B. thersites
(Redfield, 1846); Bursa asperrima, B. awatii Ray, 1949, B.
bufonia (Gmelin, 1791), B. condita (Gmelin, 1791), B. cru-
entata (G. B. Sowerby 11, 1835), B. davidboschi Beu, 1987,
B. fosteri Beu, 1987, *B. granularis, B. humilis Beu, 1981, B.
lamarckii (Deshayes, 1853), B. latitudo Garrard, 1961, B. lu-
caensis Parth, 1991, B. luteostoma (Pease, 1861), B. quiriho-
rai Beu, 1987, *B. ranclloides, *B. rhodostoma, B. rosa (Perry,
1811), B. tuberosissima (Reeve, 1844), B. verrucosa (G. B.
Sowerby 1, 1825); Bursina borisbeckeri (Parth, 1996), B. fer-
nandesi (Beu, 1977), B. fijiensis (Watson, 1881), B. gnorima
(Melvill, 1918), B. ignobilis (Beu, 1987), B. nobilis (Reeve,
1844); Tutufa (Tutufa) bardeyi (Jousseaume, 1894), T bubo
(Linnaeus, 1758), T bufo (Roding, 1798), 1. tenuigranosa (E.
A. Smith, 1914), T (Tutufella) boholica Beu, 1987, T. nigrita
Miihlhdusser & Blocher, 1979, 17 oyamai Habe, 1973, 1. ru-
beta (Linnaeus, 1758) (43 species, 40 endemic = 93%).

RANELLIDAE, RANELLINAE: Biplex bozzettii Beu,
1998 [= B. perca?], B. perca (Perry, 1811), B. pulchella (G.
B. Sowerby I, 1825), B. aculeata (Schepman, 1909) [see be-
low, under Marsupina nana, for change of name from Biplex
pulchra (G. B. Sowerby 11, 18306)], Fusitriton galea Kuroda
& Habe in Habe, 1961; Gyrineum bituberculare (Lamarck,
1816), G. concinnum (Dunker, 1862), G. gyrinum (Linnaeus,
1758), G. hirasei (Kuroda & Habe, 1961), G. lacunatum
(Mighels, 1843), G. longicaudatum Beu, 1998, G. natator
(Réding, 1798), G. pusillum (Broderip, 1833), G. roseum
(Reeve, 1844), G. wilmerianum Preston, 1908; *Halgyrineum
louisae; Ranella australasia (Perry, 1811), *R. olearium (18 spe-
cies, 16 endemic = 89%).

RANELLIDAE, CYMATIINAE: *Charonia lampas, C.
tritonis, Cymatium ranzanii (Bianconi, 1850), Gelagna pal-
lida Parth, 1996, *G. succincta, *Gutturnium muricinum,
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*Linatella caudata, Lotoria armata (G. B. Sowerby 111, 1897),
L. grandimaculata (Reeve, 1844), L. lotoria (Linnaeus, 1758),
L. perryi (Emerson & Old, 1963), *Monoplex aquatilis, *M.
comptus, *M. exaratus, M. gemmatus (Reeve, 1844), M. inter-
medius (Pease, 1869), *M. mundus, *M. nicobaricus, M. norai
Garcia-Talavera & de Vera, 2004, *M. parthenopeus, M. pen-
niketi (Beu, 1998), *M. pilearis, M. thersites (Reeve, 1844),
*M. vespaceus, Ranularia andamanensis (Beu, 1987), R. ar-
thuri (Beu, 1987), R. boschi (Abbott & Lewis, 1970), R. cau-
data (Gmelin, 1791), *R. cynocephalum, R. dunkeri (Lischke,
1868), R. encaustica (Reeve, 1844), R. exilis (Reeve, 1844),
*R. gallinago, R. gutturnia (Roding, 1798), R. monilifera (A.
Adams & Reeve, 1850), R. oblita (Lewis & Beu, 1976), R.
oboesa (Perry, 1811), R. parthi (Arthur, 1991), R. pyrula (A.
Adams & Reeve, 1850), R. pyrum (Linnaeus, 1758), R. sarcos-
toma (Reeve, 1844), R. sinensis (Reeve, 1844), R. springsteeni
(Beu, 1987), R. testudinaria (A. Adams & Reeve, 1850), R. tri-
lineara (Reeve, 1844), R. tripa (Lamarck, 1822), *Reticutriton
pfeifferianus, Septa bibbeyi (Beu, 1987), S. closeli (Beu, 1987),
S. flaveola (Roding, 1798), S. hepatica (Roding, 1798), S.
marerubra (Garcia-Talavera, 1985), S. mixta (Arthur &
Garcia-Talavera, 1990), *S. occidentalis, S. peasei (Beu, 1987),
S. rubecula (Linnaeus, 1758), Turritriton fitthaui (Parth,
1991) (= T tenuiliratus?], * 1. labiosus, * T. tenuiliratus, Sassia
melpangi Harasewych & Beu, 2007, S. midwayensis (Habe &
Okutani, 1968), S. nassariformis (G. B. Sowerby III, 1902),
S. palmeri (Powell, 1967), S. remensa (Iredale, 1936), S. semi-
torta (Kuroda & Habe in Habe, 1961), Cymatiella pumilio
(Hedley, 1903) (66 species, 48 endemic = 73%).

PERSONIDAE: Distorsio anus (Linnaeus, 1758), D.
burgessi Lewis, 1972, D. euconstricta Beu, 1987, D. graceiel-
lae Parth, 1989, D. habei Lewis, 1972, D. kurzi Petuch &
Harasewych, 1980, D. muehlhaeusseri Parth, 1990, D. parvi-
mpedita Beu, 1998, *D. perdistorta, D. reticularis (Linnaeus,
1758), D. somalica Parth, 1990, D. ventricosa Kronenberg,
1994, Distorsionella lewisi (Beu, 1978), D. pseudaphera Beu,
1998, Distorsomina pusilla (Pease, 1861), Personopsis purpu-
rata Beu, 1998, P trigonaperta Beu, 1998 (17 species, 16 en-
demic = 94%).

CASSIDAE: Cassis abbotti Bouchet, 1988, C. cornuta
(Linnaeus, 1758), C. nana Tenison Woods, 1879, C. fim-
briata Quoy & Gaimard, 1833, C. torva (Iredale, 1927),
C. kreipli Morrison, 2003, C. patamakanthini Parth, 2000,
COypraecassis rufa (Linnaeus, 1758), Galeodea alcocki (E. A.
Smith, 19006), G. bituminata (Martin, 1933), G. hoaraui
Drivas & Jay, 1989, G. keyteri (Kilburn, 1975), G. leucodoma
Dall, 1907, G. maccamleyi Ponder, 1983, Microsconsia limpusi
Beu, 2008, *Qocorys grandis Beu, 2008, *O. sulcata Fischer,
1884, *O. verrillii (Dall, 1889), Echinophoria bituberculosa
(Martens, 1901), E. carnosa Kuroda & Habe in Habe, 1961,
E. wyvillei (Watson, 1886), Phalium areola (Linnaeus, 1758),

P bandatum bandatum (Perry, 1811), P bandatum exaratum
(Reeve, 1848), P decussatum (Linnaeus, 1758), P fimbria
(Gmelin, 1791), P flammiferum (Roding, 1798), R glaucum
(Linnaeus, 1758), R muangmani Raybaudi & Prati Musetti,
1995, Casmaria erinaceus (Linnaeus, 1758), C. kalosmodix
Melvill, 1883, C. nipponensis Abbott, 1968, C. perryi (Iredale,
1912), C. ponderosa ponderosa (Gmelin, 1791), C. ponder-
sosa unicolor (Dautzenberg, 1926), Semicassis angasi (Iredale,
1927), S. bisulcata (Schubert & Wagner, 1829), S. bondarevi
Miihlhdusser & Parth, 1993, S. bulla Habe, 1961, S. canali-
culata (Bruguiere, 1792), S. craticulata (Euthyme, 1885), S.
dorae (Kreipl & Miihlhdusser, 1996), S. faurotis (Jousseaume,
1888), S. fernandesi (Kilburn, 1975), S. glabrata (Dunker,
1852), S. inornata (Pilsbry, 1895), S. labiata (Perry, 1811), S.
microstoma (Martens, 1903), S. paucirugis (Menke, 1843), S.
pyrum (Lamarck, 1822), S. royana (Iredale, 1914), Semicassis
n. sp. Beu & Bouchet, in prep., S. sophia (Brazier, 1872), S.
thomsoni (Brazier, 1872), S. umbilicata (Pease, 1861), S. wes-
tralis Kreipl, 1997 (56 species, 53 endemic = 95%).

LAUBIERINIDAE: Akibumia flexibilis Kuroda & Habe,
1959, Akibumia n. sp. B Beu & Bouchet, in prep., *A. ori-
entalis (Schepman, 1909), Pisanianura breviaxis (Kuroda &
Habe in Habe, 1961), *P grimaldii (Dautzenberg, 1889) (=
“Oocorys” donghaiensis Xu, 1989; Beu & Bouchet, in prep.) (5
species, 3 endemic = 60%).

TONNIDAE: *Eudolium bairdii (Verrill & Smith in
Verrill, 1881), *E. crosseanum (Monterosato, 1869), *Malea
pomum (Linnaeus, 1758), Tonna alanbeui Vos, 2005, 1. al-
lium (Dillwyn, 1817), T ampullacea (Philippi, 1845, in
1842-1851), 1. berthae Vos, 2005, 1. boucheti Vos, 2005, 1.
canaliculata (Linnaeus, 1758), T. chinensis (Dillwyn, 1817), T
cumingi (Hanley in Reeve, 1849), 1. deshayesii (Reeve, 1849),
1. dolium (Linnaeus, 1758), T dunkeri (Hanley, 1860), T
hawaiiensis Vos, 2007, T. lischkeana (Kiister, 1857), 1. luteos-
toma (Kister, 1857), T melanostoma (Jay, 1839), T. morrisoni
Vos, 2005, 1. oentoengi Vos, 2005, 1 perdix (Linnaeus, 1758),
1. poppei Vos, 2005, 1. rosemaryae Vos, 1999, T. sulcosa (Born,
1778), T tankervillii (Hanley, 1860) (= cerevisina Hedley,
1919), 1. tenebrosa (Hanley, 1860), 1. tessellata (Lamarck,
1816), T. tetracotula Hedley, 1919, T variegata (Lamarck,
1822), 1" zonata (Green, 1830) (30 species, 27 endemic =
90%; total tropical IWP Tonnoidea = 235 species, 203 en-
demic = 86%).

B10GEOGRAPHICAL ELEMENTS
IN THE TROPICAL AMERICAN FAUNA
A useful approach to the study of tropical American ton-
noidean biogeography is to classify species by their biogeo-
graphical ranges established in the taxonomic section below.
Although the Recent Cassidae and Tonnidae of the region are
not revised in detail in this monograph, they are listed here to
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help understand the biogeographical origins of the Neogene
fossils.

1. Species now extinct in the region (i.c., known only as
fossils): These usefully can be classified further into:

(a) Apparently ancestral to living species (with the apparent
descendent listed after each): Marsupina judensis (M. nana),
Distorsio jungi (D. decussata, and/or D. simillima), Cymatium
praefemorale (C. femorale and/or C. raderi), Monoplex cercadi-
cus (M. wiegmanni), M. gurabonicus (M. comptus), Reticutriton
carlottae (2 = R. pfeifferianus), R. elsmerensis (R. lineatus),
Turritriton domingensis (1. labiosus), Cassis altispira (C. norai),
C. floridensis (C. madagascariensis), C. sulcifera (C. tuberosa),
Dalium dalli, D. ecuadorianum (a lineage leading up to D.
solidum), Semicassis reclusa (S. granulata), Malea camura (M.
pomum); and

(b) Completely extinct species groups: Bursa ampbhitrites,
B. chipolana, Marsupina freya, M. strongi, Distorsio biangulata,
D. floridana, Monoplex jackwinorum, M. panamensis, M. rit-
teri, Septa landaui, all Sassia and Cymatiella species other than
S. lewisi and S. kampyla, Cassis costulifera (possibly ancestral to
C. flammea, unclear), C. ketteri, Galeodea aft. echinophora (sta-
tus unclear), Sconsia laevigata, Semicassis aldrichi, Eudolium
subfasciatum, and all Malea species other than M. ringens and
M. pomum. Monoplex chlorostomoides, M. infelix and M. wil-
liamsi are too poorly known to be interpreted.

2. Cosmopolitan, in all warm-temperate and tropical seas:
The only true tonnoidean member of this class appears to be
Turritriton labiosus, although even this species is rare in the
eastern Pacific and eastern Atlantic and has not been recorded
from the Mediterranean Sea.

3. Species occurring widely in the Indo-West Pacific and
in both the eastern and western Atlantic; some of these (with
an asterisk) occur also rarely (i.e., as pseudopopulations re-
cruited from the western Pacific) in the eastern Pacific: *Bursa
granularis, B. rhodostoma, Distorsio perdistorta, Halgyrineum
louisae, *Gelagna succincta, *Gutturnium muricinum, Linatella
caudata, *Monoplex aquatilis, M. comptus, *M. mundus (not
recorded from the eastern Atlantic), M. nicobaricus, M. vespa-
ceus (not recorded from the eastern Atlantic), Reticutriton
pféifferianus, Septa occidentalis, Qocorys sulcata, O. verrilli,
Eudolium bairdii, and E. crosseanum. An interesting subgroup
of the above is species occurring in both the eastern and west-
ern Atlantic, as well as the Mediterranean, but in the Indo-
West Pacific area occurring only in the Southern Ocean, and
only rarely straggling into the tropics: Ranella olearium and
Charonia lampas (the latter occurs in Japan-Taiwan as well).

4. Species occurring in the eastern Pacific and in both the
eastern and western Atlantic, but 7oz in the Indo-West Pacific:
Bursa corrugata only.

5. Species occurring in the eastern Pacific and western
Atlantic, but zotin the eastern Atlantic or Indo-West Pacific, i.e.,

limited to the broader tropical American region: Echinophoria
hadra, alone, in the Recent fauna. Taking fossil records into
account: Bursa rugosa (fossil only, in the Caribbean), Distorsio
clathrata (fossil only, in the eastern Pacific), Monoplex lignarius
(fossil only, in the Caribbean), M. panamensis (extinct), Cassis
altispira (extinct; apparently ancestral to the living Cape Verde
Islands (and southern Caribbean?) endemic species C. norai),
and Malea ringens (fossil only, in the Caribbean).

6. Indo-West Pacific species that extend their ranges to
the eastern Pacific, but do no¢ occur in the Atlantic: Bursa
asperrima only. The collection of a single living specimen of
Charonia tritonis in Brazil (see below) removes this species
from this category.

7. Species occurring in the western Atlantic (and, in most
cases, the eastern Atlantic) and in the Indian Ocean, but noz#
in the western Pacific: Bursa ranelloides (has disjunct popu-
lations also in southern Japan and the Hawaiian Islands),
Ranularia cynocephalum, and R. gallinago; a subgroup of these
consists only of Ranella gemmifera, which occurs in the west-
ern Atlantic and South Africa, but as yet has not been re-
corded from the eastern Atlantic.

8. A special case of the previous class is the antitropical
or “Pacific fringe” species, which occur in the Atlantic and
Indian Oceans, and around the Pacific fringes, but only rarely
straggle to (i.e., apparently are out-competed in) the tropical
western Pacific: Charonia lampas, Monoplex exaratus, and M.
parthenopeus.

9. Eastern and western Atlantic species, not occurring in
either the eastern Pacific or the Indo-West Pacific: Personopsis
grasi, Charonia variegata, Cymatium femorale, Monoplex krebsii,
Sassia lewisi, Cassis tuberosa, Cypraecassis testiculus, and possi-
bly Cassis norai. Of this group, only Charonia variegata, Sassia
lewisi, Cassis tuberosa, and Cypraecassis testiculus are common
and apparently have established breeding populations in the
eastern Adantic. Cymatium femorale and Monoplex krebsii are
rare in the eastern Atlantic and probably exist there only as
pseudopopulations, i.e., they arrive in the area as planktonic
larvae that survive and grow, in some cases to adulthood, but
do not breed. Taking fossils into account, Bursa scrobilator
and Aspa marginata also fall into this category, having been
transported in the opposite direction during Late Pliocene-
earliest Pleistocene time.

10. Species restricted to Atlantic islands and seamounts:
A final very minor group, but of unusual interest in view of
the long larval lives of most tonnoideans, and the implica-
tion that these species must formerly have had long larval lives
to enable them to reach their isolated islands, but have since
changed their larval dispersal ability: Monoplex turtoni and
Sassia philomelae. Note, though, that this does not refer to the
eastern Atlantic islands, including the Cape Verde, Canary,
and Selvagem islands and Madeira, because many western
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Atlantic tonnoideans that reach the eastern Atlantic occur
only at these offshore islands, and not on the West African
mainland coast (Le Loeuff & Cosel, 1998): Bursa granularis,
B. rhodostoma, Cymatium ﬁmomle, Gutturnium muricinum,
Linatella caudata, Monoplex aquatilis, M. comptus, M. krebsii,
M. nicobaricus, M. pilearis, Ranularia cynocephalum, Septa oc-
cidentalis, Turritriton labiosus, Sassia lewisi, Cassis norai, and
C. tuberosa.

11. Geminate species pairs, in which one species occurs
on each coast of tropical America, in many (but by no means
all) cases as a result of speciation following the uplift of the
Isthmus of Panama (in all cases the Atlantic species is listed
first):

(a) Still living pairs: Marsupina bufo, M. nana; Distorsio
megintyi, D. constricta; Cymatium femorale, C. tigrinum;
Monaoplex krebsii, M. amictus; M. pilearis, M. macrodon; M.
parthenopeus, M. keenae; and Semicassis granulata, S. cen-
tiquadrata. Only one cassid and no tonnids belong in this
group.

Of these pairs, it is important to note that the only true
geminate pairs, in the sense of having speciated as result of
subdivision of their population by the uplift of the CAI sup-
ported by hard evidence in the form of dates of fossils on the
two coasts of tropical America, are Monoplex parthenopeus and
M. keenae, and M. pilearis and M. macrodon. In both cases,
the differences between the taxa on the two coasts are subtle
enough that their status is debated; genetic studies are needed
to be sure whether the two forms are species, subspecies, or
the differences in shell characters are insignificant. Genetic
studies are also required to be able to tell whether Bursa corru-
gata falls within this category; the shells from the two coasts of
tropical America appear to be indistinguishable, but a genetic
separation would not be surprising. The fossil record and the
subtle differences between the segregated forms indicate that
these examples result directly from uplift of the CAI segre-
gating them during earliest Pleistocene time, supporting my
contention that final separation of planktotrophic mollusks
on the two coasts of tropical America by uplift of the CAI oc-
curred at about 2 Ma. These are the rea/ differences resulting
from final separation of the oceans by the uplift of the CAI. I
contend that the other, more marked differences between taxa
in the western Atlantic and eastern Pacific likely result from
carlier genetic separation as a result of a filter barrier operating
in the seaway as constriction commenced and islands rose and
fell, after about 15 Ma.

A more complex scenario for the Monoplex parthenopeus
species group is required to explain the presence of M. vestitus
in the eastern Pacific. This species apparently resulted from an
carlier (Pliocene) segregation of the M. parthenopeus popu-
lation to produce an eastern Pacific isolate, and subsequent
allopatric speciation to produce M. vestitus. This complex of

species therefore seems to reflect a complex history of con-
striction and closure of the CAI.

(b) Pairs in which one member is extinct: Monoplex cer-
cadicus (Dominican Republic, extinct), M. wiegmanni;
Dalium solidum, D. ecuadorianum (Ecuador, extinct); pos-
sibly includes Reticutriton pfeifferianus (R. carlottae, Brazil,
extinct?; possibly simply a synonym), R. lineatus, Galdpagos;
and Cypraecassis chipolana (Florida, extinct), C. wilmae. These
all result from apparently earlier speciation events before clo-
sure of the CAIL

(c) Three chains of species that appear to have origi-
nated from a single species with a formerly eastern Pacific
to Mediterranean distribution (z.e., a similar distribution to
that of the living Bursa corrugata) or an Indo-West Pacific—
Atlantic distribution (i.e., originally Tethyan?): (a) Monoplex
corrugatus (West Africa and Mediterranean), M. krebsii (east-
ern and western Atlantic), and M. amictus (eastern Pacific);
(b) Charonia seguenzae (eastern Mediterranean), C. variegata
(common in western Atlantic, rare in eastern Atlantic), and C.
tritonis (Indo-West Pacific); and (c) Turritriton gibbosus (east-
ern Pacific; western Atlantic — first western Atlantic record
confirmed here), 7. kobelti (West Africa and Mediterranean);
apparently also includes 7 grundensis (Miocene, north-central
Europe).

12. Adantic-Indo-West Pacific geminate pairs: Another
category of geminate species pairs that provides some useful
biogeographical information is those Atlantic species that have
a closely similar, but apparently specifically distinct, relative in
the Indo-West Pacific fauna. The only such pairs evident at
present are: Tonna pennata (western Atlantic) and 7. perdix
(Indo-West Pacific); Tonna galea (Atantic-Mediterranean)
and 7. zonata (Green, 1830) (Indo-West Pacific); and Bursa
natalensis (western Atlantic) and B. latitudo (Garrad, 1961)
(Indo-West Pacific). Presumably these species pairs resulted
from fragmentation of an originally single species, just as do
the pairs listed above. It appears, though, that most species
with such a distribution have remained undivided. Fudolium
crosseanum (Atlantic-Mediterranean) and E. pyriforme (Indo-
West Pacific) (again, Tonnidae) formerly were considered to
be another such pair (Marshall, 1992), but Vos (2007) con-
sidered these two forms to be conspecific.

Paciphile and Atlantiphile Taxa

Woodring (1928, 1966) initiated a new way of thinking about
tropical American molluscan biogeography when he classified
taxa as either paciphile or atlantiphile. Those species that oc-
cur only in the greater tropical American region usefully can
reveal distributional changes through time by being classified
as either paciphile or atlantiphile, where relevant — ie., this
classification clearly applies only to those species that have
changed their distributions with time.
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(1) Paciphile taxa; those taxa that have changed from an
almost entirely western Atlantic fossil distribution to an al-
most entirely eastern Pacific distribution at present: Bursa ru-
gosa; Monaoplex lignarius; most notably, Malea, which has a
long, diverse record in the western Adlantic, but the only com-
mon species live in the eastern Pacific (M. ringens) and west-
ern Pacific (M. pomum); although this example is weakened
by the recognition of M. pomum living off of northern Brazil.
The species group of Distorsio decussata also might be classi-
fied here, because its earliest representative is D. jungi n. sp. in
the late Early Miocene Cantaure Fm of Venezuela. The large,
widespread Caribbean-Panamic fossil species D. simillima also
belongs in this group, whereas D. decussata, the single living
member, is limited to the eastern Pacific at present. However,
this example, also, is weakened by the Oligocene-Miocene oc-
currence of D. ringens, a member of the D. decussata species
group, along the Pacific coasts of Chile and Peru.

Other taxa were classified as paciphile by Woodring (1966)
in a wider sense, i.e., those with any former occurrence in the
Atlantic that are now limited to the eastern Pacific. Several
other tonnoideans (Distorsio decussata, Crossata ventricosa, and
Monoplex wiegmanni) would then be included among paci-
phile taxa.

(2) Adantiphile taxa; those taxa that have changed from
an almost entirely eastern Pacific fossil distribution to an al-
most entirely western Atlantic distribution at present: Dalium
appears to be the only tonnoidean example (fossil in Chile,
Dalium n. sp.?; in Mexico and the Dominican Republic,
D. dalli; in Ecuador, D. ecuadorianums; and living in the
Caribbean, D. solidum), and this is greatly weakened by the
outer shelf to bathyal habitat of Dalium, and its consequent
rarity as a fossil. In any case, Dalium seems to be better under-
stood as an example of a formerly pan-American genus that
has been reduced to an Atlantic distribution as a result of ex-
tinction in the eastern Pacific. Clearly, atlantiphile taxa form
a negligible group among tonnoideans, as they do among all
mollusks (Woodring, 1966: table 5). In the more limited sense
used by Woodring (1966), having any former occurrence in
the eastern Pacific, this category includes Distorsio clathrata,
Linatella caudata, Cassis, and Sconsia.

Comparison of Time Ranges
on the Two Sides of Tropical America
Text-figs 5-6 show time ranges of tonnoideans on the two
coasts of tropical America. Ranges have been distinguished on
the two coasts for taxa that occur on both. The point made
most clearly by Text-figs 5-6 is the very much poorer fossil

record in the eastern Pacific than in the western Adantic. A
simple count of taxa provides the most obvious comparison:
108 listed in the western Adlantic figure (Text-fig. 5) and 42
in the eastern Pacific (Text-fig. 6). (A few species of Recent
Cassidae are not listed in both: Echinophoria coronadoi,
Casmaria atlantica, three Oocorys species, two Eucorys species,
and Dalium solidum in the western Adantic; Echinophoria
pilsbryi, Casmaria vibexmexicana, and three Oocorys species in
the eastern Pacific; see lists above. None of these has any fossil
record). The relative paucity of fossil localities and of tonnoid-
eans at them in the eastern Pacific means that biotic change,
whether caused by environmental (e.g., temperature) change
or by closure of the CAI, will always be much less well record-
ed than would be ideal. However, some time ranges that differ
on the two coasts provide a little more information on the
closure of the CAL For example, Sconsia grayi appeared briefly
in the eastern Pacific fossil record (Text-fig. 6, line 4) during
Late Miocene time, when the CAI remained widely open in
all reconstructions. It appeared at about the same time in the
western Atlantic (Text-fig. 5, line 17), although of course last-
ing much longer as the eastern Pacific population rapidly was
extinguished again, whereas S. grayi still survives in the west-
ern Atlantic. A similar history is shown in reverse by Distorsio
decussata, which appeared during Middle Miocene time on
both coasts, but this paciphile species lasted as an abundant el-
ement of the fauna of Atlantic Panama until almost the end of
Pliocene time. Distorsio clathrata had a surprisingly contrast-
ing history, with an earlier appearance in the eastern Pacific
(Middle Miocene; Text-fig. 6, line 2) than in the Atantic
(Late Miocene; Text-fig. 5, line 17; although few specimens
are known older than Early Pliocene), but it remains an abun-
dant species in the Atlantic living fauna. A still more dramatic
case of reversal of provinces is shown by Monoplex lignarius,
which is recorded in Late Miocene and Early Pliocene rocks
in the western Atlantic region (Text-fig. 5, line 15), but has no
fossil record whatever in its present range, the eastern Pacific
(Text-fig. 6, also line 15). However, this type of record likely
results from the previously mentioned poor fossil record in
the eastern Pacific, where many or perhaps all species have
inaccurately recorded time ranges. The contrasting ranges of
Linatella caudata (Text-fig. 5, line 14; Text-fig. 6, line 6) on
the two coasts seem to be particularly significant for under-
standing closure of the CAI. As stated above, L. caudata is re-
corded in eastern Pacific rocks only during Late Miocene and
Early Pleistocene time, whereas it has a continuous Middle
Miocene to Recent record in the western Atlantic. This im-
plies that at least a few planktotrophic larvae could be trans-

Text-fig. 5 (at right). Time ranges of tropical tonnoideans in the western Atlantic. Taxa are arranged in order of their first and then their last ap-
pearances, and show actual time ranges within the province regardless of later history, 7.c., Atlantic ranges are shown for taxa occurring coevally

or at other times in the eastern Pacific.
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Text-fig. 6. Time ranges of tropical tonnoideans in the eastern Pacific, compiled as in Text-fig. 5, i.e., eastern Pacific ranges are shown of taxa

occurring coevally or at other times in the Atlantic.

ported through the CAI during Early Pleistocene time. If this
inferred history is correct, the date of final uplift of the CAI
above sea level was 1.8 Ma or later.

Despite the poorer eastern Pacific than western Atlantic
fossil record, the lowest lists (Text-fig. 5, line 26; Text-fig. 6,
line 15) each include three species that have no fossil record
in the area. The western Atlantic record includes Cymatium
raderi, Ranularia rehderi, and Sassia lewisi, all of which occur
nowhere else and must have evolved in the western Atlantic.
The eastern Pacific list also includes three species (Monoplex
lignarius, M. macrodon, and Cypraecassis tenuis) that are lim-
ited to this fauna at present. However, in this case, all three
eastern Pacific species have either a possible (C. tenuis) or a
definite (M. lignarius) earlier record in the western Atlantic,
or have evolved as a sister species of a western Atlantic conge-
ner after uplift of the CAI (M. macrodon, from M. pilearis).
The other restricted eastern Pacific species that seems clearly
to have evolved as a sister species of an Atlantic one after up-

lift of the CAI (Monoplex keenae, Text-fig. 6, line 12; from
M. parthenopeus) has a Pleistocene fossil record in the eastern
Pacific.

Text-figs 5-6 also display clearly the possible earlier sister
species relationships, discussed above, that have developed as
the CAI gradually narrowed and shallowed. Distorsio constric-
ta (Text-fig. 6, line 7) must, at some level, be a sister species of
the western Adantic species D. mcgintyi. Distorsio constricta is
known from Late Miocene time onward, although a rare fossil,
in the eastern Pacific. Distorsio megintyi is recorded earliest in
the late Early Miocene Cantaure shellbed in Venezuela (Text-
fig. 5, line 9). Monoplex wiegmanni has an identical history in
the eastern Pacific to that of D. constricta, and is hypothesized
elsewhere here to have evolved from the western Atantic spe-
cies M. cercadicus (Text-fig. 5, line 5), which has a record from
early Late Miocene to Early Pliocene time. Cypraecassis chipo-
lana (Text-fig. 5, line 2) is similarly hypothesized to be the
ancestor of the eastern Pacific species C. wilmae (Text-fig. 6,
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line 14), and it seems feasible that C. cantaurana (Texc-fig. 5,
line 2) was ancestral to the eastern Pacific species C. tenuis,
although there is no definite fossil record of the latter spe-
cies (Text-fig. 6, line 15). Another relatively long-separated
species pair consists of the eastern Pacific species Semicassis
centiquadrata (Text-fig. 6, line 7) and the western Atlantic
species S. granulata (Text-fig. 5, line 14), both recorded from
Late Miocene (S. centiquadrata) or Middle Miocene time on-
ward, and both still living on their respective coasts of tropical
America. A slightly more complex history seems to be recorded
by Dalium species, because the Atlantic species D. dalli (Text-
fig. 5, line 12) has a Middle Miocene to Early Pliocene record.
It also occurs in Miocene rocks in the Isthmus of Tehuantepec,
Veracruz, Mexico, and a closely similar species occurs in Early
Miocene rocks of south-central Chile. The living species, D.
solidum, occurs only in the southern Caribbean Sea and West
Indies, whereas the eastern Pacific species D. ecuadorianum
(Text-fig. 6, line 8) is limited to Early Pliocene bathyal rocks
in northern Ecuador — although this must be one of several
records of bathyal taxa that are rendered particularly obscure
by the exceedingly poor fossil record of bathyal mollusks in
tropical America. A formerly widely distributed genus ap-
parently has been reduced to a western Atlantic range at the
present time by extinction in the eastern Pacific after closure
of the CAI The only other eastern Pacific species that seem
likely to have a sister-species relationship with Atlantic species
are both seen in Text-fig. 6, line 10, 7.e., first recorded in Early
Pliocene rocks: Monoplex amictus and M. vesitius. Again as
noted above, M. amictus seems clearly to have evolved from
the western Atlantic species M. krebsii (Text-fig. 5, line 9)
and the eastern Adantic-Mediterranean species M. corrugatus
(Lamarck, 1822), whereas M. vestitus likely evolved from an
carly population of M. parthenopeus segregated in the eastern
Pacific before Early Pliocene time. All of these presumed spe-
cies pairs provide evidence of a filter barrier operating in the
CAI during late Early Miocene to Early Pliocene time, and
disclose nothing about the time of final closure of the CAI.

SOME WIDER BIOGEOGRAPHICAL
IMPLICATIONS

SPECIATION AND WIDTH OF RANGES
'The first obvious conclusion from the above lists and discus-
sion is that, even among such a supposedly wide-ranging
group as the tonnoideans, no species are restricted at present
to both the eastern Pacific and western Atlantic, only. The
few other species that still occur in both of these provinces
also occur more widely, although nearly all those that occur in
the eastern Pacific are pseudopopulations recruited from the
western Pacific as planktotrophic larvae. The clear implication
is that disruption of their geographical ranges by the uplift of

the Isthmus of Panama caused either speciation or withdrawal
to the eastern Pacific (i.e., extinction in the Atlantic) in a//
of the relatively narrowly distributed tropical American ton-
noideans.

The one exception to this rule is Bursa corrugata, which
appears to have remained as one, undivided species through-
out the eastern Pacific and the eastern and western Atlantic
— at least, the shells of these populations do not seem to me
to be separable consistently. Even in this example, though,
West African and central Atlantic island specimens (form or
subspecies pustulosa Reeve, 1844) have fewer, larger peripheral
nodules than eastern Pacific and western Atlantic specimens,
although, intriguingly, the European Miocene fossils referred
to under B. corrugata are more similar to eastern Pacific and
western Atlantic specimens than they are to Recent eastern
Atlantic ones. It is easy to see how the western Atlantic popu-
lation could remain unmodified after the closure of Panama,
through the influx of West African genes as planktotrophic lar-
vae. However, a unique situation appears to be demonstrated
by the eastern Pacific population. This is the only tonnoidean
taxon [ am aware of that has been subdivided by the closure of
the Panama seaway to leave a restricted eastern Pacific popula-
tion, with no possible genetic influx from the western Pacific
(because there is no fossil or Recent record of B. corrugata in
the Indo-West Pacific), in which the eastern Pacific popula-
tion apparently has not undergone genetic modification since
the closure of the seaway. The only possible explanation for
this situation seems to be that the eastern Pacific gene pool
was large enough to prevent allopatric speciation.

Of course, the definition of “species” is critical to this con-
cept. Here being classified in one species merely implies that
specimens are morphologically indistinguishable to me; no
molecular study has been carried out on these taxa as yet. The
level of distinction between what are here classified as spe-
cies varies through a wide spectrum, perhaps best examplified
by the Monoplex parthenopeus “complex.” Monoplex parthe-
nopeus is the name used here for the population inhabiting the
Mediterranean Sea, the eastern and western Atlantic, South
Africa and perhaps all of East Africa, the Red Sea and Gulf of
Arabia, New Zealand and southern Australia to the Kermadec
Islands and (rarely) New Caledonia, (rarely) Hawaii, and com-
monly again in Taiwan to central Japan. The name C. keenae
is used here for a weakly distinct population in the eastern
Pacific, from the Galdpagos Islands and the Gulf of California
to Peru, with more numerous spiral cords and axial ridges —
one-and-a-half times as many as in M. parthenopeus. Some
authors prefer to regard M. keenae as at most a subspecies of
M. parthenopeus, although it must be admitted that genetic
exchange between the Atlantic and eastern Pacific populations
is no longer possible. The presumption is that M. keenae has
evolved through a founder event and genetic bottleneck af-
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fecting the eastern Pacific population of M. parthenopeus (al-
lopatric speciation) since the final closure of the CAIL. A much
stronger distinction is recognized by all malacologists between
the widespread M. parthenopeus and the eastern Pacific spe-
cies M. vestitus, although the similarities between these species
are close enough to suggest that M. vestitus evolved from an
earlier (presumably Miocene) allopatric speciation event af-
fecting an earlier population of M. parthenopeus in the eastern
Pacific [e.g., it is suggested below that C. B. Adams’ (1852)
name M. vestitus senior was based on specimens of M. keenae].
The fossils of these two species reported below support this
interpretation, because the earliest fossil record of M. keenae is
Pleistocene, whereas the earliest record of M. vestitus is from
the Early Pliocene Onzole Fm of Ecuador.

The major biogeographical conclusion is the unsurpris-
ing one that a wide geographical range confers resistence to
the type of genetic bottleneck that presumably brought about
allopatric speciation in subdivided tropical American popu-
lations. Widely dispersed planktotrophic larvae of the more
widely distributed species presumably continued to arrive in
the populations on both sides of Panama, preventing genetic
bottlenecks.

GEOLOGICALLY RECENT EXTINCTION
Some idea of Neogene extinction in the region is provided
visually by Text-figs 5-6. Another is provided by the propor-
tions of the various biogeographical elements in the living
tonnoidean faunas of the four major biogeographical regions,
which for the faunas listed above are shown in Table 5A. Table
5B also lists similarity indices between them, calculated in the
same way as outlined above for tropical American Neogene
tonnoidean faunas. “Shared” in Table 5 implies planktotrophic
taxa recruited as larvae from the nearest fauna across the ocean.
The area considered here that stands out, from the point of
view of tonnoideans, as having a highly endemic living fau-
na (apart from the huge Indo-West Pacific fauna, in which
many local endemics are subsumed in one list) is therefore the
tropical eastern Pacific. All common mainland species in the
eastern Pacific, other than the rare western Pacific stragglers
(eight species; Emerson,1991) and Bursa corrugata, are en-
demic. In contrast, nearly half (43%) of the western Atlantic
fauna is shared with the tropical Indo-West Pacific — i.c., these
two areas have a substantially intact mid-Cenozoic (Tethyan)
fauna — with moderate endemism (37%), and most of the rest
of the fauna shared with West Africa-Mediterranean (50%).
The western Atlantic fauna has been affected by a moderate
amount of extinction and speciation since the uplift of the
CALl, although Jackson ez al. (2003) were at pains to point out
that molluscan diversity in the western Atantic has increased
markedly through late Neogene time, rather than decreased
as previous studies had suggested. But the great distinction

of the eastern Pacific fauna must result from a much greater
influence of both extinction and speciation (following the clo-
sure of the CAI) than in the western Atlantic, combined with
the extinction of many formerly pan-tropical American taxa
in the western Atlantic and their consequent restriction to the
eastern Pacific, and with a lack of the type of immigration
of breeding elements from the Indo-West Pacific that has oc-
curred during Pleistocene-Recent time in the Adlantic.

Similarity indices (Table 5B) support the main conclusions
arrived at from species-by-species comparisons. Again, there is
some evidence of bias by small sample size in Simpson’s in-
dex and the other indices are considered to be more reliable.
Clearly, much the most similar Recent tonnoidean faunas,
whatever index is used, are those of the eastern and western
Atlantic. The western Atlantic and Indo-West Pacific faunas are
also quite similar, the eastern Atlantic and Indo-West Pacific
less so. Rather surprisingly, the eastern and western Atlantic
faunas are almost equally similar to the eastern Pacific fauna.
The lowest similarity is between the eastern Pacific and the
Indo-West Pacific, highlighting the effectiveness of the eastern
Pacific filter barrier, which apparently affects long-lived plank-
totrophic tonnoideans almost as much as other mollusks.

The castern Pacific barrier evidently has been quite effec-
tive at preventing transport of larvae to the eastern Pacific
since the CAI closed, i.e., since Early Pleistocene time,
whereas the high similarity between the western Atlantic and
Indo-West Pacific faunas demonstrates that the Agulhas leak-
age (see “Transport from the Indian to the Atlantic Ocean,”
below) has allowed substantial transport of larvae from the
Indian Ocean to the Atlantic over this same period. The main
point about the eastern Pacific barrier for biogeography is that
it prevents the transport of molluscan larvae to the eastern
Pacific in numbers sufficient to establish a breeding popula-
tion, whereas larvae are transported around South Africa in
sufficient numbers for many species to establish breeding
populations in the western Atlantic. The eastern Pacific barrier
evidently began to affect molluscan faunas as soon as current
flow through the Central American Seaway became restricted,
apparently during Middle to Late Miocene time (Collins ez
al., 1996; Beu, 2001). It seems to have operated during much
of the period of gradual seaway closure, ic., for the last 3-8
million years, and perhaps for 12-15 million years. Therefore,
species that became isolated in the eastern Pacific, through
seaway constriction and eventual closure, mostly remain as
remnants of their original pan-tropical American population,
although others (e.g., Monoplex vestitus) have evolved into
eastern Pacific daughter species. In contrast, western Atlantic
populations of the same species mostly became extinct. As
noted above, the single exception evident in the present work,
other than rare stragglers (non-breeding pseudopopulations)
from the tropical western Pacific, is Bursa corrugata.
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Table 5. (A) Numbers of species and the percentages of biogeographical elements in
living tonnoidean faunas. (B) Similarity indices of the living tonnoidean faunas listed in
Table 5A, in order from highest to lowest similarity of Jaccard’s and Dice’s indices.

vided a widely open connection between the
Atlantic and Pacific Oceans until recently,
when such genera as Cassis and Charonia
were diverse in both the Atantic and the

(4) E Pacific WAtlantic | W Africa-Med | I-W Pacific Indo-West Pacific throughout Cenozoic time,
Towal species 58 08 o1 235 and still are at present, and yet do not occur
Restricted 24 (63%) | 25 (37%) 14 (27%) 203 (86%) _ present, and y: )
Shared with W Africa 5 (13%) 34 (50%) - 24 (10%) in the eastern Pacific. However, Cypraecassis
Shared with E Pacific B 6 (9%) 5 (10%) 8 (3%) was formerly more diverse than it is now in
Shared with W Alantic 8 (21%) - 34 (67%) 29 (12%) both the western Atlantic and the Indo-West
Shared with I-W Pacific | 8 (21%) 29 (43%) 24 (47%) - Pacific, and its currently high diversity in the
eastern Pacific (three species) is relict from a
(B) Jaccard Simpson Dice more widespread pattern of higher diversity
E Adantic: W Adantic 0.4 0.666 0.444 during Miocene time. Similarly, the present
WAdanfiC: W Pafiﬁc 0.106 0.426 0.191 distribution of Malea species is clearly relict,
£ Atlan“?: W Pa_aﬁc 0.084 0.471 0.15 with the greatest diversity formerly occurring
W Atlantic: E Pacific 0.057 0.158 0.107 . .
E Adarric: E Pacific 0.056 0.132 0112 in the western Adlantic. It appears that some
E Pacific: I-W Pacific 0.03 0211 0.059 genera empirically have a low dispersibility,

GEOGRAPHICAL RESTRICTION OF GENERA
One rather surprising aspect of the faunal lists (above) is
the restriction of some genera to particular faunal provinc-
es. Bufonaria, Bursina, Tutufa, Biplex, Gyrinewm, Lotoria,
Distorsionella, Distorsomina, and Phalium apparently always
have been limited to the Indo-West Pacific province (although,
as noted in the Introduction, one specimen of Lotoria lotoria
has been collected alive in Brazil). Cymatiella is limited to
southern and eastern Australia at present, but the fossil record
demonstrates a history of gradual migration from the Paris
Basin (during Eocene time) via tropical America, document-
ed here, and Indonesia (Beu, 2005: 104, figs 270-280; both
Miocene) to Australia, where it is first recorded in Miocene
rocks — presumably implying a formerly wide Tethyan dis-
tribution and gradual restriction to southern Australia.
Similarly, Eucorys is restricted to the western Atlantic, and
Sconsia is largely so [the two Indonesian Miocene species were
reviewed by me (Beu, 2005), and a few Miocene-Pliocene oc-
currences in Darien and Ecuador are recorded below; Sconsia
also has a long fossil record in Paleogene rocks of what is now
Europe]. There is also no record of Charonia, Tonna, or any
bursid genera other than Bursa, Crossata, and Marsupina ever
occurring in the eastern Pacific (apart from rare non-breeding
stragglers of Charonia tritonis at the present day; three speci-
mens recorded). Cassis also has been at most a rare straggler in
the eastern Pacific, as pseudopopulations recruited from the
Atlantic, throughout its history. Crossaza is an entirely east-
ern Pacific genus, perhaps descended from Olequahia Stewart,
1926 (type species Cassidaria washingtoniana Weaver, 1912,
Eocene, Washington State; Beu, 1988: 74, pl. 1, figs 1-9) and
it is feasible that Crossata and Olequahia are one clade. These
generic restrictions seems strange if the eastern Pacific pro-

and have remained “fixed” in limited areas
for long periods, whereas other genera have
much higher dispersibility, and others again give a false im-
pression as a result of a high rate of extinction in some areas.

LARVAL TRANSPORT FROM THE INDIAN
TO THE ATLANTIC OCEAN

Why should the eastern Pacific have been singled out so sharp-
ly by high endemism and relatively low diversity, when there
is clear evidence still at present (Emerson, 1991) of occasional
transport of larvae across the eastern Pacific barrier? The West
African-Mediterranean tonnoidean fauna, not considered to
any great degree in the present report, has a moderately high
proportion of restricted taxa (27%) and a proportion shared
with the Indo-West Pacific that is slightly higher (47%) than
in the western Atlantic fauna (43%). These two faunas stand
out across the tropical realm as having > 40% of taxa in com-
mon with the tropical Indo-West Pacific. This implies that
they have been able to establish genetic continuity with the
Indo-West Pacific fauna after the pan-tropical American spe-
cies became extinct in the Adantic. The only way in which it
seems possible for this to take place is by larval transport, in
both directions, between the Indian Ocean and the Atlantic
via South Africa. Species that demonstrate conclusively that at
least some larval transport takes place westward around South
Africa include Bursa ranelloides, Ranularia cynocephalum and
R. gallinago, all of which occur in the Indian Ocean but not
in the tropical western Pacific. If genetic exchange still occurs
between the Indian Ocean and Atlantic populations of these
three species, a westward route around southern Africa is the
only possible one for transport of their larvae, despite the ap-
parently dominant eastward transport around South Africa at
present in the Antarctic Circumpolar Current.

Biogeographical evidence strengthening the significance
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of westward larval transport around Africa is provided by
the numerous species that are among the most common ton-
noideans today in both the Indo-West Pacific and Atlantic
faunas, but have no fossil record in the western Atlantic until
Pleistocene time — if any fossil record there at all: Bursa granu-
laris, B. ranelloides, Distorsio perdistorta, Gutturnium murici-
num, Monoplex comptus, M. mundus, M. nicobaricus, and
Ranularia cynocephalum. Another group of species consists of
less common stragglers (apparently pseudopopulations) that
also can have entered the Atlantic only from the Indian Ocean:
Charonia tritonis (one western Adantic record), Gelagna suc-
cincta, Monoplex exaratus (one western Atlantic record), M.
vespaceus, Reticutriton pfeifferianus, Ranularia gallinago, and
Malea pomum. This list also possibly includes Lozoria lotoria,
for which the single Atantic record is unconfirmed. All of
these species are absent, or occur only as rare members of pseu-
dopopulations recruited from outside the region, in both the
eastern Atlantic and the eastern Pacific. A few other taxa are
represented in the western Atlantic by uncommon specimens
indistinguishable from those living around South Africa at
present (particularly Charonia lampas and Ranella gemmifera),
again supporting a westward transport direction of larvae to
Brazil. The only apparent explanation for the distribution of
all of these species is larval dispersal into the Atlantic from
South Africa during Pleistocene time and at present (see also
Vermeij & Rosenberg, 1993: 182-184). The existence of the
Agulhas leakage around southern Africa, a current allowing
larvae to be dispersed from the Indian Ocean to the Atlantic,
was described by Borowski (2003: 9), citing earlier descrip-
tions and reviews by De Ruijter ez /. (1999), Gordon (1985,
1986, 1996), and Gordon ez 4l (1992). De Ruiter et al.
(2006) recently updated knowledge of this leakage, which oc-
curs as westward-moving subsurface rings from eddies in the
Mozambique Channel and south of Madagascar transported
into the southern Adantic Ocean. The Agulhas leakage also
explains the size, shape, and color cline in the distribution of
Monoplex pilearis, in which specimens from the southwestern
Indian Ocean (Madagascar and Mozambique to Durban) are
most similar to the western Atlantic population, although the
fossil evidence reported here indicates that M. pilearis has oc-
curred in the western Adantic since at least late Early Miocene
time (Baitoa Fm of the Dominican Republic).

Species that have no fossil record at all are more difficult to
interpret. Were they absent until recently (i.e., do they belong
in the group of species that expanded their ranges recently
from the Indian Ocean?) or do they just inhabit an environ-
ment that is poorly represented in the fossil record? The an-
swer probably is “both.” Some of them (e.g., Ranularia rehderi,
Sconsia alexarthuri, and Echinophoria coronadoi) are distinc-
tive, endemic western Atlantic species that cannot have ar-
rived from elsewhere, and apparently lived in an environment

that is not fossilized. Others (e.g., Gelagna succincta, Monoplex
comptus, M. exaratus, and Malea pomum) are widespread in
the Indo-West Pacific, some have a fossil record there (Beu,
2005), and they almost certainly belong in the group that has
arrived geologically recently in the Adantic from the Indian
Ocean.

GEOGRAPHICAL RANGES AND UPLIFT
OF THE CENTRAL AMERICAN ISTHMUS
The concept of a seaway through the present CAI, formerly
uniting the tropical oceans, dates back to at least Spencer
(1897), who envisaged a connection through the Isthmus
of Tehuantepec, Mexico. Although it is still possible that
such a seaway was present during Miocene time, as one was
through the Atrato Basin in northern Colombia (Woodring,
1966; Duqué-Caro, 1990; Coates et al., 2004), more recent
research has concentrated on the concept of a younger seaway
through approximately the position of the present Panama ca-
nal (e.g., Coates et al., 1992). It seems equally likely that one
existed (perhaps at a similar time to the one through Panama)
through lowland Costa Rica (Coates & Obando, 1996). Most
statements about such a concept (e.g., Keigwin, 1978) have
implied a single, climactic uplift event in which the seaway
suddenly was cut off and the “great American biotic inter-
change” of terrestrial mammals began, usually stated to have
been at around 3.5-3 Ma. More gradual disconnection of the
oceans and linking of the continents is indicated, however, by
both recent geological and paleontological evidence (Coates
& Obando, 1996; Collins et al, 1996) and evidence from
South American vertebrate paleontology of the earlier arrival
of the first North American terrestrial mammals [e.g., gom-
photheres (Proboscidea), tapirs and camelids in Late Miocene
rocks of Peru, Colombia and Brazil; Campbell & Frailey,
1996]. Mammals that can swim well arrived in South America
by at least 12 Ma, indicating that a variety of stepping-stone
islands lay across the CAI from that time. In contrast, South
American mammals that were poor swimmers arrived in
Mexico and giant South American ground birds arrived in
Texas and Florida during Early to mid-Pliocene time (Flynn
et al., 2005; MacFadden et al., 2007). Webb & Rancy (1996:
337) dated the “final emplacement of the isthmian link in
Central America” at about 2.5 Ma, based on magnetostrati-
graphic dating of South American fossil mammal faunas. This
merely indicates though, of course, that the earliest glacial
lowering of sea level to provide access for terrestrial mammals
happened at about that date, more-or-less coincident with the
onset of glaciation in northern Europe; marine access between
the oceans would still have been possible during the interven-
ing interglacial highstands. Relatonships between marine off-
shore foraminiferal faunas imply deep-water marine connec-
tions between the eastern Pacific and western Atlantic Oceans
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up until approximately 3 Ma (Keigwin, 1978), even though
the first evidence of break-down of planktonic faunal similari-
ties between the two oceans is as early as 4.2-3.95 Ma (Ibaraki,
2002). These dates imply a gradual, complex uplift and clo-
sure of the CAI, presumably as a changing pattern of islands,
marine basins, and seaways through at least 12-3 Ma.

The fossil record of tonnoideans lends support to such
a long time-scale of CAI uplift. Occurrences of atlantiphile
or paciphile species as fossils in the “wrong” biogeographical
province offer the best support for this, and are listed here (fol-
lowing Beu, 2001; data for these records are provided under
Systematic Paleontology, below). It should be noted that new
dates on tropical American Neogene rocks published since
Beu (2001) was written have all indicated earlier ages than
were adopted formerly, weakening the evidence for a young
date of final uplift of the CAI (Coates in Collins & Coates,
1999; Cotton, 1999; Coates et al., 2003, 2004).

1. Bursa rugosa: This paciphile species is common and wide-
spread in Neogene rocks of the Caribbean area. The youngest
Caribbean occurrences are in the Late Miocene Gatun Fm,
the Late Miocene-Pliocene Bocas del Toro Basin of Atlantic
Panama, and Late Pliocene rocks of Florida. Collection NMB
18716 contains a single Pliocene specimen (Shark Hole Point
Fm, 5.2-2.3 Ma; southern end of Playa Lorenzo, southern side
Valiente Peninsula). It is also common in the Early Pliocene
Punta Gavildin Fm of eastern Venezuela.

2. Crossata ventricosa: The sole Panama fossil record of this
characteristic eastern Pacific species is also from the Pliocene
Shark Hole Point Fm (5.2-2.3 Ma) at Shark Hole Point,
Valiente Peninsula, Bocas del Toro Basin, on the Atlantic
coast of Panama (NMB 17854, one specimen).

3. Marsupina bufo (Atantic) and M. nana (Pacific):
Although these are listed above as a possible example of a
geminate species pair, they do not constitute such a pair in the
sense of resulting from speciation after uplift of the CAI sub-
divided an originally single species. Marsupina nana is much
closer morphologically (i.c., presumably phylogenetically) to
the Miocene M. judensis n. sp., on the Pacific coast, than it
is to M. bufo, and M. bufo has a long (Miocene-Pleistocene)
fossil record in the western Atlantic. This, then, seems to be
another case, like Semicassis centiquadratalS. granulata, of spe-
cies pairs whose distinctions result from Miocene speciation
events long before the final uplift of the CAIL It is conceivable
that these species pairs reflect Miocene initiation of uplift,
formation of isolated basins, and seaway constriction, as the
uplift of the CAI commenced.

4. Distorsio clathrata: The eastern Pacific occurrences of
this species are in the Early Pliocene Onzole Fm of Ecuador
(three specimens listed here; two others recorded by Olsson,
1964: 175, pl. 30, figs 1-1b). All other fossil occurrences are
in the western Atlantic area still inhabited by D. clathrata,

where there are few records before Pliocene time.

5. Distorsio decussata: The abundant occurrence of this
species in Late Miocene-Pliocene rocks on both coasts of
Panama indicates that the CAI was not yet uplifted. Distorsio
decussata is limited to the eastern Pacific at present, but fossils
are abundant in Atlantic Panama, clearly indicating an open
isthmus (recorded below from ten Pliocene localities in the
Bocas del Toro Basin, Atlantic Panama). The youngest re-
cord in the Adantic (Table 2) is six specimens in the Escudo
de Veraguas Fm (3.6-1.8 Ma) (NMB 17622, 1; 17628, 1;
17840, 4), confirming that planktotrophic molluscan larvae
were carried through the Central American Seaway after 3.6
Ma, and possibly as late as earliest Pleistocene time.

6. Monoplex panamensis: A similar pattern to that of
Distorsio decussata is shown by this extinct species, recorded
below from Late Miocene-Pliocene rocks on both coasts of
Panama. However, all localities have now been determined to
be Late Miocene in age, except for two in the Pliocene Escudo
de Veraguas Fm (3.6-1.8 Ma) at Cayo Agua, Bocas del Toro
Basin (NMB 17633, 18719). These again are useful in dem-
onstrating that the seaway remained open after 3.6 Ma.

7. Linatella caudata: This species seems to be the most sig-
nificant, as it has not been recorded in the present-day eastern
Pacific fauna, although it is very widespread in both the Indo-
West Pacific and Adlantic present-day faunas. Nevertheless,
fossils are recorded below from the eastern Pacific from both
the Miocene of Punta Judas, Costa Rica (NMB 17764, 1) and
the Pleistocene Armuelles Fm of the Burica Peninsula, north-
ern Pacific Panama (NMB 17442, 5 juveniles; Pl. 63, Figs 8,
11). This locality (PPP 1761, blue silts, Rio Rabo de Puerco,
west of Puerto Armuelles, Burica Peninsula) is definitely stat-
ed to be within the Pleistocene Armuelles Fm in the PPP web
database. This seems to be the youngest clear example of dis-
persal through the CAI and, interestingly, is in the opposite
direction to most other examples — an atlantiphile tonnoidean
in Pacific Panama. It indicates that at least shallow marine wa-
ters connected the Caribbean Sea with the eastern Pacific dur-
ing Early Pleistocene interglacial periods of high sea level, un-
til after 1.8 Ma. Alan Kohn (University of Washington, pers.
comm., 2002) cautioned that it is not possible to completely
discount dispersal across the eastern Pacific barrier to explain
the occurrences of L. caudata in Pacific Panama. However, the
low rate of occurrence of such dispersals, demonstrated by
the very low similarity index between the Indo-West Pacific
and eastern Pacific faunas in Table 5B, and the absence of
any records of L. caudata from anywhere in the Pacific east of
Hawaii (Beu, in prep.) makes such an explanation unlikely.

8. Monoplex lignarius: The Springvale Quarry locality in
Trinidad, where this species occurs as fossil, is now known
to be Early Pliocene (Donovan, 1994). Monoplex lignarius
is now limited to the eastern Pacific, so this paciphile spe-
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cies at least indicates that the CAI was still open during Early
Pliocene time.

9. Monoplex wiegmanni: Again, this now-restricted eastern
Pacific species has a single exception of biogeographical inter-
est: one specimen is recorded below from the mid-Pliocene
Banino Fm of Rio Bandno near La Bomba, on the Atlantic
coast of Costa Rica. The age of this formation at La Bomba is
3.2-3.0 Ma (Coates, 1999: text-fig. 6).

10. Halgyrineum louisae: As pointed out by Robinson
(1990, 1993), the sole fossil record of this species is in the latest
Pliocene-Early Pleistocene (2.1-1.5 Ma) Moin Fm at Limén,
Atlantic Costa Rica. Recent specimens are recorded widely
but sparsely in the tropical western Pacific (Beu, 1998b: 64;
see also below) and at the northern Atlantic islands and banks
(Fechter, 1975; Gofas & Beu, 2002: 99). The Limén occur-
rence indicates that the Atlantic and Pacific populations were
able to maintain genetic continuity until the final uplift of the
CAI at around the Pliocene-Pleistocene boundary. As with
Bursa corrugata, the lack of any obvious morphological dif-
ferences between the shells of Pacific and Atlantic specimens
needs to be confirmed by molecular evidence, but because H.
louisae has a classic tonnoidean planktotrophic protoconch
(PL. 24, Figs 4, 7-10; Beu, 1998b: figs 19c¢, e-f), it is pos-
sibly one of the species still being kept in genetic continuity
through larval transport around South Africa in the Agulhas
leakage.

11. Cassis: As pointed out by Vokes (1990b), the genus
Cassis s.s. is almost unknown in the eastern Pacific, although
Hanna (1926: 444, pl. 20, fig. 8, pl. 29, figs 2-3) described
C. subtuberosa (based on a specimen closely resembling C.
flammea) from the Latrania Fm (Demere & Rugh, 2006)
(Late Miocene/Early Pliocene) at Alverson Canyon, Coyote
Mountains, California, USA. Vokes (1990b) recorded anoth-
er Cassis specimen, probably belonging in C. altispira n. sp.,
from the Onzole Fm (Early Pliocene) at Quebrada Camarones,
Ecuador. Two further eastern Pacific fossils are recorded be-
low, tentatively identified as C. altipira: Rio Tuquesa, Darien
(Late Miocene), and Angostura Fm (Late Miocene), Punta
Verde, 30 km east-northeast of Esmeraldas, Ecuador. Cassis
was listed as an atlantiphile genus in the eastern Pacific by
Woodring (1966), but seems more propetly considered as an
Atlantic and western Pacific-Indian Ocean genus that very oc-
casionally was carried as planktotrophic larvae into the east-
ern Pacific through the Panama seaway, during Late Miocene-
Early Pliocene time.

12. Sconsia grayi: Like Cassis, the genus Sconsia is almost
entirely unknown in the eastern Pacific, fossil or Recent. The
exceptions are two records of S. grayi from Late Miocene
rocks of Darien, southern Pacific Panama (NMB 18184, Rio
Chucunaque, 4; NMB 18510, Rio Tuquesa, 1; see below)
and the records by Olsson (1964: 169) of fragments from the

Angostura Fm (Late Miocene) at three localities in Ecuador,
indicating that the CAI was still open at the time of deposi-
tion of these rocks.

13. One of the most useful fossil records is that of Malea
ringens. This occurs commonly as a fossil within its living
range, along the Pacific coasts of Mexico, Costa Rica, Panama,
Darien, Ecuador, and Peru, but also occurs commonly in the
Late Miocene-Pliocene rocks of Atlantic Panama, in both
the Bocas del Toro Basin and the Panama Canal Basin (24
Middle-Late Miocene and 16 Pliocene localities recorded be-
low; Table 2: 26 specimens, 22 in Cayo Agua Fm, 5.0-3.5 Ma;
3 in Shark Hole Point Fm, 5.2-2.3 Ma, and 1 in Escudo de
Veraguas Fm, 3.6-1.8 Ma), providing strong evidence for the
CAI remaining open until late in Pliocene time. Here again, a
single record from the latest Pliocene-Early Pleistocene (1.9-
1.5 Ma) Moin Fm at Limén, Adantic Costa Rica, by Aguilar
& Denyer (1994: 63, pl. 1, fig. 10) is important for indicat-
ing that the CAI was still open during the deposition of this

unit.

CONCLUSIONS

1. The record of tonnoideans in the tropical American region
indicates that a seaway through the CAI (perhaps through
Costa Rica, rather than, or as well as, Panama) was still
open, at least intermittently, late in Pliocene time. The oc-
currences of the atlantiphile species Linatella caudata in the
Pleistocene Armuelles Fm of the Burica Peninsula, northern
Pacific coast of Panama, and of the paciphile species Malea
ringens at Limén, Adantic Costa Rica, indicate that some
marine connections still occurred between the eastern Pacific
and the Caribbean during at least latest Pliocene and perhaps
carliest Pleistocene interglacial periods. Connections between
the eastern Pacific and western Atlantic marine faunas would
have occurred frequently, during interglacial periods of high
sea level, for much of mid- to Late Pliocene and possibly ear-
liest Pleistocene time, and conversely, connections between
the terrestrial faunas of North and South America would have
occurred frequently over the same period, during the alternat-
ing periods of glacial low sea level, i.e., after about 2.5 Ma.
The closure of the Central American Seaway probably was a
long-drawn-out, gradual series of events, finally closing per-
manently at around 2-1.8 Ma.

2. The lack of a fossil record before the Pleistocene in the
western Atlantic of several species that are among the most
common tonnoideans now in both the Indo-West Pacific and
western Atlantic faunas indicates that they were able to reach
the western Atlantic only very recently. The only feasible route
for the transport of their larvae, particularly for Bursa ranel-
loides, Ranularia cynocephalum, and R. gallinago (which occur
in the Indian Ocean but not in the western Pacific, i.e., they
cannot possibly have passed through the CAI) seems to have
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been around South Africa, in the apparently opposite direc-
tion to that of the Antarctic Circumpolar Current. Such a
route for larval dispersal, continuing still at present, is sug-
gested also by the 43% of western Atlantic and 47% of West
African species that are still shared with the Indo-West Pacific
fauna, because the percentage of shared species is much lower
(21%) for the eastern Pacific fauna, and most of the taxa in
common with the Indo-West Pacific exist only as non-breed-
ing pseudopopulations in the eastern Pacific (see also Vermeij
& Rosenberg, 1993; Vermeij, 2005). Borowski (2003: 9)
and De Ruiter ez al. (2006) reviewed earlier publications on
the Agulhas leakage, which occurs as subsurface eddies that
transport water (and therefore larvae) between the Indian and
Atlantic Oceans, explaining these distributions that at first
sight seem counterintuitive.

3. Other tonnoideans indicate that reorganizations of dis-
tributions and speciation events occurred in tropical America
during Miocene and Early Pliocene time. These include spe-
cies pairs (such as Marsupina nana/M. bufo and Semicassis
centiquadratalS. granulata) and the complex taxonomy of such
genera as Cypraecassis and Dalium, whose separations long
predate the closure of the CAI, and indicate that uplift of the
CAI was beginning as early as Middle or even Early Miocene
time. Most apparently tonnoidean geminate pairs on the two
sides of tropical America date from the period before CAI
closure, when a filter barrier operated in the CAI. The only
true geminate pairs formed by speciation as a result of closure
of the CAI are subtle ones whose taxonomy is debated, such
as Monoplex pilearis/M. macrodon, Monoplex parthenopeus/M.
keenae, and possibly Cypraecassis chipolana/C. wilmae (the last
uncertain because of the early extinction of C. chipolana). The
subtle level of distinction between these taxa presumably re-
sults from the very recent date of final closure of the CAL.

4. Several lines of evidence indicate that the tropical west-
ern Adantic region was subdivided into biogeographical sub-
regions during Miocene and Pliocene time, with some ton-
noidean species limited to one or two subregions (see also
Vermeij, 2005). Distinctions between coeval pairs of species
in one genus, such as cassids in the Panama basins and the
Dominican Republic (Sconsia grayi and S. laevigata, Semicassis
granulata and S. reclusa), scem to imply such subregions, as do
the similarity indices discussed above. The limited geographi-
cal ranges of several Malea species, such as M. densecostara,
point to the same conclusion. Iturralde-Vinent & MacPhee
(1999: fig. 17) showed a relatively small Neogene pull-apart
basin southwest of Margarita Island that would have included
the Punta Gavildn-Cubagua area. Ostos ez al. (2005; and other
papers in the same volume) also provided an overview of the
complex plate tectonic deformation along the Caribbean mar-
gin of Venezuela during Cenozoic time, defining a basin occu-
pied by the Punta Gavildn-Cubagua region during Miocene-

Pliocene time. A recent update of the active tectonics of the
southern Caribbean plate boundary zone also was provided
by Levander e al. (20006). It appears that the restricted spe-
cies at Punta Gavildn and Isla Cubagua were constrained by
physical barriers. However, a filter barrier apparently also lay
east of Panama. The evidence of tonnoidean distributions
seems to indicate at least three subregions within the Late
Miocene-Early Pliocene tropical western Atlantic: Panamic,
northern Caribbean, and southern Caribbean. The northern
Caribbean subregion seems to coincide with Vermeij’s (2005)
Caloosahatchian province, whereas the southern, Gatunian
province recognized by Petuch (1982) and Vermeij (2005) de-
serves subdivision. The evidence for two subprovinces, in the
Panamanian and Venezuelan regions, needs to be interpreted
with caution, however. Several tonnoideans (e.g., Marsupina
bufo, Sconsia grayi, Dalium solidum, and Echinophoria hadra)
are much more common now along the northern coast of
South America and around the Lesser Antilles than elsewhere,
and are apparently limited to highly productive upwelling ar-
eas. They seem to be limited by ecology rather than by physi-
cal or oceanographic barriers, and this would also have been
a factor in the past.

5. The scenario indicated for the closure of the CAI is one
of gradual constriction and fragmentation of waterways after
mid-Miocene time (cz. 15 Ma), the frequent formation and
disappearance of marine basins and seaways through a combi-
nation of active tectonics and the rapidly oscillating sea levels
of Late Miocene-Early Pleistocene time, and the continuation
of at least intermittent marine connections through a seaway
during Late Pliocene and perhaps earliest Pleistocene intergla-
cial periods of high sea level. This is discussed further below.

TIMING AND EFFECTS OF UPLIFT
OF THE CENTRAL AMERICAN ISTHMUS
An enormous literature exists on the closure of the Central
American seaway and the concomitant uplift of the CAIL
This most major of relatively recent vicariant biogeographical
events, the closure of the tropical gateway between the Atlantic
and Pacific Oceans, has been studied closely because of the
model it provides for similar situations in the past. It is rea-
sonably well dated (it is at least certain that it occurred late in
Neogene time), and so we understand it more fully than most
similar but earlier events. It provides a “natural laboratory” for
understanding the effects of the imposition of a vicariant bar-
rier on speciation in the marine realm. Consequently, it has
great utility as a calibration point for the “molecular clock.”
It also allowed the “great American interchange” of terres-
trial mammals between North and South America (Stehli &
Webb, 1985). Finally, it possibly was ultimately responsible
for the initiation of the Pleistocene glacial-interglacial cycles
through strengthening of the Gulf Stream and formation of



36 BULLETINS OF AMERICAN PALEONTOLOGY, NoO. 377-378

the Arctic Pond (Stanley, 1995) — and so, perhaps, the evolu-
tion of the genus Homo (Stanley, 1992, 1995). The signifi-
cance of the closure of the CAI, combined with the complex
geologically recent events in Caribbean plate tectonics, for
tropical American biogeography has been explored by many
authors (a few include Rosen, 1975; Hedges, 1982; Coney,
1982; Jones & Hasson, 1985; Vermeij & Petuch, 1986;
White, 1986; Jackson ez al., 1993; Tsuchi, 1996; Jackson et
al. (eds), 1996; Lessios et al., 1999; and O’Dea ez al., 2007).

I state that the uplift is “reasonably” well dated because of
uncertainty over exactly when the CAI finally closed. Three
earlier publications of which I am aware have suggested what
seems to me to be a reasonable, gradual scenario for closure of
the CAL Firstly, Jones & Hasson (1985: 349) concluded that
“It seems reasonable that elevation of the Panama Isthmus
proceeded gradually. The sedimentological and paleoceano-
graphic studies suggest partial uplift and disruption of former
current patterns by the late Miocene. ... Different microfossil
groups that inhabit particular depths in the water column ap-
parently showed a progressive pattern of isolation as the isth-
mus continued to emerge in the Pliocene ... Most evidence
to date indicates 3.5 m.y.a. as the most likely time for isola-
tion of the microfossil faunas, but total emergence of the en-
tire ithmus probably did not occur until some time after 3.0
m.y.a., in the latest Pliocene or earliest Pleistocene.” Keller ez
al. (1989) also indicated a final uplift date for the CAI young-
er than the usually accepted 3.5-3.0 Ma, when they indicated
four step-wise events in the faunal history of CAI closure, re-
dated according to the timescale of Shackleton ez a/. (1996)
at 6.8, 4.6, 2.5, and 1.9 Ma (Haug & Tiedeman, 1998: 674):
“... initial closure of the Pacific-Caribbean gateway and ces-
sation of sustained surface current flow between the Pacific
and Caribbean occurred as late as [2.5] Ma. Maximum di-
vergence of faunal provinces begins at [1.9] Ma and contin-
ues to the present. This implies that at least incipient littoral-
neritic leakage occurred across the Pacific-Caribbean gateway
between [2.5] and [1.9] Ma, with final closure at [1.9] Ma”
(Keller ez al., 1989: 73). Finally, Coates & Obando (1996: 21)
pointed out that although the Isthmus of Panama was “finally
raised to a complete marine barrier about 3.1-2.8 Ma ... tem-
porary breaching of this barrier may have occurred in the late
Pliocene as a result of eustatic sea-level changes.”

The effects of and evidence for the uplift of the CAI have
been described by (among many others) Keigwin (1978,
1982), Keller ez al. (1989), Duqué-Caro (1990), L. S. Collins
(1996), Collins et al. (1996), and Ibaraki (2002) based on
Foraminifera; Marshall ez 2/ (1982), Marshall (1985), Webb
(1985), Campbell & Frailey (1996), Webb & Rancy (1996),
and many others based on mammals; Kameo & Sato (2000)
and Kameo (2002) based on calcareous nannofossils; Maier-
Reimer & Mikolajewicz (1990), Mikolajewicz & Crowley

(1997), Haug & Tiedemann (1998), Chaisson & Ravelo
(2000), Haug ez al. (2001), Nof & Van Gorder (2002a, b),
Gussone et al. (2004), and Schneider & Schmittner (2006)
based on circulation through the CAI and effects of the closure
on Atlantic circulation; and Fischer (1981), Vermeij & Petuch
(1986), Coates et al. (1992), Vermeij (1993, 1997), Knowlton
et al. (1993), Roopnarine (1996), Cronin & Dowsett (1996),
L. S. Collins (1996), T. Collins (1996), Budd et 2/ (1996),
Jackson et al. (1996), DeMaintenon (1998), Knowlton &
Weigt (1998), Budd & Johnson (1999), Lessios et al. (1999),
Anderson (2001), Marko (2002), Kirby & Jackson (2004),
and O’Dea et al. (2007), a small selection of the huge litera-
ture on fossil and living macrofaunas and how these can be
interpreted in terms of CAI closure. Among the many ideas
that need reinterpretation if a late Pliocene or even earliest
Pleistocene final closure of shallow-water transport through
the CAI is accepted are Pleistocene faunal turnover of corals
and mollusks in the western Atlantic (Allmon ez 2/, 1996;
Allmon, 2001; Todd e al., 2002), egg-size evolution in arcid
bivalves on the two sides of the CAI at 2 Ma (Moran, 2004),
and environmental change preceding Caribbean extinction by
two million years (O’Dea ez al., 2007). These all were attrib-
uted to ecological changes in the western Atlantic, including
productivity change (first suggested by Woodring, 1966: 430),
because CAI closure was thought to be too early to explain
them. It now seems more likely that the productivity change
was caused by final closure of shallow-water connections by
the final uplift of the CAL Jackson e /. (2003) pointed out
new evidence for an increase in Caribbean molluscan taxo-
nomic diversity since Miocene time, rather than the Pliocene
decrease in diversity that had been reported by previous work-
ers “on the basis of inadequate data” (Jackson ez /., 2003:
1624). They also noted that “Upheaval of molluscan faunas
did occur suddenly throughout tropical America at the end
of the Pliocene as a result of more subtle, unknown causes”
(Jackson ez al., 2003: 1624), and it now seems likely, again,
that the “unknown cause” was the final closure of shallow-
water connections, and consequent disruption of larval trans-
port between the two oceans, by uplift of the CAI at about
the Pliocene-Pleistocene boundary, ca. 2.0-1.8 Ma. Similarly,
Landini ez 2/ (2002) discussed the fish and molluscan fauna
of the Late Pliocene Canoa Fm of Ecuador, assuming that this
formation was deposited after the closure of the CAI. They
particularly remarked on the 15 species of fishes in common
with the boreal Pacific, but their pie graphs of faunal compo-
sition (Landini e al., 2002: fig. 6) show that one species of
benthic foraminiferan in the Canoa Fm is shared exclusively
with the Adlantic and a further 18 species are shared with both
the Californian Province and the Atlantic (Gulf of Mexico).
Although the upwelling and circulation changes cited by
Landini ez /. (2002) might well have been factors altering
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distributions as the CAI progressed toward final closure, their
own evidence makes it just as likely that the CAI was still a
seaway allowing dispersal of shallow-water species from the
Gulf of Mexico to the eastern Pacific during Late Pliocene
interglacial periods of high sea level. Another factor to bear
in mind is that there is litcle evidence for coral reefs in the
Caribbean until virtually the end of Pliocene time, when reef
development became obvious in the Limén Basin in Atlantic
Costa Rica (Aguilar & Alvarado, 1996; McNeill ez a/., 2000;
Johnson ez al., 2007) as well as in the Pleistocene forereef lime-
stone of Swan Cay Fm in the Bocas del Toro Basin, Panama
(Coates et al., 2003: 272). It therefore appears likely that the
cessation of shallow, near-surface current flow through the
Central American seaway from the eastern Pacific into the
Caribbean at approximately 2.0 Ma allowed the development
of coral reefs. This was possibly another aspect of the resulting
changes in productivity, or perhaps resulted from some other
factor such as the extinction of predators of corals or their lar-
vae. As pointed out by Johnson ez 4. (2007), the development
of coral reefs in turn drove the increase in molluscan diversity
in the Caribbean at the end of Pliocene time. Diaz (1995)
also pointed out that environmentally homogeneous areas of
the southern Caribbean at present have relatively low mol-
luscan diversity, e.g., the wide shelf off of the Orinoco River
mouth, whereas environmentally heterogencous, “patchy”
areas and, in particular, the areas of upwelling induced by
the trade winds along the northern coast of Colombia and
Venezuela have the highest molluscan diversity at present.
Presumably the “patchiness” invoked by Diaz includes coral
reef development, and it is likely that both coral reefs and
upwelling areas are diversity “hot spots” in the Caribbean.
The trade winds will not have changed significantly through
Neogene time (and presumably for much longer), so the de-
velopment of coral reefs certainly seems likely to have been
the main latest Pliocene change in the Caribbean that drove
the coeval sharp increase in molluscan diversity. Shulman &
Bermingham (1995: 908) pointed out an important apparent
paradox to keep in mind when explaining the biogeography
of widely dispersed marine animals, of which tonnoideans are
among the best examples: the contrast between their high di-
versity within one area and the extensive gene flow between
local populations. They followed Vermeij (1978) in suggest-
ing that present-day sea levels, currents, and patterns of gene
flow are not representative of the past marine environments in
which much of today’s biodiversity developed. They therefore
suggested that Plio-Pleistocene time might have been charac-
terized by alternating periods of increased speciation during
glacial periods of low sea level and decreased speciation during
interglacial periods of high sea level. “Thus, speciation in the
marine realm may ebb and flow with high and low sea level,
respectively” (Shulman & Bermingham, 1995: 908). The

interplay of changing speciation rates with sea-level change,
the development of Caribbean coral reefs from latest Pliocene
time onward, and changes in current flows through the CAI
as it gradually closed during Late Pliocene-Early Pleistocene
time — with some surface larval exchange through the seaway
still possible during interglacial periods until approximately 2
Ma, alternating with a dry land corridor during glacial periods
of low sea level — seems to provide quite enough variation
and complexity in drivers of biotic change to explain all of
the patterns of diversity seen in tropical American molluscan
biogeography.

Valuable independent evidence for the timing of marked
uplift of the Adantic coast of the CAI to near sea level was
provided by L. S. Collins (1993) and Collins et al. (1996),
who demonstrated no evidence of uplift of the Bocas del Toro
and Limén basins throughout Pliocene time. The depositional
facies represented by the lithologies and faunas of these basins
indicate that uplift commenced only during Early Pleistocene
time (ca. 1.6 Ma). Collins ez al. (1996) pointed out that this
coincides well with the geophysically determined dates of
subduction of the Cocos Ridge under the CAI, because uplift
of the Burica Peninsula in Pacific Panama commenced at ca.
3.6 Ma, but uplift did not commence in Atlantic Panama-
Costa Rica until the Cocos Ridge had progressed under the
CAI for 180 km at 9 cm/yr, reaching the Pacific coast at 1.6
Ma. A date for permanent drying of the CAI at 1.9 Ma was
accepted by Keller ez a/. (1989; redated by Haug & Tiedemann,
1998) and Haug & Tiedemann (1998), and approximately
2.0-1.6 Ma secems a reasonable estimate of final closure
based on both the evidence of transport of tonnoidean larvae
through the CAI until ca. 2.0-1.8 Ma, and the geophysical
evidence of uplift commencing at 1.6 Ma, reviewed by L. S.
Collins (1993) and Collins et /. (1996). Questions of how
South American mammals of North American origin, which
are largely grassland herbivores, were exchanged through the
tropical lowland forests of Central America are then answered
by most exchange taking place during glacial lowstand periods,
when part of Central America would have been grassed rather
than forested. This question was considered by (among
others) Colinvaux (1996), who concluded from extensive
palynological evidence in Central and South America that
much of Mexico to Yucatan and Honduras was savannah, but
“most of the isthmus was elevated, with oak forest on mid-
slopes” during glacial periods. “There was never a causeway
of open savanna-land to connect the continents; rather, there
was an ever-changing patchwork of plant communities that
included tropical forest in the lowlands. This patchwork,
constantly changing through succeeding glacial cycles, offered
a filter bridge, possibly constraining the migrations of some
animals more than others” (Colinvaux, 1996: 399).

This discussion leads to a cause-and-effect argument about
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the initiation of the Pleistocene glaciations. The timing of
CALI uplift steps — at 6.8, 4.6, 2.5, and 1.9 Ma (Keller ez 4/,
1989, as redated by Haug & Tiedemann, 1998) — now seems
to coincide with the climatic shifts that they are supposed to
have caused in (e.g.) Stanley’s (1995) theory of causation of the
Pleistocene glaciations by closure of the CAI. Of course, the
position of the basal Pleistocene Global Standard Section and
Pointin the Vricasection, in southern Italy, at 1.81 Ma (Aguirre
& Pasini, 1985) is contentious precisely because no particular
event during Pliocene-Pleistocene history happened at this
time (this “standard” boundary at 1.81 Ma is retained here,
although a movement is under way to change it to 2.6 Ma).
The boundary is located at just one of the many similar glacio-
eustatic cycles through this period (in oxygen isotope stage 65)
and no dramatic affect on world climates was caused by CAI
closure, or anything else, at this level, despite the apparent
(coincidental?) near-synchroneity between the boundary at
Vrica and closure of the CAI. However, the whole argument
becomes circular; did the lowering of sea level due to cooling
climate cause the closure of the CAI, or did progressive, step-
wise uplift of the CAI cause the Pliocene-Pleistocene climatic
shifts? Is it a coincidence that they seem to have been coeval?
Molnar (2008) published a similar conclusion, that initiation
of glaciation was simply not related to uplift of the CAI,
after the present manuscript was submitted. Preparation of
the Earth for Pleistocene glaciation possibly began through
a combination of constriction of the CAI with the Neogene
thermal isolation of Antarctica through the development of
the Antarctic Circumpolar Current (commencing at ca. 40
Ma, but Drake Passage possibly not open until 20 Ma; Lawver
et al., 1992; Drake Passage open early in Oligocene time,
before 29 Ma; Livermore ez al., 2004). However, it seems
likely that another cause must be sought for the initiation
of major northern hemisphere glaciation at 2.7-2.5 Ma, a
cause that probably acted in conjunction with constriction of
flow through the CAI. A possible cause might well have been
the reduction in volume of ocean water through Pliocene
cooling shifts, and the consequent unloading of seafloor
methane clathrates and release of large amounts of methane
into the atmosphere (Kennett ez 4/., 2000, 2003). However,
an alternative model that fits carbon isotope values better is
the control of rapid glacial-interglacial temperature shifts by
emissions of methane from either tropical or, more probably,
northern high-latitude wetlands (Broecker, 2003; Hughen
et al., 2004; MacDonald ez al., 2006; Schaefer et al., 20006;
Sowers, 2006).

Paleoceanographers have relied upon the concept of the
“ocean conveyor belt” driving world ocean currents, and
changes in it such as reduction in the flow of the Gulf Stream
leading to the onset of glaciations (e.g., Broeker & Denton,
1989). This suggests the possibility that, rather than the

waxing and waning of the “Arctic Pond” as a driver of the Gulf
Stream (Stanley, 1995), a major contribution of the closure of
the CAI to paleoceanography and biogeography might have
been strengthening of flow of the Gulf Stream in the northern
Atlantic as a result of cessation of flow through the CAI If
any of the Gulf Stream formerly flowed through the CAI
into the Pacific (although this was probably minor; Schneider
& Schmittner, 2006), it would have had to flow northward
in the Adantic after closure of the CAI, presumably after a
critical sill depth was reached at ca. 2.6 Ma, when significant
northern hemisphere glaciation commenced. Wunsch (2002)
argued that the sole driver of ocean currents is the wind field
at the sea surface. Uplift of the CAI presumably was coeval
with mountain uplift in Central America, so it is conceivable
that mountain uplift would have altered the wind field at
the sea surface significantly and so further changed surface
currents on each side of the Americas. This remains a field for
further research.

Nof & Van Gorder (2002a, b) argued that flow through the
CAI was from east (Atlantic) to west (Pacific) before closure of
the CAI. However, improved modeling of different sill depths
and nutrient diffusivities allowed Schneider & Schmittner
(2006) to conclude the opposite: water mainly flowed from
the Pacific into the Atlantic before closure of the CAI. The
corresponding constriction of throughflow due to shallowing
of the CAI sill led to intensification of northern Atlantic
circulation. More importantly, the loss of inflow of nutrient-
rich Pacific water led to a reduction in productivity in the
Atlantic and the corresponding nutrient accumulation in the
eastern Pacific led to increased productivity there. Combined
with the timing of CAI shallowing and closure suggested by
me (Beu, 2001, and herein) from the evidence of tonnoidean
gastropods, these conclusions produce a satisfying explanation
of tropical American faunal history, as was also concluded by
Landau ez al. (2008). The greater number of paciphile than
atlantiphile genera in the region is a strong indication that
molluscan genera with planktotrophic larvae predominantly
were carried from the Pacific into the Atlantic, rather than
in the opposite direction. Increasing constriction of the CAI
at ca. 6.8, 4.6, 2.5, and 1.9 Ma (Keller ez a/., 1989; Haug &
Tiedeman, 1998) decreased the numbers of larvae transported
through the CAI into the Atlantic, particularly after 2.5
Ma, and the final closure of shallow surface throughflow at
approximately 2.0-1.6 Ma extinguished the last paciphiles (a
few taxa lingering in the Adantic undil cz. 1.5 Ma; Landau
et al., 2008) and caused the dramatic decrease in Atlantic
productivity that led to marked molluscan extinction in the
Atlantic after ca. 2 Ma.

TYPE MATERIAL OF EARLY-NAMED SPECIES

I began a list of collections and locations where type material
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can be examined of early-named species of Tonnoidea (Beu,
1998b: 15), based largely on Dance (1966: appendix 4).
Other useful catalogs of collection locations include those of
Sherborn (1940) and, in particular, Cleevely (1983). Types of
many of the species named by Linnaeus (1758, 1767, 1771)
are present in either the Linnean Society of London’s rooms
in Burlington House, London (Dance, 1967) or Uppsala
University Zoological Museum (now Museum of Evolution,
Uppsala University; Wallin, 1993). However, the specimens
cited by Linnaeus from illustrations in pre-Linnean iconog-
raphies have the same status as Linnaeus’ own specimens as
syntypes of Linnean species, and so if any remain today, their
location is important to resolve. I concluded (Beu, 1998b: 16)
that none of the specimens in Uppsala University Zoological
Museum listed as possible syntypes of Linnaeus’ species that
I had been able to examine at that time is correctly identi-
fied; none bears an early label identifying it as a syntype
and I considered that none of them actually is a syntype.
However, Mats Eriksson (UUZM) has recently pointed out
to Gijs Kronenberg (Eindhoven, pers. comm., 12 February
2007) that these specimens might well all have been seen by
Linnaeus, and so are potential syntypes (see discussion under
the lecotype designation for Cassis flammea, below). Dance
(1966: 291) reported that the collection of Link (1807)
was in the Rostock Museum, but Kohn (1981: 301) stated
that the collection, now in the Wilhelm-Pieck-Universitit
Rostock, is unlikely to contain any specimens that can be
identified as Link types. Dance (1966: 297) reported also that
some specimens illustrated by Perry (1811) are in BMNH,
but unfortunately this is not so for any of Perry’s tonnoid-
eans. Dance (1966: 301) further reported that Schumacher’s
(1817) collection is in ZMC, but none of Schumacher’s mate-
rial of tonnoideans was present when I examined the collec-
tion in 1979. Most of the type material of species named by
Lamarck (1816, 1822) is present in MHNG, along with the
tonnoidean specimens illustrated by Kiener (1835a-c, 1841,
1842). It should be noted that almost all of Kiener’s figured
specimens of Cassidae, Bursidae, Personidae, and Ranellidae
were chosen from Lamarck’s type material (I have not checked
the Tonnidae, but this seems likely to apply to the figured
specimens in all Kiener's monographs). The type material
of Japanese species described by Lischke (1868-1873) is in
Lobbecke Museum und Aquazoo, Diisseldorf (Cosel, 1998).
The location of the type material of the major iconographies of
the 19% century has long been well-known, and is cited in the
text below where relevant; most is in either BMNH (Reeve’s,
the Sowerbys’, Gray’s, some of Wood’s, etc.) or MNHN (a
few of Lamarck’s, some of Valenciennes’s, most of Quoy &
Gaimard’s, etc., and of all French authors up to Jousseaume
and later).

Considerable further information on early types has since

come to light. The sole remaining almost intact pre-Linnean
collection is that of Gualtieri (1742), which is owned by the
Department of Zoology, University of Pisa, and can be ex-
amined at the Museo di Storia Naturale e del Territorio, in
the Certosa di Calci, a beautiful old monastery in Calci, 20
km northeast of Pisa (curator Marco Zufh). Gualtieri’s collec-
tion is particularly important for its large number of potential
Linnean types, because Linnaeus (1758, 1767) cited many
of Gualtieri’s (1742) figures as illustrations of his species.
Of course, Adanson’s (1757) collection also has long been
well-known in MNHN, and was described by Fischer-Piette
(1942). Stewart (1930: 35) pointed out that E C. Schmidt
purchased the Bolten collection (described by Roding, 1798)
and at Schmidt’s death, the collection was acquired by the Art
and Natural History Museum of Gotha. A very small num-
ber of Bolten’s shells has been recognized in the Museums
der Natur de Gotha, Germany (Joost, 1990). Lamarck’s
and a few other early collections in MHNG have been de-
scribed by Caillez (1995). The few specimens remaining from
Bruguiere’s collection are also almost all in Geneva, appar-
ently having been acquired by Lamarck, despite the fact that
the French Government purchased Bruguiére’s collection in
1799 for the enormous sum of FF6,000 (Lamy, 1930); almost
no specimens of Bruguiére’s can now be identified in MNHN
(Virginie Héros, pers. comm., 2007). The location of the ma-
terial from Cayenne, Guiana, described in the one-page pa-
per by Bruguiére (1792b) also is unknown, suggesting that it
remained the property of the Société d’Histoire Naturelle de
Paris and is long lost. A few type specimens from Lesson’s de-
scriptions have been recognized in MNHN, along with a few
types from many other early collections, but unfortunately
the holotype of Tritocurris amphytridis (= Cymatium tigrinum)
has not been recognized. Deshayes’ enormous collection is
now at Centre des Sciences de la Terre, Université Claude
Bernard Lyon-1, in Lyon, whereas that of Cossmann is in the
Département de Paléontologie, MNHN, along with many
other types of workers on French fossils. Most types of species
described from the Aquitaine Basin, France, such as those of
Grateloup, are stored in Université de Bordeaux-1, in Talence,
outside Bordeaux, along with some of the types of Cossmann
& Peyrot, among others [collections of Neuville, Duvergier (in
part), Peyrot (in part), Magne, Vergneau-Saubade, and Reyt].
Several other collections containing the types of Cossmann &
Peyrot are in the Muséum d’Histoire Naturelle de Bordeaux
[Benoist, Degrange-Touzin, Duvergier (in part), and Peyrot
(in part)], but many remained in private collections, some of
which are now in MNHN (e.g., the Sylvestre de Sacy collec-
tion, the types of which are now in Malacologie; Marcomini,
1994), but many of which are now lost. A small part of
Menke’s collection was present in Bronn’s collection of Recent
shells, and is now in the Senckenberg Museum, Frankfurt
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(Bronn’s fossils were acquired by Agassiz, and are now in the
Department of Geology, Museum of Comparative Zoology,
Harvard University). Some (most?) of Chemnitz’s apparently
long-lost collection is now known to have been purchased for
Peter the Great, and is in the Zoological Institute, Academy
of Sciences of Russia, in St. Petersburg (Martynov, 2003), al-
though a small number of specimens illustrated by Martini &
Chemnitz belonged to Danish collectors such as Moltke and
Spengler, and is in ZMC. Anton’s collection has now been rec-
ognized in Staatlichen Museums fiir Tierkunde Dresden and
is being recorded by Schniebs (1997, 2000). The late Harald
Rehder (USNM) suggested to me that J. H. Redfield’s col-
lection [among tonnoideans, containing the type material of
Fusitriton oregonensis and Bufonaria thersites (Redfield, 1846)]
might be in the State Museum of New York, in Albany, but
Johnson (20006) reported that it was willed to ANSP — where,
however, these types have not been recognized, presumably
because they belonged in other private collections. The fos-
sils collected by Gay and described by Hupé (1854) from the
Miocene and Pliocene of Chile are stored in the Département
de I'Histoire de la Terre, MNHN, along with several other
South American fossil collections, whereas d’Orbigny’s South
American fossils are stored in Salle d’Orbigny, Département
de Paléontologie, MNHN (Griffin & Nielsen, 2008). The
type material in Dunker’s collection is in SMF and was listed
by Jannsen (1993), although the types of Dunker’s Bursa spe-
cies were from Cuming’s collection and are in BMNH. Type
material of Maury (1917a) from the Dominican Republic is
all available at PRI, whereas much earlier Dominican Republic
material (Gabb and Pilsbry & co-authors) is in ANSE and
that of Sowerby is in the BMNH Palacontology Department.
Perhaps the most important collection from the “heroic
days” of European malacology and paleontology that has not
been available to modern science is that of R. A. Philippi.
It is now known that his collection is stored in the Zoology
Department, Museo Nacional de Historia Natural, Santiago,
Chile (G. Pastorino, Buenos Aires, pers. comm., 2000).

SYSTEMATIC PALEONTOLOGY

ABBREVIATIONS USED IN THE TEXT
AMNH, American Museum of Natural History, New York;
AMS, Australian Museum, Sydney; ANSP, Academy of
Natural Sciences, Philadelphia (Recent Mollusca not pre-
fixed; fossils prefixed “IP”); BMNH, The Natural History
Museum, London; CAS, California Academy of Sciences,
San Francisco, Invertebrate Paleontology collection; CASIZ,
California Academy of Sciences, San Francisco, Invertebrate
Zoology collection; FAU, Florida Atlantic University, Boca
Raton, Florida; GNS, GNS Science, Lower Hutt, New
Zealand (non-New Zealand mollusks prefixed “WM,” Recent

New Zealand mollusks prefixed “RM”); IRSNB, Institut
Royal des Sciences Naturelles de Belgique, Brussels; LACM,
Natural History Museum of Los Angeles Co, Los Angeles,
California (Allan Hancock Foundation collections bear suffix
“-AHF”); LACMIP, Invertebrate Paleontology Department
collections at LACM; MACN, Museo Argentino de Ciencias
Naturales “Bernadino Rivadavia,” Buenos Aires, Argentina;
MCZ, Museum of Comparative Zoology, Harvard University,
Cambridge, Massachusetts; MLE, Museo de La Plata, La Plata,
Argentina; MHNG, Muséum d’Histoire Naturelle de Geneve,
Geneva, Switzerland; MNHN, Muséum National d’'Histoire
Naturelle, Paris; MNR]J, Museu Nacional de Historia Natural
de Brasil, Rio de Janeiro; NHMYV, Naturhistorisches Museum
Wien, Vienna, Austria; NMB, Naturhistorisches Museum
Basel, Switzerland; NMP, Natal Museum, Pietermaritzburg,
South Africa; NMW, National Museum of Wales, Cardiff;
NMNZ, Museum of New Zealand Te Papa Tongarewa,
Wellington; RGM, fossil collections of the Netherlands
Nationaal Museum van Natuurlijke Historie, Leiden (for-
merly Rijksmuseum van Geologie en Mineralogie); RMNH,
Recent mollusk collection of Netherlands Nationaal Museum
van Natuurlijke Historie, Leiden (formerly Rijksmuseum van
Natuurlijke Historie); SDNHM, San Diego Natural Histroy
Museum, San Diego, California; SGO.PI, Museo Nacional
de Historia Natural, Santiago, Chile (fossil collections in
section Paleontologfa Invertebrados); SME Senckenberg
Museum, Frankfurt (am Main), Germany; TEMC, Museo de
Ciencias Naturales, Santa Cruz de Tenerife, Canary Islands;
TU, Tulane University, New Orleans (most material now in
USNM; Dominican Republic material now in PRI; Florida
material in UF); UCMP, University of California Museum
of Paleontology, Berkeley; UE, Florida Museum of Natural
History, University of Florida, Gainesville; USGS, United
States Geological Survey, Washington, DC; USNM, National
Museum of Natural History [formerly United States National
Museum], Washington, DC; UUZM, Museum of Evolution,
Uppsala University, Uppsala, Sweden; ZMA, Zoological
Institute, University of Amsterdam, The Netherlands; ZMC,
Zoological Museum, University of Copenhagen, Denmark.

Dimensions consistently are in mm, and are cited in the
order H (height) and D (width, or maximum diameter). Other
standard abbreviations are: Co = County, Fm = Formation,
frag = fragment(s), and the usual N, S, E, W for north, south,
east, west, and combinations of these. Unless stated other-
wise, all type specimens listed under “Type material” have
been examined by me.

LocavLity Data
All available locality details are provided for fossil specimens
in this work. Many localities, principally in the Dominican
Republic and Panama, for specimens in NMB, TU, and
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USNM are cited in the text by their locality numbers only,
and fuller details, in particular locating them on maps and
sections, will be found in the publications by Saunders e al.
(1986) and Collins & Coates (1999), as well as in the list here
in Appendix 3. I have included locality details of Recent lots
of some of the less common species of Bursidae, Personidae,
and Ranellidae; localities for Recent material are not listed for
Cassidae and Tonnidae, other than completely new records
(Cassis norae, Echinophoria hadra). For Recent records of com-
mon species of Bursidae, Personidae, and Ranellidae, a full list
of all the material examined is too long to cite in full. I have
merely summarized the geographical ranges of these species.

SYSTEMATICS
Phylum MOLLUSCA Cuvier, 1795
Class GASTROPODA Cuvier, 1795
Superfamily TONNOIDEA Suter, 1913 (1825)
(following Bouchet e# al., 2005: 11, 253)

Remarks—The standard classification of the superfamily
Tonnoidea until recently has been that proposed by Thiele
(1929). This classification recently has been modified and ex-
panded by Warén & Bouchet (1990) and, in particular, by
Riedel (1994, 1995, 2000). Following Reidel (1994), the
Ficidae is removed to its own superfamily, Ficoidea, which
contains also the family Thalassocynidae Riedel, 1994 (con-
taining the single genus 7halassocyon Barnard, 1960; but note
that Bouchet ¢f a/. (2005: 250) synonymized Thalassocynidae
with Ficidae). Ficidae of the Dominican Republic are includ-
ed in Appendix 1, but the many other Neogene Ficus species
in tropical America are not covered in this report. The classifi-
cation proposed by Riedel (1995, 2000) was rearranged by me
(Beu, 2008), based on the conclusion on anterior gut glands
by Andrews ez al. (1999: 13) that “Zonna is further removed
from the cassids than Riedel’s (1995) classification implies”
[although Bouchet ez /. (2005: 253), apparently unaware of
Andrews et al’s (1999) conclusion, followed Reidel in includ-
ing Cassidae within the Tonnidae]. The family group taxa rec-
ognised here in Tonnoidea are:
1. Family Bursidae Thiele, 1925
2. Family Laubierinidae Warén & Bouchet, 1990 (= Pisa-
nianurinae Warén & Bouchet, 1990; Beu & Bouchet,
in prep.)
3. Family Personidae Gray, 1854
4. Family Ranellidae Gray, 1854
a. Subfamily Ranellinae Gray, 1854
b. Subfamily Cymatiinae Iredale, 1913 (1854)
5. Family Cassidae Latreille, 1825
a. Subfamily Cassinae Latreille, 1825
b. Subfamily Oocorythinae Fischer, 1885
c. Subfamily Phaliinae Beu, 1981

6. Family Tonnidae Suter, 1913 (1825)

Family Laubierinidae occurs only in the deep sea, has not
been recorded fossil so far within the study area, and is not
considered further. However, the recognition of some fossil
species of Pisanianura within the study area eventually seems

likely.
Family BURSIDAE Thiele, 1925

Remarks.—Riedel (1995) treated Bursidae as subfamily Bursinae
of Ranellidae, but I argued (Beu, 1998a-b) that this expressed
a closer relationship than the evidence allows, and retained
Bursidae as a separate family. Warén & Bouchet (1990: 94)
and Bouchet ez al. (2005: 253) also supported family status
for the Bursidae. The origins of Bursidae are mysterious at
present, as there are few Eocene or older records assignable to
this family, e.g., there are none in the classic Eocene faunas of
the Paris Basin, Indonesia, or the U.S. Gulf Coast. Bursa(?)
saundersi Adegoke (1977: 209, pl. 31, figs 27-28) is the only
possible Paleocene member of the family, but its position is
uncertain because it lacks a posterior siphonal canal. Eocene
species of Marsupina from Peru (Olsson, 1930) and the ge-
nus Olequahia Stewart, 1926 (Beu, 1988: 74, pl. 1, figs 1-9)
in the western U.S.A. are the only convincing Eocene mem-
bers. Bursidae continues to be maintained as a distinct family
here.

Genus BURSA Rading, 1798

Bursa Réding, 1798: 128. Type species (by subsequent designation,
Jousseaume, 1881: 174): Bursa monitata Réding, 1798 (= Murex
bufonius Gmelin, 1791, by first reviser’s action of Winckworth,
1945: 137), Recent, Indo-West Pacific.

Lampadopsis Jousseaume, 1881: 175. Type species (by original des-
ignation): Ranella rhodostoma G. B. Sowerby 11, 1835, Miocene
to Recent, Indo-West Pacific and eastern and western Atlantic
[Lampasopsis Jousseaume, 1881, justifiably emended to the geni-
tive form by Fischer (1884b: 656)].

Colubrellina Fischer, 1884b: 656. Type species (by monotypy):
Ranella candisata Lamarck, 1822 (= Murex conditus Gmelin,
1791), Recent, western Pacific.

Talisman de Folin, 1884: 212. Type species (by monotypy): Talisman
parfaiti de Folin, 1884 (= larval shell of Bursa scrobilator
(Linnaeus, 1758), B. corrugata (Perry, 1811) or Aspa marginara
(Gmelin, 1791); Warén & Bouchet, 1990: 94).

Pseudobursa Rovereto, 1899: 6. Unnecessary replacement name for
Bursa Rdding, 1798.

Bufonariella Thiele, 1929: 284. Type species (by monotypy): Murex
scrobilator Linnaeus, 1758, Pliocene to Recent, Mediterranean
and eastern Atlantic; Pliocene and Pleistocene, Atlantic tropical
America.

Dulcerana Tredale, 1931: 213 (unavailable; no differentiation from
related taxa).
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Annaperenna Iredale, 1936: 310. Type species (by original designa-
tion, Iredale, 1936: 337): Ranella verrucosa G. B. Sowerby I,
1825, Recent, southwestern Pacific.

Dulcerana Oyama, 1964: 332. Type species (by original designa-
tion): Tritonium granulare Réding, 1798, Pleistocene and
Recent, Indo-West Pacific, eastern and western Atlantic, and
eastern Pacific (Clipperton Island).

Tritonoranella Oyama, 1964: 332. Type species (by original designa-
tion): Triton ranelloides Reeve, 1844, Pliocene to Recent, eastern
and western Atlantic, South Africa, Indian Ocean, Hawaii, and
Japan-Taiwan.

Remarks.—1 reconsidered (Beu, 1998b) the criteria previously
used to subdivide the genus Bursa into subgenera, and con-
cluded that, rather than hard-and-fast, “landmark” characters
that could be used to subdivide it objectively, all characters
that have been used by previous authors, including me (Beu,
1981), are matters of degree and form part of a broad char-
acter suite, which there is no means of subdividing without
resorting to subjective assessments that will always leave some
species in an unclear position. The single genus Bursa there-
fore was used for all Bursidae with an operculum that has an
anterior terminal nucleus, with rather evenly inflated (as op-
posed to dorsoventrally compressed) shells, and with varices
either aligned on opposing sides of the spire (at each 180°) or
at each two-thirds of a whorl (at each 240° around the spiral).
This usage is continued here.

The species with varices at each 240° and a red parietal area
[Bursa ranelloides (Reeve, 1844) and the B. latitudo Garrard,
1961 species group, including B. natalensis; both discussed
below] seem to be closely related phylogenetically, and might
well constitute a distinct clade (for which genus or subgenus
Tritonoranella Oyama, 1964, is available), but only a molecu-
lar study will resolve their phylogeny, and the stazus quo is re-
tained until this is available. Also, the uncommon Indo-West
Pacific species Bursa fosteri Beu, 1987, is similar to B. latitudo
in most characters, but is smaller and has a more standard
Bursa protoconch (shorter than in B. latitudo) and more near-
ly resembles other, more typical species of Bursa. Also, com-
ments in the descriptions (below) on the variceal positions of
several other Bursa species show that several species (e.g., B.
scrobilator) have their varices a little offset down most of the
teleoconch, and in several others (e.g., B. granularis, B. chipo-
lana) the varices gradually change from strictly aligned on ear-
ly spire whotls to more widely offset over the last few whotls.
This indicates that variceal position intergrades in Bursa, and
is not a useful character distinguishing clades.

Few radulae of Bursidae have been illustrated to date, but
those that have (Beu, 1981; Ekawa & Toki, 2005) show subtle
but consistent differences in tooth shape and the prominence
of the interlocking basal hooks between the genera recognized
here. Further study of radulae undoubtedly would help un-

derstanding of the classification of the family.

Bursa amphitrites Maury, 1917
PL 1, Figs 1-4, 8

Bursa amphitrites Maury, 1917a: 273, pl. 17, fig. 9; Pilsbry, 1922:
360.

Not Bursa (Colubrellina) caelata amphitrites. Woodring, 1959: 207,
pl. 28, figs 1-2, 7-8; Jung, 1965: 513, pl. 68, figs 12-13; pl. 69,
fig. 2; Perrilliat, 1972: 76, pl. 37, figs 12-15 [= Bursa rugosa (G.
B. Sowerby II, 1835)].

Not Bursa amphitrites. E. Vokes, 1973: 100 [in part = Marsupina
bufo (Bruguiere, 1792)].

Not Bursa (Colubrellina) caelata amphitrites. Aguilar, appendix in
Seyfried er al., 1985: 64 (= Marsupina judensis n. sp.; not il-
lustrated).

Not Bursa amphitrites. Petuch, 1992: 108, fig. 3G [= Bursa rugosa
(G. B. Sowerby II, 1835)].

Not Bursa (Lampasopsis) (sic) amphitrites. Petuch, 1994: 120, pl. 39,
figs L-M; Petuch, 1997: 224, fig. 83] [= Bursa rugosa (G. B.
Sowerby II, 1835)].

Remarks.—The Dominican Republic Miocene and Pliocene
collections, including Maury’s type material of Bursa amphi-
trites, and extensive collections now available from through-
out the tropical American region show that B. amphitrites is
a relatively large, coarsely sculptured species that is less dor-
soventrally compressed than most other tropical American
Bursa species, and so is most similar to B. chipolana Schmelz
(1997: 105, pl. 1) of other named species. Specimens are
referred here to B. amphitrites only from the Dominican
Republic and from the Buenevara Adentro beds (Gibson-
Smith & Gibson-Smith, 1979; early Middle Miocene) of the
Paraguand Peninsula, Venezuela. The holotype (PL. 1, Figs 2,
8) has numerous small, rounded nodules around the shoulder
angle, a moderately coarse row of nodules around the second
primary spiral cord, and a row of coarse, even granules in the
center of each spiral interspace; specimens resembling the ho-
lotype or that are even more finely sculptured occur in both
the Dominican Republic and Buenevara Adentro collections.
However, the majority of specimens is more coarsely sculp-
tured than the holotype, with relatively few, large, rounded
nodules around the shoulder angle and smaller granules in the
spiral interspaces. The spire height also is quite variable, rang-
ing from significantly shorter than the holotype (PL. 1, Fig. 1)
to significantly taller (Pl. 1, Fig. 4). The species therefore dif-
fers from B. chipolana in its slightly to markedly more numer-
ous shoulder nodules, its less strongly twisted anterior canal,
producing a fasciole that is less obviously curved out to the
left than in B. chipolana, in having lower varices that are less
obviously buttressed by the spiral cords, and in therefore hav-
ing an overall less extreme, slightly to markedly more weakly
sculptured appearance.
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The most common fossil Bursa species in the Caribbean
area and Panama has consistently been identified as B. am-
phitrites or, perhaps more frequently, as B. caelata ampbhitrites
[e.g., Woodring (1959: 207, pl. 28, figs 1-2, 7-8), Gatun Fm,
Panama; Jung (1965: 513, pl. 68, figs 12-13; pl. 69, fig. 2),
Cantaure Fm, Paraguand Peninsula, Venezuela). These authors
included in the synonymy of B. caelata amphitrites Rutsch’s
(1934: 58, text-fig. 7, pl. 3, figs 3-4) name B. (Marsupina) al-
bofasciata boussingaulti, from the Pliocene Punta Gavildn Fm
in Venezuela. However, it is concluded here that (a) Rutsch’s
species is actually B. rugosa (G. B. Sowerby 11, 1835), and he
was correct to distinguish it from both B. corrugata (Perry,
1811) (= B. caelata Broderip, 1833) and B. amphirrites, and
(b) the common Bursa species at most Panama and Caribbean
Miocene and Pliocene localities is not B. amphitrites, but is
B. rugosa. The type locality of B. rugosa is supposedly Manila,
Philippine Islands, but it is actually the abundant living Bursa
species in the eastern Pacific, despite only having been record-
ed from there previously by me (Beu, 2001). Keen (1971)
seems to have confused B. rugosa with B. calcipicta Dall, 1908,
a deep-water form concluded below to have been based on
immature specimens of Crossata ventricosa (Broderip, 1833)
(see PL. 8, Figs 3-4). However, Olsson (1924: 124), when re-
cording modern specimens from Peru and Ecuador, reached
the correct conclusion when he noted that “my specimens ...
appear to be closest to the B. rugosa Sowerby from Manila,
according to Sowerby’s figure.”

The dorsoventrally compressed, more strongly nodulose
species Bursa pelouatensis (Cossmann & DPeyrot, 1924), il-
lustrated by Schmelz (1997: pl. 1, figs 2a-c), seems unlikely
to be related to either B. amphitrites or B. chipolana, in any
close phylogenetic sense. On the other hand, B. amphitrites is
similar to such living western Atlantic species (described be-
low) as B. natalensis Matthews & Coelho, 1970, B. ranelloides
(Reeve, 1844), and the very widespread B. granularis (R6ding,
1798). A single, slightly incomplete, weakly sculptured, un-
usually tall-spired Dominican Republic specimen (Pl. 1, Fig.
4), referred with some hesitation to B. amphitrites, is almost
as tall and finely sculptured as modern specimens of B. na-
talensis, indicating a possible close phylogenetic relationship
between these species. As a whole, B. amphitrites bears a close
resemblance to the taller, narrower, and usually more finely
sculptured living species B. granularis. Because B. granularis
is known as fossil only from Pleistocene rocks, a phylogenetic
relationship between these species also is feasible.

Dimensions.—Holotype: H 46.4, D 29.3 mm; TU 1231,
Dominican Republic: H 38.1, D 26.7 mm; TU 1293,
Dominican Republic: H 53.8, D 32.1 mm; TU 1278,
Dominican Republic, tall specimen resembling Bursa natal-
ensis: H 60.9, D 33.0 mm.

Types.—Bursa ampbhitrites, holotype PRI 28763, from Bluff

3, Cercado de Mao, Dominican Republic; Cercado Fm, Late
Miocene. Maury (1917a: 110) recorded material also from
“Rio Amina, between Hato Viejo and Potrero,” but this was
not identifiable in the PRI collection when I examined it.

Other material examined.—Fossils: Dominican Republic:
Late Miocene: Gurabo Fm: NMB 16910 (1); Bluff 1 of
Maury, Rio Mao, collected M. Taviani (Institute of Zoology,
University of Bologna, 2; one with more widely flared aperture
than usual). Late Miocene/Early Pliocene: Gurabo Fm: TU
1231 (GNS WM16925, 1, shoro); 1292 (GNS WM18852, 1
frag); 1293 (GNS WM16933, 1; GNS WM18850, 1); USGS
8519 (2); 8528 (1). Early Pliocene: Gurabo Fm: Maury’s
loc. 200, “zone D,” Rio Gurabo (PRI, 1); TU 1219 (GNS
WM18851, 2 frag); 1227 (GNS WM16919, 2); 1278 (GNS
WM18849, 1, tall-spired, resembling Bursa natalensis); 1215,
Gurabo Fm, Rio Gurabo, collection of Bernard Landau (1);
1219, Rio Amina, collection of Bernard Landau (1); 1354,
Gurabo Fm, Cafada de Zamba, collection of Bernard Landau
(1). Venezuela: Early Middle Miocene: NMB 17527,
Buenevara Adentro beds (12).

Distribution.—Bursa ampbhitrites is recorded here only
from the Late Miocene to Early Pliocene Gurabo Fm of the
Dominican Republic and the early Middle Miocene Buenevara
Adentro beds of the Paraguand Peninsula, Venezuela.

Bursa asperrima Dunker, 1862
PL 1, Fig. 9

Bursa asperrima Dunker, 1862: 238; 1863: 57, pl. 19, figs 5-6; Yen,
1942: 217, pl. 19, fig. 114; Emerson, 1991: 68; 1994: 69; Finet,
1994: 41; Beu, 1998b: 146, fig. 43f; Kaiser, 2007: 39, pl. 26,
figs 5a-b.

Ranella cruentata. Stearns, 1893: 347 (not Ranella cruentata G. B.
Sowerby II, 1835).

Bursa cruentata. Hertlein & Allison, 1960: 15; Cernohorsky, 1970:
180 (in part); Salvat & Rives, 1975: 307, fig. 180; Okutani,
1986: 116-117, middle fig. second column; Okutani, 2000:
269, pl. 133, fig. 5 (not Ranella cruentata G. B. Sowerby 11,
1835).

Lampadopsis cruentata. Oyama & Takemura, 1963: Lampadopsis-
Tutufa pl. 1, fig. 5 (not Ranella cruentata G. B. Sowerby II,
1835).

Bursa (Bursa) asperrima. Beu, 1985: 63; Cossignani, 1994: 43;
Kaiser, 1997: 32.

Remarks.—1 pointed out (Beu, 1998b: 146, fig. 43f) the few,
slight, distinguishing characters of Bursa asperrima and noted
that the most telling evidence for its status as a species sepa-
rate from the common, widespread, Indo-West Pacific B. cru-
entata is their only partly sympatric ranges. Bursa asperrima
occurs commonly at Clipperton Island, eastern Pacific, where
B. cruentata has not been collected. Bursa asperrima also is
the species present at most of the island groups of eastern
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French Polynesia (e.g., common in MNHN material from the
Tuamotu Islands), whereas it is replaced by B. cruentata in
the Marquesas Islands (Beu, in prep.). Emerson (1991) gave
detailed locality data for the eastern Pacific records, adding
records of two specimens from the Galdpagos Islands. The
shells of the two species differ mainly in B. asperrima lacking
the dark red-brown to almost black bars on the parietal area
of the inner apertural lip of B. cruentata. Other slight differ-
ences that seem to be constant are the wider shell of B. asper-
rima than of B. cruentata, especially at the periphery, and the
more protruding outer-lip digitations in B. asperrima than in
B. cruentata.

Dimensions.—Lectotype of Bursa asperrima: H 38.6, D
29.7 mm; WM12441, GNS, off of Nanakuli, Oahu, Hawaii:
H 44.6, D 33.3 mm; NMP K.2826, Pitcairn Island: H 48.5,
D 40.8 mm; GNS WM18460, Clipperton Island: H 34.1, D
25.3 mm; H 30.6, D 24.1 mm.

Tjpes.—Lectotype of Bursa asperrima, Dunker’s (1863:
pl. 19, figs 5-6) figured syntype, BMNH 1968566/1, from
the Cuming collection, designated by Yen (1942: 217); two
paralectotypes, BMNH 1968566/2-3. The type locality was
stated to be “China,” but this seems likely to be one of Hugh
Cuming’s many “misremembered” localities, as there are no
subsequent records from China; the most likely source for
Cuming’s specimens is Hawaii, although they could also have
come from anywhere in eastern Polynesia. The type locality is
here designated as Hawaii.

It should be noted that Hugh Cuming was famous for “re-
membering” in suspicious detail all the otherwise unrecorded
localities for his 83,000 specimens, and history has shown
that he was more usually wrong than right. Hedley (1913:
165) complained that Cuming was an “illiterate sailor,” who
convinced the well-known 19" century iconographers to
describe his new species through sheer force of character, al-
though Dance (1966: 164) refuted the charge of illiteracy.
I discussed (Beu, 2006: 171-172) Cuming’s localities, con-
cluding that all are suspect unless verified by more recently
collected material. The question is raised again several times
through this monograph, because of such species as Monoplex
amictus (Reeve, 1844) and Bursa rugosa G. B. Sowerby 1I,
1835, both said by Reeve and Sowerby (following Cuming)
to be from the Philippines, but actually occurring only in the
eastern Pacific.

Other material examined.—Recent: Clipperton Island:
beach (B-4237, UCMP, 8); 10 m (B-6111, UCMP, 1); 40 m
(B-6120, UCMP, 1); [no further data] (B-6551, UCMP, 1);
[no further data] (B-6553, UCMD 1); 5 May 1959 (LACM,
C.19, 1); scuba, 15 m, under coral on coral reef terrace (GNS
WM18460, 3).

Distribution.~1 am not aware of any fossil record. Bursa
asperrima occurs throughout the eastern and western Pacific

Ocean, but I am not aware of records from the Indian Ocean
or from the Atlantic. It is common by itself (i.c., without B.
cruentata) at Clipperton Island, eastern Pacific (Hertlein &
Allison, 1960; Kaiser, 2007: 39, pl. 26, figs 5a-b, recording
material and several earlier misidentifications), and in east-
ern French Polynesia (Beu, in prep.), but is replaced by B.
cruentata in the Marquesas Islands, and seems to be as com-
mon as B. cruentata in Hawaii, but is exceedingly rare fur-
ther west in the western Pacific. Stearns (1893: 347) recorded
Ranella cruentata Sowerby (i.e., Bursa asperrima) from the
American coast in the eastern Pacific: near Cape San Lucas,
Baja California Sur, in 56 m, 22°52’N, 109°55’E (USNM
125665), and at Utila Island, Honduras. Emerson (1991:
table 1) also recorded specimens from the Galdpagos Islands
(two specimens in CAS, from Jervis and James islands).
A single specimen from Pitcairn Island is present in NMP
(K2826). The only records from west of Hawaii that [ am
aware of are the specimens illustrated by Oyama & Takemura
(1963: Lampadopsis-Tutufa pl. 1, fig. 3), from Hachijo Island,
southern Japan, and by Okutani (1986: 117; 2000: pl. 133,
fig. 5), presumably also from southern Japan. An occurrence
at Niue Island seems to be indicated by Cernohorsky’s (1970:
180) record of specimens with and without “distinct black
columellar bars.” Salvat & Rives (1975: 307, fig. 180) il-
lustrated specimens from Makemo Island, Tuamotu Islands,
where it is moderately common. Bursa asperrima seems to be
basically a far-eastern western Pacific species [like Monoplex
intermedius (Pease, 1869), Septa peasei Beu, 1987, Bursina no-
bilis (Reeve, 1844) and Distorsio graceiellae Parth, 1989; Beu,
in prep.], in the case of B. asperrima extending rarely to the
eastern Pacific mainland. It occasionally extends its range to
the west as planktotrophic larvae, but apparently is essentially
out-competed by the closely similar B. cruentata to the west
of its normal range.

Bursa chipolana Schmelz, 1997
PL 1, Figs 5-7, 10

Bursa (Bufonariella) pelouatensis. Vokes, 1973: 97, text-fig. 2 (not
Ranella pelouatensis Cossmann & Peyrot, 1924).

Bursa (Bufonariella) chipolana Schmelz, 1997: 105, pl. 1, figs la-c;
pl. 2, figs 1a-b, 2a-b; Vokes, 1997: 212.

Remarks.—Vokes (1973) pointed out the similarity of some fine
material of Bursa from the Chipola Fm (late Early Miocene)
of Florida to Bursa pelouatensis, from the Early Miocene of the
Aquitaine Basin, France, and identified the Chipola material
as B. pelonatensis. However, Schmelz (1997) compared further
Chipola material with specimens of B. pelounatensis from the
Aquitaine Basin (Schmelz, 1997: pl. 1, fig. 2a-c) and dem-
onstrated significant differences between them. He therefore
described the Chipola material as a new species.
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It is clear from Schmelzs figures and from material of
Bursa chipolana examined by me that Schmelz’s action was
well justified. Bursa chipolana does not seem to be related to B.
pelouatensis in any close phylogenetic sense, but shares many
characters with endemic American Bursa species, particularly
B. rugosa. The strongly out-curved siphonal fasciole and widely
flared, very strongly armed inner and outer apertural lips, the
deeply semitubular, posteriorly extended posterior canals, the
prominence of the varices, and the overall style of coarsely ru-
gose sculpture are characters common to the two species. The
most significant difference between the two is in the width
and prominence of the spiral cords. The cords are markedly
wider in B. chipolana than in B. rugosa, and form particularly
prominent, wide nodules, with interspaces narrower than the
nodules, where they cross the varices; the cords are narrower
in B. rugosa, so that the interspaces are wider than the cords.
Bursa chipolana also reaches a larger size than B. rugosa. There
are also fewer, larger, more prominent nodules on the shoul-
der angle in B. chipolana than in B. rugosa. The wide spiral
cord at the shoulder angle, raised into large nodules, also is
more obviously subdivided by a weak median spiral groove
in B. chipolana than in B. rugosa. These differences are slight
enough to suggest the possibility that B. chipolana might have
been the direct ancestor of B. rugosa. Most of the distinguish-
ing characters are shared also with the younger and smaller,
endemic western Atlantic species B. grayana Dunker, 1862
which, however, has markedly shorter posterior canals than
either B. chipolana or B. rugosa.

Dimensions.—Holotype, H 46.0, D 29.0 mm (Schmelz,
1997); paratype, USNM 647108, from TU 547: H 48.2, D
31.6 mm.

Types.—Bursa (Bufonariella) chipolana, holotype UF 73199,
from TU 546, Chipola Fm, Tenmile Creek, 3 km west of
Chipola River, Calhoun Co, Florida (not seen); figured para-
type USNM 647108, from TU 547, west bank Chipola River
600 m upstream from Fourmile Creek, Calhoun Co (PL. 1,
Figs 6-7; specimen figured by Vokes, 1973: text-figs 2a-b);
figured paratype UF 73200, from TU 951, Tenmile Creek,
Calhoun Co; 9 further paratypes from localities on or near the
Chipola River listed by Schmelz (1997).

Other material examined.—Fossils: Florida: Late Early
Miocene, Chipola Fm: TU 547, W bank Chipola River,
second specimen accompanying paratype illustrated by
Vokes (1973), USNM 647108; TU 546, basal bed, Tenmile
Creek, Calhoun Co, collection of Bernard Landau (1); TU
830 (GNS WM16949, 4 frag); TU 951 (GNS WM16948, 2
incomplete); frags also seen in Chipola collections, TU 546,
787, 1051, and 1098.

Distribution.—Bursa chipolana is recorded only from the
Chipola Fm (late Early Miocene) on and near the Chipola
River, Calhoun Co, Florida, USA.

Bursa corrugata (Perry, 1811)
PL 1, Figs 11-13; PL. 2, Figs 1-4, 6-7

Biplex corrugata Perry, 1811: pl. 5, fig. 1.

Ranella semigranosa Lamarck, 1822: 153; Kiener, 1841: 19, pl. 11,
fig. 2; Deshayes, 1843: 548; ?Coulon, 1933: 137.

Ranella caelata Broderip, 1833: 179; G. B. Sowerby II, 1835: pl. 85,
fig. 8; Deshayes, 1843: 554; Reeve, 1844b: pl. 3, fig. 10; C. B.
Adams, 1852: 118.

Ranella ponderosa Reeve, 1844b: pl. 3, fig. 14; 1844d: 137.

Ranella pustulosa Reeve, 1844b: pl. 3, fig. 11; 1844d: 137.

Ranella (Apollon) caelata. Mdrch, 1860: 81.

Ranella (Lampas) corrugata. Morch, 1877: 24.

Ranella calata (sic). Coulon, 1933: 137.

Bursa pustulosa var. jabik Fischer-Piette, 1942: 216.

Bursa caelata louisa M. Smith, 1948: 28, pl. 9, fig. 4.

Bursa (Colubrellina) corrugata. Abbott, 1954: 198, pl. 9, fig. k; 1958:
60, text-fig. 2, pl. 1, fig. i; Warmke & Abbott, 1962: 103, pl.
18, fig. m; Coelho & Matthews, 1971: 51, figs 9-10; Rosewater,
1975: 18, fig. 8; H. & E. Vokes, 1983: 23, pl. 11, fig. 13; Rios,
1985: 79, pl. 28, fig. 345.

Bursa (Colubrellina) caelata. Hertlein & Strong, 1955b: 263.

Bursa mexicana Perrilliat, 1963: 19, pl. 4, figs 18-19.

Bursa corrugata. Kaufmann & Gétting, 1970: 372, fig. 88; Abbott,
1974: 167, pl. 7, fig. 1780 (as B. caclata in plate caption); Rios,
1975: 81, pl. 22, fig. 330; Cosel, 1984: 221; Calvo, 1987: fig. 82
(radula); Leal, 1991: 110 (not pl. 16, figs C-D); Lipe & Abbott,
1991: 14, illus.; Paulmier, 1994: 9, fig. 22; Diaz & Puyana,
1994: 174, fig. 649.

Bursa caelata. Keen, 1971: 508, fig. 964; Finet, 1991: 270.

Bursa pustulosa. Burnay & Monteiro, 1977: 34, fig. 27.

Bursa (Colubrellina) corrugata corrugata. Beu, 1985: 64; Cossignani,
1994: 69; Kaiser. 1997: 33; Lépez de la Fuente & Ramos, 2004:
86; Kaiser, 2007: 39, pl. 26, figs 6a-b.

Bursa (Colubrellina) corrugata ponderosa. Beu, 1985: 64; Cossignani,
1994: 70; Rios, 1994: 92, pl. 31, fig. 363; Redfern, 2001: 57,
pl. 29, figs 246A-B.

Bursa (Colubrellina) corrugata pustulosa. Beu, 1985: 64; Cossignani,
1994: 71-72.

Bursa corrugata corrugata. Hickman & Finet, 1999: 73, fig. 66.

Bursa (Bursa) corrugata pustulosa. Guerreiro & Reiner, 2000: 118-
119.

?Bursa (Colubrellina) cf. corrugara. Macsotay & Campos Villarroel,
2001: 70.

Bursa (Colubrellina) granularis cubaniana. Macsotay & Campos
Villarroel, 2001: 70, pl. 13, fig. 5 (not Bursa granularis Roding,
1798).

Bursa corrugata pustulosa. Ardovini & Cossignani, 2004: 132, upper
right fig. and central left 2 figs.

Remarks.—Bursa corrugata is a distinctive, widespread species,
similar to the other relatively tall and narrow species of Bursa,
such as B. granularis, in shape and general appearance. Most
specimens have the varices extended more widely (i.e., they are
markedly more prominent) than in B. granularis. The external
sculpture is highly variable, ranging from an almost complete-
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ly smooth surface, to bearing only 3-5 large, rounded nodules
in one peripheral row in each intervariceal interval, to coarse-
ly, closely, and evenly granulose, with numerous similar rows
of small, obvious, subrectangular nodules, 4 or 5 rows on the
last whortl and 2 on the spire. The most distinctive characters
are seen in the aperture, which (at least in large specimens) has
much more widely flared lips, and in particular the outer lip,
than any other Bursa species discussed here. It also bears nu-
merous, narrow, prominent ridges on the inner part of both
lips, and a unique sculpture of many small, narrowly rounded
nodules on the outer areas of both lips. A further distinctive
character of modern specimens is the color pattern, which is
almost uniform pale to dark brown, including the aperture —a
unique character among American Bursa species — with five
or more markedly paler to white nodules on the varices and,
on some specimens, slightly to markedly darker-brown spiral
bands coinciding with the spiral cords.

Some authors have maintained that the distribution of the
sculptural variants has a geographical expression [E. A. Smith,
1890a; Tomlin & Shackleford, 1914; Cooke, 1916b: 8 (but
note that Cooke regarded Bursa “caelata” as limited to Pacific
Panama); reviewed by Hertlein & Strong, 1955b: 264], and
subspecies, or even separate species, have therefore been rec-
ognized in Panamic western America, in the western Atlantic,
and in West Africa. Certainly, there is a tendency for the
smoother forms, with relatively few large, rounded peripheral
nodules, or with no nodules at all, to be more common at
Ascension Island and in West Africa than they are in east-
ern or western America. However, the collections that I have
examined all include a large proportion of finely and evenly
granulose specimens, so that it is impossible to say with any
certainty where most specimens came from without knowing
the locality. This problem becomes particularly obvious when
trying to determine the localities of early-named taxa, most of
which have unlocalized type specimens; it is impossible to say
which of the early names should be applied to which subspe-
cies, if subspecies are to be recognized. The range of variation
seems to me to be too great for subspecies to have any sig-
nificance in B. corrugata. It also appears likely that the east-
west gradient in nodule prominence and surface smoothness
is regular enough in B. corrugata to constitute a cline, and it is
desirable not to subdivide a cline formally with Latin names.
Forms in this complex are illustrated excellently in color on
a recent web page (http://www.femorale.com.br/shellphotos,
last accessed 28 April 20006).

A rather surprising point about Bursa corrugata is its poor
fossil record in the Americas. The collections examined here
include no pre-Pleistocene fossils from the western Atlantic
region, apart from a few records from the Pliocene of the
Isthmus of Tehuantepec, Mexico, and a few records from the
Pliocene and Pleistocene of the Galdpagos Islands. However,

the Oligocene B. victrix Dall, 1916 (see below), is closely
related to, or perhaps even conspecific with, B. corrugata,
and the very similar Tritonium edentatum Gabb, 1877, pos-
sibly is even a Late Cretaceous relative (see under B. victrix).
Therefore, rather than implying that this extremely widespread
species has somehow achieved its distribution very recently
(after the uplift of the CAI! — obviously impossible with its
pan-American distribution), this poor fossil record apparently
results from a more strictly intertidal habitat than most other
bursids; the poor preservation potential of intertidal taxa is
familiar to all paleontologists.

This makes it all the more surprising, though, that an ex-
ceedingly closely similar form to Bursa corrugata is common
and widespread as a Miocene and Pliocene fossil in Europe:
B. papillosa (Pusch, 1837) (e.g., Baluk, 1995: 209, pl. 18, figs
1-3). The specimens illustrated by Baluk (1995) have rather
short spires compared with Recent specimens of B. corrugata,
but other specimens are so closely similar (e.g., those illus-
trated by Hoernes & Auinger, 1879: pl. 23, figs 6-9) that spe-
cific distinctions are not obvious. I have examined Hoernes
& Auinger’s (1879) material, from Lapugy, Transylvania,
Middle Miocene (NHMV 1854/35/165, 4; 1868/1/435, 1;
1890/33/76, 3; 1874/25/23,2; 1863/15/171, 2; 1858/43/37,
1) and further material of B. papillosa has been examined at
SME, and I am unable to distinguish it from Recent specimens
of B. corrugata. Another surprising fossil record of B. corru-
gata therefore is worth recording here; two specimens were
collected by Paolo Crovato (Naples) from the late Pleistocene
(Tyrrhenian) conglomerate at Reggio Arangea, opposite
Messina in southwestern Italy (one in GNS, WM17065).
This species evidently (briefly) extended its range to include
the Mediterranean Sea late in Pleistocene time, but could well
merely have been returning to an area it inhabited through-
out Miocene and Pliocene times. The extinction of deep-
water corals and mollusks in the Mediterranean during early
Holocene time, probably as a result of impoverished produc-
tivity following post-glacial warming, has been discussed by
Rafhi & Taviani (1984), and B. corrugata possibly was another
taxon to reflect this phenomenon. Bursa corrugata is bio-
geographically unique in its long time range and very wide
geographical range (e.g., it is the one tonnoidean species still
remaining indistinguishable — at least on shell characters — on
the two sides of the Isthmus of Panama following uplift of
the Isthmus), and a genetic study of the Recent populations
would be helpful.

Specimens recorded from Miocene and Pliocene localities
in the western Pacific as Bursa corrugata (e.g., van Regteren
Altena, 1942: 107: Kendeng beds of Java, Pliocene) have been
examined at RGM, and are all based on B. granularis. 1 am not
aware of any authentic fossil or Recent records of B. corrugata
from the Indo-West Pacific region.
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Dimensions.—Ranella caelata, lectotype: H 50.1, D 33.3
mm; paralectotypes: H 58.2, D 39.2 mm, and H46.3, D 32.5
mm; R semigranosa, lectotype: H 40.8, D 25.2 mm, paralec-
totype: H 31.7, D 21.3 mm; R. ponderosa, lectotype: H 67.2,
D 43.1 mm; R pustulosa, lectotype: H 54.0, D 42.9 mm;
Bursa mexicana, holotype: H 36.0, D 21.4 mm; TU 1046,
Agueguexquite Fm, figured specimen, NMB H 17890, from
type locality of B. mexicana: H 32.8, D 21.2 mm; St. Helena,
BMNH 1909.8.10.1-2: H 83.4, D 58.8 mm; H 72.5, D 46.6
mm.

Types.—Biplex corrugata, no original material known (as
for all of Perry’s Ranellidae and Bursidae; Beu, 1998b: 16).
Ranella semigranosa, lectotype designated by me (Beu, 1998b:
154), the specimen illustrated by Kiener (1841: 19, pl. 11,
fig. 2) and by Cossignani (1994: 77, top left 2 figs), MHNG
1098/86/2, with one paralectotype, MHNG 1098/86/1,
both labeled “Amer. centr.”; it is impossible to tell whether
they are from the western or eastern coast of America, and a
type locality is not selected here. Ranella caelata, 3 syntypes
BMNH 1950.11.28.7-9, from “Panama,” i.c., Panama Bay,
eastern Pacific; the medium-sized syntype (H 50.1, D 33.3
mm) is labelled “holotype” and is the specimen figured by
Reeve (1844b: pl. 3, fig. 10). This specimen is here designated
the lectotype of R. caelata and the neotype of Biplex corrugata
DPerry, 1811. Ranella ponderosa, one “possible syntype” BMNH
1967654, unlocalized, not Reeve’s (1844b) figured specimen.
This form was based on relatively large specimens with little
sculpture other than one row of large nodules at the periphery,
and with a widely flared outer lip. Again, it is impossible to
tell which coast of America this specimen was collected on,
although large specimens of this type have mostly been col-
lected from Florida and the West Indies during the 20™ cen-
tury; a type locality is not selected here. Ranella pustulosa, 3
syntypes BMNH 1967653, from Ascension Island; the small-
est, slightly incomplete syntype is that illustrated by Reeve
(1844b: pl. 3, fig. 11). This form was based on relatively small,
sparsely nodulose specimens of a deep maroon-brown color,
which tend to predominate in collections from Ascension and
West Africa. Bursa pustulosa var. jabik, holotype in collection
Adanson, MNHN, from Sénégal, West Africa. This variety,
proposed from among the names erected by Adanson (1757),
is based on West African specimens of the sparsely nodu-
lose variety that was also named Ranella pustulosa by Reeve
(1844b). Bursa caelata louisa, repository of type material un-
known, presumably originally in the private collection of M.
Smith; type locality “Perlas Archipelago, Gulf of Panama’;
proposed as a “subspecies” in the sense of variety, because
Smith (1948: 28) also recorded B. caelata from “Panama and
the coasts of central America,” and differentiated B. caelata
louisa as “a smaller and more compact form than the typical
caelata.” Bursa mexicana, holotype in Universidad Nacional

Autonoma de Mexico, Instituto de Geologia, no. 1109-G
(Perrilliat, 1963: 43), not seen; from the Agueguexquite Fm
(Pliocene), Isthmus of Tehuantepec, Mexico. Perrilliat (1963)
differentiated her species from Recent specimens of “Bursa
caelara” by trivial differences in the sculpture, which is highly
variable in this species; her illustration clearly shows B. corru-
gata, and specimens collected from the type locality of B. mex-
icana by E. & H. Vokes (TU 1046) are typical, if small and
thin-shelled, specimens of B. corrugata, closely resembling the
Recent specimen from Clipperton Island illustrated by Kaiser
(2007: 39; pl. 26, figs 6a-b).

Other material examined.—Recent: E Pacific: 103 lots at
AMNH, GNS, LACM, RMNH, SME, ZMA, BMNH; from
W Mexico (northernmost: 10-20 m, Saladita Cove and first
cove to north, near Guaymas, Sonora, 27°53’15”N, 110°58’W,
LACM 68-27, 1), Nicaragua, W Costa Rica, W Panama, W
Colombia, Ecuador and Peru (southernmost: 2-10 m, rocks
and sand, Isla Lobos de Afuera, Peru, 06°57.1°S, 80°42.3’W,
LACM 74-6, 1). W Atlantic: 85 lots at AMNH, ANSP,
BMNH, C. J. Finlay collection (now at FAU), DMNH, GNS,
LACM, MCZ, RMNH, SME USNM, ZMA; from Florida
(northernmost: 10 m, off of Palm Beach, AMNH 125514,
1), Bahamas, Atlantic Costa Rica, Cuba, Jamaica, Cayman
Islands, Dominican Republic, Puerto Rico, Antillean Islands
(St. Croix, Tobago, Grenada, St. Barthelemy, Martinique,
Antigua, Dominica, Barbados), Aruba, Bonaire, Curagao,
Colombia, Venezuela, Guiana, and Brazil (southernmost:
Bahia de Todos Santos, Bahia, ANSP 263514, 1; and Maceio,
Algoes, LACM 31446, 1). Central Atlantic: St. Helena: 11
lots (BMNH, 3 lots; GNS, 1 lot; MCZ, 2 lots; MNHN, 1 lot;
NMP, 1 lot; USNM, 3 lots). Ascension: 6 lots (Dautzenberg
collection, IRSNB, 1 lot; BMNH, 1 lot; MCZ 136156, 2 lots;
USNM, 2 lots). E Atlantic: 69 lots at BMNH, Dautzenberg
collection, GNS, IRSNB, MCZ, MNHN, RMNH, NMP,
USNM; from Madeira, Cape Verde Islands, Mauritania,
Sénégal, Sio Tomé, Spanish Guinea, Ile Principé, Liberia,
Cameroon, Ivory Coast, Gold Coast, Nigeria, Congo, Gabon,
Angola (southernmost: intertidal rocks, Lucira, Praia de Cesar,
Prov. Mogamedes, Angola, MNHN, 4).

Fossils: Mexico: Pliocene: Agueguexquite Fm: TU 638
(10 frag); TU 1046 (= NMB 19020), Perrilliacs loc. [6, 11
frag; including illustrated specimen (Pl 1, Fig. 12), NMB
H 17890; GNS WM16947, 2 frag; WM 18854, 9 frag].
Galdpagos Islands: “Tertiary” (Pliocene-Pleistocene?),
Chatham Island, Galdpagos Islands, coll. M. ]J. Barrande
(BMNH Palacontology Department, G9670, 3). Pitt ez al.
(1986: 276, fig. 11) also recorded five Pliocene or Pleistocene
fossil specimens of Bursa corrugata (as B. caelata) from the
Cerro Gallina tuff cone, Isla Santa Cruz, Galdpagos Islands.
Venezuela: Holocene: Tortuga Fm, Las Calderas Canyon,
Cubagua Island, collection of Bernard Landau (1). Ecuador:
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Pleistocene: NMB 19149 (1, aperture only). Italy: Tyrrhenian
(Pleistocene) conglomerate, Reggio Arangea, opposite Messina
in Reggio Calabria, southern Italy, two specimens collected by
Paolo Crovato, Naples (including GNS WM17065, 1).

Distribution.—Bursa corrugata lives at present in Panamic
western America, from Sonora to northern Peru (Keen, 1971;
and data above), in the western Atlantic, from Florida, USA,
and the Bahamas to northern Brazil (Abbott, 1974; and data
above; “Ceard to Sao Paulo; Trindade 1.”, Rios, 1994), at St.
Helena and Ascension Island in the mid-Atlantic (Rosewater,
1975: 18, fig. 8; and listed above), and in tropical West Africa,
from Madeira (listed above), the Canary Islands (Nordsieck
& Garcia-Talavera, 1979: 127, pl. 28, fig. 5), and Mauretania
to at least as far south as Gabon (Bernard, 1984: 64, fig. 102)
and Angola (Gofas ez al., 1984: 132, as B. pustulosa). It was re-
corded also from the Galdpagos Islands by Hickman & Finet
(1999), Cocos Island, Costa Rica, eastern Pacific, by Montoya
(1983, 1984) and Skoglund (1992), from Clipperton Island
by Kaiser (2007: 39), and from Gorgona Island, Pacific
Colombia, by Cantera er al. (1979) and Cosel (1984).
Specimens from 125 m, off of Martinique, Caribbean, were
illustrated by Paulmier (1994: 9, fig. 22). Matthews (1968)
recorded specimens found rarely in the gut of the toadfish or
“pacomon,” Amphichthys cryptocentrus (Valenciennes, 1837),
caught off of Fortaleza, Ceard, Brazil. Fossils are widespread in
Europe in Miocene, Pliocene, and late Pleistocene rocks, but
in the Americas are recorded only from the Agueguexquite
Fm, Isthmus of Tehuantepec, Mexico (Pliocene), and the
Galdpagos Islands (Pleistocene). Like Monoplex trigonus
(Gmelin, 1791) (see below), B. corrugata does not live in the
Mediterranean at present, but young Pleistocene (Tyrrhenian)
fossils occur at at least one locality in southern Italy, demon-
strating that it entered briefly during interglacial warm peri-
ods. Bursa corrugata is among the widest-ranging of the ton-
noideans that have nor entered the tropical Indo-West Pacific,
and its full range — both geographical and stratigraphical — is
still poorly known.

Bursa granularis (Réding, 1798)
PL 3, Figs 1, 3

Tritonium granulare Réding, 1798: 127.

Tritonium jabick Roding, 1798: 127.

Biplex rubicola Perry, 1811: pl. 5, fig. 4.

Ranella granifera Lamarck, 1816: pl. 414, fig. 4, “Liste des objets™:
4; 1822: 153; Kiener, 1841: 16, pl. 11, fig. 1; Deshayes, 1843:
548; Reeve, 1844b: pl. 6, fig. 30; Kiister & Kobelt, 1871: 143,
pl. 39, fig.1; Coulon, 1933: 137.

Ranella affinis Broderip, 1833: 179; G. B. Sowerby II, 1835: pl. 89,
fig. 12; Reeve, 1844b: pl. 4, fig. 19; Kiister & Kobelt, 1871: 142,
pl. 384, fig. 5.

Ranella cubaniana d’Orbigny, 1841a: 165, pl. 23, fig. 24; Morch,

1877: 24.

Ranella livida Reeve, 1844b: pl. 6, fig. 28; 1844d: 138; Krauss,
1848: 113.

Ranella semigranosa. Reeve, 1844b: pl. 6, fig. 25; Krauss, 1848: 113
(not Ranella semigranosa Lamarck, 1822).

Bursa granularis. H. & A. Adams, 1852: 106; Hedley, 1916: 196;
Hertlein & Allison, 1960: 15; Barnard, 1963: 17; Hinton, 1972:
12, pl. 6, fig. 22; Salvat & Rives, 1975: 307, fig. 179; Hinton,
1978: 32, fig. 8; Kay, 1979: 227, fig. 80A; Kilburn & Rippey,
1982: 73, pl. 16, fig. 14, Drivas & Jay, 1988: 62, pl. 16, fig. 4,
Leal, 1991: 111, pl. 16, figs C-D; Lipe & Abbott, 1991: 14-15,
illus.; Wilson, 1993: 226, pl. 43, figs 11a-b, 12; Kubo in Kubo
& Kurozumi, 1995: 74, 78, fig. 7; Beu, 1998b: 150, figs 48a-e,
58d; 1999: 44, fig. 85; 2005: 19, figs 27-28; Lee & Chao, 2003:
40, pl. 4, fig. 93.

Ranella (Lampas) granifera. Tryon, 1880: 41, pl. 22, figs 35-40;
‘Watson, 1886: 399.

Bursa cumingiana Dunker, 1862: 238; 1863: 59, pl. 19, figs 7-8.

Gyrineum affine var. cubanianum. Dall, 1889: 224.

Gyrineum affine. Dall, 1903b: 132.

Bursa affinis. Maury, 1922: 114.

Dulcerana granularis. Iredale, 1931: 213; Rippingale & McMichael,
1961: 69, pl. 7, fig. 19.

Dulcerana jabick. Iredale, 1931: 213.

Bursa alfredensis Turton, 1932: 107, pl. 24, fig. 781.

Bursa kowiensis Turton, 1932: 108, pl. 24, fig. 782.

Ranella (Bursa) affinis. Trechmann, 1933: 39.

Gyrineum afine (sic) cubanianum. Morretes, 1949: 92.

Dulcerana versigranulata (sic). Jackson, 1952: 46.

Bursa (Colubrellina) cubaniana. Abbott, 1958: 57, text-fig. 2, pl. 1,
fig. k; Warmke & Abbott, 1961: 103, pl. 18, fig. i; Rios, 1970:
70; Coelho & Matthews, 1971: 52, figs 11-12; Humfrey, 1975:
126, pl. 14, figs 4, 4a; H. & E. Vokes, 1983: 23, pl. 11, fig. 14.

Bursa cubaniana. Nowell-Usticke, 1959: 61; Work, 1969: 663;
Kaufmann & Gétting, 1970: 372, fig. 87; Matthews & Kempf,
1970: 28; de Jong & Coomans, 1988: 214, pl. 16, fig. 382.

Bursa cubaniana intermedia Nowell-Usticke, 1959: 62, pl. 3, fig. 13;
1969: 15, pl. 3, fig. 634.

Bursa corrugata lineata Nowell-Usticke, 1959: 62, pl. 3, fig. 12;
1969: 14, pl. 3, fig. 632; 1971: 11, pl. 2, fig. 632.

Bursa granularis affinis. Hertlein & Allison, 1960: 15.

Colubrellina corrugata. Oyama & Takemura, 1960: Colubrellina pl.,
figs 1-2 (not Biplex corrugata Perry, 1811).

Colubrellina jabick. Oyama & Takemura, 1960: Colubrellina pl., figs
3-4,

Colubrellina semigranosa. Oyama & Takemura, 1960: Colubrellina
pl., figs 5, 7 (not Ranella semigranosa Lamarck, 1822).

Colubrellina granularis. Habe, 1961: 47, pl. 24, fig. 5; Okutani,
1986: 116-117, top left fig.

Colubrellina (Dulcerana) granularis. Habe, 1964: 76, pl. 24, fig. 5;
Wilson & Gillett, 1971: 80, pl. 54, figs 7-7b.

Bursa granularis cubaniana. Abbott, 1974: 167, pl. 7, fig. 1781 (as B.
granularis in pl. caption); Rios, 1975: 81, pl. 23, fig. 331; Finlay,
1978: 149; Bandel, 1984: 102, pl. 10, figs 3, 8; Diaz & Gétting,
1988: 156; Diaz, 1990: 19; Diaz & Puyana, 1994: 174, fig. 650;
Redfern, 2001: 58, pl. 29, figs 247A-B.

Bursa (Colubrellina) granularis cubaniana. Rios, 1975: 81, pl. 23, fig.
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331; Beu, 1985: 64; Cossignani, 1994: 78.

Bursa (Colubrellina) granularia (sic). Rios, 1985: 79, pl. 28, fig,
347,

Bursa (Colubrellina) granularis granularis. Beu, 1985: 64; Cossignani,
1994: 75-77.

Bursa (Colubrellina) granularia (sic) cubaniana. Rios, 1994: 92, pl.
31, fig. 365.

Bursa (Bufonariella) granularis. Bosch et al., 1995: 102, fig. 737.

Bursa (Colubrellina) granularis. Okutani, 2000: 269, pl. 133, fig. 1;
Zhang & Ma, 2004: 182, text-ﬁgs 113a-c, pl. 5, ﬁgs 1-3; Kaiser,
2007: 39, pl. 26, figs 7a-b.

Remarks.—Bursa granularis is extremely widespread and com-
mon in both the intertidal zone and the shallow subtidal zone
throughout the Indo-West Pacific province, occurs commonly
also in the western Atlantic, and rarely in the eastern Pacific
and the eastern Atlantic. It is highly variable in spire height,
in sculptural prominence, and in color pattern, and conse-
quently has received many names. I reviewed (Beu, 1998b)
the variation, synonymy, and type material of B. granularis,
and most of this need not be repeated here. The above syn-
onymy includes all of the names of which I am aware that
refer to this species, but is a very incomplete listing of the
published references; it cites most of the usages of which I
am familiar in the Atlantic, a few of the Pacific ones, and
some modern books with good illustrations. I provided (Beu,
1998b) a fuller synonymy.

Bursa granularis is easily recognized by its relatively tall,
narrow shape for a bursid and by its thin teleoconch, giv-
ing it an overall appearance more nearly resembling that of
Ranellidae such as Monoplex than is common in the Bursidae.
The varices are strictly aligned for most of the spire height,
becoming a little displaced only on the last whorl or two of
large specimens. There seems to be no intritacalx present on
any material that I have examined. All specimens have three
major spiral cords on the last whortl, forming nodules where
they cross the varices, and most have small and numerous to
few, large nodules on the major cords; a few specimens lack
nodules altogether (such as the holotype of B. kowiensis). The
width of the varices and the size of the nodules on the varices
are highly variable. The abapertural face of each varix is deeply
excavated, and is buttressed by the spiral cords. The aperture
has a deeply excavated columella, and so is nearly circular. The
apertural lips are well flared, and bear numerous prominent,
narrow transverse ridges. In many specimens, the aperture is
only slightly paler than the external teleoconch color, whereas
in others, it is white. The protoconch is of the most common
type in Bursa, of 2.5 whotls, of rather tall-turbiniform shape
with a weakly impressed suture, with a finely reticulate pro-
toconch I of 0.5 whotls, and with reticulate sculpture on the
first whorl of protoconch II, fading out before the end of the
last protoconch whorl.

The color pattern of the teleoconch exterior of Indo-West
Pacific specimens of Bursa granularis is highly variable, from
off-white, pale brown or pale orange to deep reddish brown,
with or without various combinations of spiral and/or axial
bands and irregular spots and streaks. Atlantic specimens have
a markedly less-variable color pattern, with a moderately dark
tan or pale orange background (highly variable in tone among
specimens) bearing a paler (cream on most specimens) dif-
fuse peribasal band and dorsum of the anterior canal, with
the varices darker brown than the rest of the surface but
banded with cream where they are crossed by the spiral cords.
Indo-West Pacific specimens bearing the same color pattern
as Atlantic specimens are not uncommon (seen from Grand
Récif de Tuléar, Madagascar; Horseshoe Reef, Okinawa;
Tuamotu Islands, Polynesia; and common in Hawaii) and
I concluded (Beu, 1998b) that the Atlantic cubaniana form
is best regarded as part of the variation of a single taxon, B.
granularis. It appears from the color pattern that the Atlantic
population might have been derived from the Indo-Pacific
one through a classic founder population as a spat-fall of only
afew larvae, i.e., an initially low genetic variability (low diver-
sity of alleles?) in the original small population has resulted
in a narrow range of variation in color pattern in the pres-
ent Atlantic population — as also seems likely for apertural
color in B. rhodostoma (see below). I am unable to see any
other differences between the Atlantic and Indo-West Pacific
populations. The lack of a fossil record in the Atlantic before
Pleistocene time (despite a record in the western Pacific from
Miocene time onward: Martin, 1899: 147; 1919: 88, 130;
Tesch, 1920: 42, pl. 129, fig. 154; van Regteren Altena, 1943:
108, as B. corrugata; Beu, 2005) suggests that this coloniza-
tion event occurred relatively late in Pleistocene time, and
that this is one of the many species that colonized the Atlantic
from the Indian Ocean via South Africa, in the manner sug-
gested by Vermeij & Rosenberg (1993).

Dimensions.—Neotype of Tritonium granulare and lecto-
type of Ranella granifera: H 51.7, D 33.1 mm; lectotype of R.
affinis: H 62.5, D 35.7 mm; lectotype of R. livida: H 56.8, D
32.0 mm; lectotype of Bursa cumingiana: H 46.5, D 31.3 mm
(Beu, 1998b); R. cubaniana, holotype: H 51.7, D 33.1 mm;
ANSP 272722, Boca Chica, Isla Tierra Bomba, E Colombia:
H 70.8, D 39.2 mm; Pleistocene, Barbados, collection of
Bernard Landau: H 80.2, D 41.0 mm.

Tjpes.—Ranella granifera, lectotype designated by me (Beu,
1998b), MHNG 1098/85/1, with 2 paralectotypes, from
the Red Sea; this specimen is also the neotype of Tritonium
granulare Roding, 1798, of 1. jabick Roding, 1798, and of
Biplex rubicola Perry, 1811. Ranella affinis, lectotype [des-
ignated by me (Beu, 1998b)] and 2 paralectotypes BMNH
1950.11.28.4-6, supposedly from “Annaa,” Tuamotu Islands.
Ranella cubaniana, holotype BMNH 1854.10.4.412, from
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“St. Lucie,” West Indies (Pl 3, Figs 1, 3), an abraded and
slightly incomplete specimen of the Atlantic form of Bursa
granularis. Ranella livida, lectotype (designated by me; Beu,
1998b) and 2 paralectotypes BMNH 1967657, supposedly
from “Annaa,” Tuamotu Islands. Bursa cumingiana, lecto-
type (designated by me; Beu, 1998b) and one paralectotype
BMNH 1968530, from New Caledonia. Bursa alfredensis and
B. kowiensis of Turton (1932), types not seen, presumably in
the collection from Port Alfred, South Africa, presented to the
Oxford University Museum by Turton (1932). Bursa corruga-
ta lineata, holotype AMNH 195427, from Krause’s Lagoon,
St. Croix, Virgin Islands, Caribbean, a small specimen of the
Adantic form of B. granularis. Bursa cubaniana intermedia,
type material not recognizable in Nowell-Usticke’s collection
(now in AMNH), as was also stated by Faber (1988: 81).

Other material examined.—The abundant Indo-West
Pacific lots in world collections are not listed. Recent: E
Pacific: Clipperton Island: [no further data] (UCMP
B-4237, 18; B-6101, 1; B-6104, 2; B-6205, 1; B-6566, 1;
UCMP 37062, 23; MNHN, 20); dived 6-20 m (ZMA, 1).
W Atlantic: 136 lots examined, at AMNH, ANSP, DMNH,
GNS, LACM, MCZ, NMB, NMP, RMNH, USNM, ZMA,
Zoological Museum, Univerity of Bologna, and C. J. Finlay
collection (now at FAU), plus 30 lots at R. von Cosel’s mate-
rial in SMF; from Bermuda, Bahamas, Florida, E Mexico, E
Honduras, E Panama, Cuba, Cayman Islands, Jamaica, Puerto
Rico, Antillean Islands (St. Croix, Dominica, Barbados,
Tobago, Grenada, Martinique, Bequia, Windward Isles, St.
Kitts, St Thomas, Saba, St. Martin, St. Eustatius), Aruba,
Bonaire, Curagao, E Colombia, Venezuela, and Brazil (GNS
WM14010, off of Mucuripe, Fortaleza, Ceard State, 1).

Fossils: Atlantic Panama: Pleistocene: Colon, Panama
(BMNH Palacontology Department, G23167, 1). Cuba:
Pleistocene: Las Puercas Beach, Oriente, ex Johns Hopkins
University (USNM, 2 large). Dominican Republic:
Pleistocene: La Isabella Fm, El Castillo, La Isabella, collec-
tion of Bernard Landau (6). Barbados: Pleistocene: USGS
18383, coral rock (1); USGS 18381, coral rock (2); coral rock,
Barbados (BMNH Palacontology Department, G69350-2, 3);
coral rock, Bridgetown (BMNH Palacontology Department,
G69283-4, 2; G3680, 2); low-level reefs, Bishopscourt
(BMNH Palacontology Department, G10941, 8 large); post-
coral rock, Silver Sands (BMNH Palacontology Department,
GG4245, 1); Coral Rock, Barbados, collection of Bernard
Landau (3).

Distribution.—In the living fauna, Bursa granularis is com-
mon throughout the Indo-West Pacific province, from Jeffreys
Bay, South Africa, throughout eastern Africa and the Red Sea
to the northern Indian Ocean, in the western Pacific from
Kii Peninsula and Yamaguchi Prefecture, Honshu, Japan
(Beu, 1999), south to Rottnest Island in Western Australia

(Wilson, 1993: 226) and to Sydney Harbor, New South
Wales, Australia, and throughout Polynesia to Hawaii (Beu,
1998b). In the eastern Pacific, particularly large specimens are
common at Clipperton Island (UCMP 37062, 23; Hertlein
& Allison, 1960; Kaiser, 2007: 39, pl. 26, figs 7a-b, much ma-
terial listed) and specimens were recorded by Emerson (1991:
table 1) from the Revillagigedo Islands, Cocos Island, and the
mainland coast at Bahia Chamela, Jalisco, western Mexico
(LACM 38-6). In the western Atlantic, it is recorded from
southeastern Florida (Abbott, 1974), USA, south to Bahia,
Brazil (“Pard to Bahia, Fernando de Noronha Is., Atoll das
Rocas”; Rios, 1985, 1994). Matthews (1968) recorded speci-
mens found uncommonly in the gut of the toadfish or “pa-
comon,” Amphichthys cryptocentrus, caught off of Fortaleza,
Ceard, Brazil. In the eastern Adantic, it is recorded only
from the Cape Verde Islands (Garcia-Talavera, 1983: 141).
Although B. granularis has a Miocene-Recent time range in
the Pacific (see above), it is recorded only from Pleistocene
rocks and in the living fauna in the western Adantic, and so
apparently is a geologically recent arrival there. The record by
Gregory (1895: 288, table) from Pleistocene rocks of Barbados
as “Ranella (Lampas) aff. affinis” presumably refers to this spe-
cies. Robinson (1991) recorded B. granularis from the Late
Pliocene-Early Pleistocene Moin Fm at Limén, Costa Rica,
on the basis of a personal communication from me, but I have
since reidentified these specimens as B. scrobilator (Linnaeus,
1758) (see below). Fossils have not been reported in the east-
ern Pacific.

Bursa grayana Dunker, 1862
DL 3, Figs 2, 4-9

Bursa grayana Dunker, 1862: 238; 1863: pl. 19, figs 5-6.

Bursa bufoniopsis Maury, 1917a: 108, pl. 17, fig. 8; Pilsbry, 1922:
360.

Bursa aff- thomae. Matthews & Kempf, 1970: 28.

Bursa (Bursa) pacomoni Matthews & Coelho, 1971: 2, figs 1-5;
Coelho & Matthews, 1971: 48, figs 4-8; Leal, 1991: 113, pl.
16, fig. E.

Bursa (Bursa) grayana. Beu, 1985: 63; 1987: 317, figs 157-164; Rios,
1985: 78, pl. 28, fig. 343; 1994: 92, pl. 30, fig. 361; Cossignani,
1995: 48.

Remarks.—Bursa grayana is easily recognized by its relatively
small size (height to 40 mm); the only smaller species in the
fauna considered here is B. rhodostoma (G. B. Sowerby II,
1835). Bursa grayana is similar in shape to B. rhodostoma, al-
though the spire is slightly taller in some specimens than in B.
rhodostoma, and in most specimens the shell is a little wider
than in B. rhodostoma because of (a) slightly wider and more
prominent varices, and (b) a slightly more dorsoventrally
compressed shell. Modern specimens are easily distinguished
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by the pale lavender to deep-red aperture of most specimens
of B. rhodostoma (a few have a white aperture), which con-
trasts with the uniformly white aperture of B. grayana. The
outer lip of B. grayana also is more widely flared than in B.
rhodostoma and, most notably, the posterior siphonal canals
of B. grayana are markedly longer and more deeply tubular
and protrude to form short, spine-like tubes in a manner not
seen in most specimens of B. rhodostoma. Bursa grayana dif-
fers from B. rhodostoma further in its more coarsely nodulose
sculpture, with many rather small, rounded to subrectangular
nodules on the primary spiral cords, and the spiral interspaces
largely filled by smaller, rounded nodules on the secondary
cords. Also, the upper two main spiral cords, at the shoulder
angle and just below it, consistently are subdivided by a shal-
low median groove in B. grayana, but this groove has not been
observed in B. rhodostoma. The siphonal fasciole also is more
prominent and more coarsely sculptured in B. grayana than in
B. rhodostoma, and curves out strongly to the left of the aper-
ture. A final consistent and easily recognized character present
in B. grayana but not in B. rhodostoma is the subsutural row
of short, prominent, radial ridges, fading out at about half the
height of the sutural ramp.

This species was first recognized during the 20" century
as the Dominican Republic Miocene fossil Bursa bufoniopsis
Maury, 1917, and in the living western Adlantic fauna as B.
pacomoni by Matthews & Coelho (1971); their material was
obtained from the stomach of the “pacomon,” Amphichthys
cryptocentrus, from off of the coast of Brazil (States of Pard
and Bahia, and from the Fernando de Noronha Islands and
Atol das Rocas). I pointed out (Beu, 1987: 318) that most
of the type material of B. grayana, supposedly from the Red
Sea, is conspecific with B. bufoniopsis and B. pacomoni, and
selected a specimen of this species as the lectotype of B. graya-
na. [I cited (Beu, 1987) the wrong BMNH specimen number
for the specimen intended to be designated as the lectotype;
the correct registration number for the lectotype is BMNH
1988064/1].

Dz'mmsz'ons.—Figured specimen, NMB H 18053, from
NMB 15863, Dominican Republic: H 41.9, D 28.1 mm;
figured specimen, NMB H 17891, from NMB 18734, Cayo
Agua, Panama: H 29.5, D 19.9 mm; Recent, Dry Rocks, off
of Key Largo, Florida, C. J. Finlay collection (now at FAU):
H 55.5, D 36.7 mm; lectotype of Bursa grayana: H 28.0, D
19.1 mm; B. bufoniopsis holotype: H 38.3, D 26.3 mm; B.
pacomoni holotype: H 28, D 22 mm, largest paratype: H 34,
D 22 mm (Matthews & Coelho, 1971: 6, table of 12 speci-
mens).

Tjpes.—Lectotype of Bursa grayana (designated by me;
Beu, 1987: 318) BMNH 1988064/1, with one paralecto-
type 1988064/2, and 3 further paralectotypes 1968529/1-
3, all incorrectly labelled “Red Sea” (actually Recent, west-

ern Adantic). The type locality is here designated as off of
Mucuripe, Fortaleza, Brazil. Bursa bufoniopsis, holotype PRI
28762, from Rio Gurabo at Los Quemados, Dominican
Republic; presumed paratypes, PRI, Maury’s loc. 200, zone
D, Rio Gurabo (1, incomplete); Maury’s loc. 210, zone B, Rio
Gurabo (1). Bursa pacomoni, holotype MNR]J 3528, taken
from stomach of “pacomon” off of Mucuripe, Fortaleza, Cears,
Brazil; 3 paratypes in MNR], 4 paratypes in Laboratorio de
Ciencias do Mar, Universidade de Rio Grande, Rio Grande
do Sul, Brazil; and 4 paratypes in Museu Oceanografico de
Rio Grande, Rio Grande do Sul, Brazil (not seen; Matthews
& Coelho, 1971: 6, table).

Other material examined.—Recent: W Atlantic: Florida:
Dry Rocks, off of Key Largo, 1948, C. ]. Finlay collection
(now at FAU; 1); dredge fill, Dania Beach (USNM 797966,
1). Belize: Belize (MCZ, 1). San Salvador: off of E coast of
San Salvador (GNS WM16679, 1). Puerto Rico: [no further
data] (AMNH 190479, 1). Brazil: Fortaleza, Ceard, from
fishermen (MCZ 277369, 1); Praia de Checo Negro, Cidade
da Bahia (MCZ, 1); Natal (AMNH 112180, 2); ex pisce, 30-
60 m, off of Mucuripe, Fortaleza, Ceard (AMNH 163333, 10;
ANSP 316116, 2); on rocks, Itapoa, Bahia (ANSP 274397, 1;
276358, 1); 15 m, fishermen, off of Fortaleza, Ceard (ANSP
340904, 1); off of Fortaleza, Ceara (DMNH 38455, 1; 40924,
1); off of Mucuripe, Fortaleza, Ceard (DMNH 51632, 1;
GNS WM16678, 1); U.S. Fish Commission sta. 2758, 40 m,
SE of Cape Roque (USNM 417784, 2); beach, Atol das Rocas
(GNS WM13665, 1).

Fossils: Mexico: Pliocene: USGS 18688 (1). Dominican
Republic: Late Miocene: Cercado Fm: TU 1230 (GNS
WM16899, 1; WM18839, 3); 1422 (GNS WM18848, 5);
NMB 16982, Cercado Fm, Rio Cana, collection of Bernard
Landau (20). Late Miocene/Early Pliocene: Gurabo Fm:
NMB 16809 (1); TU 1225 (GNS WM18838, 1 frag); 1231
(GNS WM18840, 4; GNS WM18845, 3); 1246 (GNS
WM18846, 1 frag); 1250 (GNS WM18841, 1); 1277 (GNS
WM16902, 1); 1296 (GNS WM18842, 1); “Miocene,”
Yaque River, Dominican Republic, coll. T. S. Heneken
(BMNH Palacontology Department, GG20413, 1). Early
Pliocene: Gurabo Fm: NMB 15803 (1); 15817 (1); 15843
(1); 15846 (1); 15850 (2); 15863 (2; 1 figured, NMB H
18053); 15865 (1); 15866 (1); 16817 (2); 16879 (1); TU
1210 (GNS WM18844, 1 frag); 1212 (GNS WM16898, 1);
1215 (10, incl. GNS WM16894, 4; WM 18837, 5); 1354
(GNSWM18843, 1); USGS 8544 (1); 8714 (1); Gurabo Fm,
Rio Gurabo, collection of Bernard Landau (11); Mao Fm:
TU 1365 (GNS WM18847, 1). Atlantic Panama: Pliocene:
NMB 18734, Cayo Agua Fm, 300 m WNW of Punta Piedro
Roja, Cayo Agua, Bocas del Toro Basin (2, including illus-
trated specimen (Pl. 3, Figs 7-8), NMB H 17891).

Distribution.—Bursa grayana occurs in the living fauna
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from southern Florida, USA, throughout the western Atlantic
to Bahia, Brazil, and to Fernando de Noronha Island and Atol
das Rocas (Rios, 1994), although it is much less common in
collections than the shallow-water species B. corrugata, B.
granularis, and B. rhodostoma. Most specimens are from div-
ers or from fish stomachs, although are few have been found
cast ashore on beaches. There are no records from either the
eastern Atlantic or the eastern Pacific. Miocene and Pliocene
fossils are moderately common in the northern Dominican
Republic, probably reflecting the offshore habitat of the spe-
cies at present, and the correspondingly offshore deposition
sites of most Dominican Republic units. However, the only
other fossils of which I am aware are two specimens from the
Pliocene Cayo Agua Fm in the Bocas del Toro Basin, eastern
Panama, and one poorly localized specimen from Mexico, of
Pliocene age.

Bursa natalensis Coelho & Matthews, 1970
PL 3, Figs 10-13

Bursa finlayi McGinty, 1962: 39, pl. 3, figs 1-1a, 2 (in part; holotype
is B. ranelloides Reeve, 1844); Laursen, 1981: 30, pl. 3, figs 2a-
b.

Bursa (Colubrellina) natalensis Coelho & Matthews, 1970: 1, figs
1-3.

Bursa (Colubrellina) finlayi. Coelho & Matthews, 1971: 53, figs 13-
15.

Bursa (Bufonariella) latitudo natalensis. Beu, 1981: 288, figs 16a-f.

Bursa (Colubrellina) latitudo natalensis. Beu, 1985: 64; Cossignani,
1995: 82.

Bursa latitudo natalensis. Calvo, 1987: fig. 83 (radula); Paulmier,
1994: 9, fig. 23.

Bursa natalensis. Leal, 1991: 113.

Remarks.—Bursa natalensis is easily recognized by its extremely
tall and narrow shape. Although not as tall and narrow as the
rare western Pacific species B. condita (Gmelin, 1791), B. na-
talensis is the next-tallest known bursid, and is much the tallest
of the western Atlantic species. The varices are situated at each
two thirds of a whorl (at each 240° around the spiral) as in
B. ranelloides and in the Indo-West Pacific species B. latitudo
Garrard, 1961, the parietal area of the inner lip bears a weakly
to quite strongly defined red-brown color patch, or bars be-
tween the white ridges on some specimens, as are seen also in
both B. ranelloides and B. latitudo, and the sculptural style,
with two moderately prominent, nodulose whorl angulations
and several rows of small nodules between them, also is closely
similar to that of both B. ranelloides and B. latitudo. Although
this species was compared with B. condita by Coclho &
Matthews (1970), B. condita is still taller and narrower, has its
varices aligned or at most a little offset (Beu, 1998b: figs 43a-
d), has still finer exterior sculpture with no large nodules, and
lacks the red parietal color patch of B. ranelloides, B. latitudo,

and B. natalensis. It is clear that the real phylogenetic affinities
of B. natalensis are with B. ranelloides (discussed below) and,
even more closely, with B. latitudo, which was discussed in
detail by me (Beu, 1998b). The protoconch of B. natalensis
(fide Beu, 1998b: fig. 45d) is unusually tall and narrow, and
is indistinguishable from that of B. latitudo, and there can be
litle doubt that these are sister species. Bursa natalensis dif-
fers from B. latitudo in its smaller maximum size (B. latitudo
reaches cz. 105 mm in height, whereas B. natalensis reaches
95 mm but rarely exceeds cz. 80 mm) and in its consistently,
markedly narrower shape. The two have a similar range of
sculptural variation. Both species have at least 3 or 4 rows of
small granules on interstitial spiral cords between the two ma-
jor cords, and similar finely granulose sculpture over the rest
of the shell surface. They also both lack an obvious intritacalx,
having a very thin, rarely preserved periostracum which, on a
few very fresh shells, bears short, thin, pliable bristles on pro-
tected parts of the shell. Specimens are illustrated excellently
in color on a recent web page (htep://www.femorale.com.br/
shellphotos, last accessed 28 April 2006).

The excellent lots of unusually large specimens loaned
and presented to me by Dominique Lamy (Guadeloupe) (40
specimens from Racket Bank, 3 from Saba Bank, 3 from off
of Tlot Pidgeon, all in the West Indies) demonstrate that Bursa
natalensis is extremely similar to B. latitudo in all characters
other than width and spire height, but a scatter diagram com-
paring dimensions of Pacific and western Adantic specimens
(Text-fig. 7) shows that they scarcely overlap at all in shape.
The greatest factor in the variation in width is the size of the
peripheral nodules; both species vary from very coarsely sculp-
tured, with only 6 or 7 large, pointed nodules at the periphery
in the last intervariceal interval, to very finely sculptured, with
10 or more very small, closely spaced nodules at the periphery
in the last intervariceal interval, or even to having no nodules
at all on the last whorl or two of a few specimens. The speci-
mens that overlap in Text-fig. 7 are the most coarsely sculp-
tured ones of B. natalensis and the most weakly sculptured
ones of B. latitudo. There can be little doubt that these are very
closely related species. Their close similarity suggests that B.
natalensis evolved from a former population of B. latitudo that
became isolated in the Adantic, presumably through subdivi-
sion of a formerly larger population by closure of the CAL It
is now clear that B. latitudo occurs widely in the eastern West
Pacific, among the island groups of eastern French Polynesia
(Beu, in prep.) and so an apparent former distribution in the
eastern Pacific seems not to have left a fossil record, presum-
ably because of the offshore hard substratum inhabited by this
species group. The close similarity in shape of B. natalensis to
B. ranelloides in the scatter diagram (Text-fig. 7) suggests that
the change in shape might have been driven by competition
with B. ranelloides, which occurs in the Atlantic but not in the
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Text-fig. 7. Scatter diagram comparing proportions of Bursa natal-
ensis, B. latitudo, and B. ranelloides; overlap area of B. natalensis and
B. latitudo is shaded.

western Pacific (other than rarely in Hawaii and commonly in
southern Japan-Taiwan).

The partly sympatric species Bursa ranelloides differs from
B. natalensis in its smaller average size (B. ranelloides rarely
exceeds 65 mm in height, although the largest specimen seen,
from Guadeloupe, is 109.7 mm high, larger than all spec-
imens that I have seen of B. natalensis), in being markedly
shorter and wider, in the majority of specimens having small
nodules at the periphery (large nodules are present in about
20-30% of specimens of B. ranelloides, compared with about
70-80% of specimens of B. natalensis), in the peripheral nod-
ules of large-noduled specimens being evenly rounded, rather
than sharply pointed as in B. natalensis, in the numerous,
closely spaced rows of gemmules on the surface being low and
rounded, rather than taller, more widely spaced, and more
sharply defined as in B. natalensis, in having a more narrowly
flared outer lip flange with shorter transverse ridges, in having
markedly shorter and less prominent transverse ridges on the
inner lip, in having a paler, more yellow-brown exterior with
more clearly axially aligned color bands than in B. natalensis,
in which the exterior is a darker red-brown and the darker
bands are more consistently arranged between nodules on the
spiral cords, in the anterior siphonal canal being shorter and
more strongly twisted to the right (in apertural view), in the
aperture being consistently white, rather than pale mauve on

the interior and, in a few specimens, pale mauve on the outer
lip in B. natalensis, and in bearing an obvious, thin, very finely
reticulate, silky-looking intritacalx on unabraded specimens,
whereas B. natalensis does not have an intritacalx. The fine,
close spiral lirae covering the entire exterior remain on the one
definite fossil specimen (a small spire) of B. natalensis that 1
have examined, and it clearly lacks the equally fine and closely
spaced axial threads of B. ranelloides, leaving no doubt of the
identification.

McGinty (1962: 39) clearly intended to provide a name
for Bursa natalensis when he named B. finlayi, because his fig-
ured paratype is a specimen of B. natalensis. Unfortunately,
McGinty (1962) selected a short specimen as the holotype of
B. finlayi, and examination of this specimen (USNM 634570)
showed that it is a specimen of B. ranelloides with moderately
large nodules, intermediate between the extreme ranelloides
and renuisculpta forms. Laursen (1981: 30, pl. 3, fig. 2) con-
tinued the usage of the name B. finlayi for this species in his
monograph of North Adantic gastropod planktonic larvae.
He provided excellent SEM pictures of the larval shells of B.
corrugata, B. granularis. and B. natalensis.

Dimensions.—Figured paratype of Bursa finlayi, Bay of
Matanzas, Cuba, ANSP 304276: H 76.7, D 39.6; paratype
of B. finlayi, Bay of Matanzas, C. ]. Finlay collection (now at
FAU): H 81.6, D 41.8 mm; Bahia de Anasco, Puerto Rico, C.
J. Finlay collection (now at FAU): H 89.0, D 43.2 mm; off
S shore of Bermuda, DMNH: H 91.3, D 45.7 mm; largest
seen, collection of D. Lamy, Guadeloupe, from 120-180 m,
Raket Bank, off of St. Barthelemy, Lesser Antilles: H 94.3, D
47.5 mm.

Types.—Bursa (Colubrellina) natalensis, holotype MNR]
3527; one paratype in Laboratorio de Ciencias do Mar,
Universidade Federal do Ceard, Brazil, no. 462; one paratype
in Museu Oceanografico de Rio Grande, Rio Grande do Sul,
Brazil, no. 14731 (Coelho & Matthews, 1970: 4); all from
lobster traps in 40-50 m, off of Natal, Rio Grande do Norte,
Brazil (none seen). Bursa finlayi, holotype USNM 634570,
Triton sta. 615, dredged off of Sombrero Key Light, Florida
Keys, “on the rocky Pourtales Plateau” in 210 m (McGinty,
1962: 39, pl. 3, fig. 2), a specimen of B. ranelloides (Reeve,
1844); all paratypes are B. natalensis: 3 paratypes in McGinty
collection from off of Sand Key Light, Key West, Florida, in
128-137 m (not seen); paratype in McGinty collection from
fish traps in 180-200 m, off of Gibara, Oriente Province, Cuba
(not seen); paratypes from the same station in collection of C.
J. Finlay (now at FAU), and one in USNM.

Other material examined.—Recent: E Atlantic: Madeira(?):
A single moderately large, very tall and narrow specimen
of Bursa natalensis is present in Dautzenberg’s collection
(IRSNB), labeled “Pr. Alice stn. 1242, 240 m, 10 Sept. 1901,
Banc de la Seine, Madeira” (i.e., the locality of 6 of the 7 syn-
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types of B. ranelloides var. tenuisculpta), among Dautzenberg’s
material identified as B. ranelloides var. tenuisculpta. However,
it seems likely that this specimen has been accidentally ex-
changed with another western Atlantic specimen in the same
drawer; a specimen of B. ranelloides var. tenuisculpta labeled
“Martinique, coll. Crosse” lies in the box alongside the speci-
men of B. natalensis, both specimens are unnumbered, and it
seems likely that the specimens in the two boxes have been
mixed. This is the sole specimen of which I am aware sup-
posedly originating from the eastern Atlantic. W Atlantic:
Bermuda: 300 m, crab pots, 4 km off S shore of Bermuda
(DMNH, 3). Florida: shrimp boats off of Marquesas Key
(AMNH 162793, 2). Cuba: off of Habana, 250 m, Blake
sta. 14 (MCZ 202065, 1); Bay of Matanzas, crab trap (ANSP
304276, 1, the paratype of B. finlayi figured by McGinty,
1962: pl. 3, figs 1, 1a); Bay of Matanzas, fish traps in 240
m, C. J. Finlay collection (now at FAU; 1, paratype of B.
finlayi); oft of Gibara, Oriente, fish traps, 180-200 m, C.
J. Finlay collection (now at FAU, 1); Bay of Matanzas, fish
trap in 240 m (USNM 673601, 1; paratype of B. finlayi).
Puerto Rico: fish trap, 200 m, Bahia de Anasco (MCZ, 1);
240 m, fish traps, Bahia de Anasco (AMNH 190485, 2); fish
traps in 180 m, Bahia de Anasco, 1971, C. J. Finlay collec-
tion (now at FAU, 3). Nevis, British West Indies: WSW of
Charlestown, shell trap set in 250 m, Bredin-Smithsonian
Expedition (USNM 735915, 1). Guadeloupe: 120-180 m,
Racket Bank, off of St. Barthelemy Island, collection of D.
Lamy (40); 150-200 m, Saba Bank, collection of D. Lamy
(2); cote sous le Vent, 1ot Pidgeon, collection of D. Lamy
(3); fishermen’s traps, 300 m, off of Ilot Pidgeon, D. Lamy
(GNS WM17174, 16); 200 m, off of St. Barthelemy Island,
D. Lamy (GNS WM17178, 12; WM17390, 1); 180 m, Saba
Bank, D. Lamy (GNS WM16996, 2); 120-180 m, off of
Racket Bank, D. Lamy (GNS WM16987, 4); 250 m, Racket
Bank, D. Lamy (GNS WM17013, 7); 500 m, off of Pointe
Noire (GNS WM17169, 1); 250 m, off of Vieux Habitants,
D. Lamy (GNS WM17179, 1); 500 m, off of Basse Terre,
D. Lamy (GNS WM17155, 1). Martinique: 80-90 m, traps
off of Martinique, M/V Le Francois (GNS WM15381, 2).
Barbados: Diadema sta. 130, off of Paynes Bay, St. James,
180 m, 1961, C. J. Finlay collection (now at FAU, 1); Sandy
Lane Bay, W coast, crab trap, 200 m (ZMA, 1); 210 m, off W
coast of Babados (GNS WM15213, 2).

Fossils: Atlantic Costa Rica: Latest Pliocene-Early
Pleistocene, Moin Fm (crosses the Pliocene-Pleistocene
boundary; McNeill ez al., 2000): TU 1240 (GNS WM18853,
1 spire). Robinson (1991) recorded another specimen from
Limoén (in TU 1239) that I have not seen and that probably
belongs here, identified as B. granularis following correspon-
dence with me.

Distribution.—Bursa natalensis lives now in the western

Atlantic, from southern Florida, USA, to Bahia, Brazil, in rel-
atively deep water (ca. 100-500 m). Most material that I have
seen is from the Lesser Antilles, particularly near Guadeloupe.
Paulmier (1994: 9, fig. 23) illustrated a specimen, and report-
ed B. natalensis from depths of 125-380 m off of the French
Antilles, Caribbean. I am aware of only the one fossil speci-
men (and a possible second specimen) of B. natalensis, record-
ed above from Limén, Costa Rica.

Bursa ranelloides (Reeve, 1844)
DL 4, Figs 1-9; PL. 5, Figs 1-4, 6, 8

Triton ranelloides Reeve, 1844a: pl. 3, fig. 10; Reeve, 1844c: 111.

Simpulum papillosum A. Adams, 1870: 49; Beu, 1971: 110, pl. 8,
fig. 8.

Lotorium ranelloides. G. B. Sowerby 111, 1902: 95.

Bursa (Lampas) ranelloides var. tenuisculpra Dautzenberg & Fischer,
1906: 36, pl. 2, figs 15-18.

Bufonariella ranelloides. Oyama & Takemura, 1960: pl. Colubrellina-
Bufonariella, figs 8-11; Habe, 1961: 47, pl. 24, fig. 3; 1964: 76,
pl. 24, fig. 3; Beu, 1971: 110, pl. 8, fig. 8; Kuroda ez al., 1971:
203, pl. 33, figs 5-6.

Bursa finlayi McGinty, 1962: 39, pl. 3, fig. 2 (in part; holotype
only).

Tritonoranella ranelloides. Oyama, 1964: 332.

Bursa (Colubrinella) (sic) canarica Nordsieck, 1975: 4, fig. 16.

Bursa (Colubrellina) benvegnuae Penna-Neme & Leme, 1978: 285,
figs 25-26.

Bursa ranelloides. Finlay, 1978: 148; Gofas & Beu, 2002: 102, figs
8A-J; Beu, 1998b: figs 49f-g; Zhang & Ma, 2004: 180, text-fig.
112, pl. 4, fig. 8.

Bursa (Colubrellina) tenuisculpta. Abbott, 1974: 166, fig. 1778;
Penna-Neme & Leme, 1978: 284, figs 1-10, 24, 27.

Bursa pygmaea Kosuge, 1979: 31, pl. 5, fig. 5, pl. 6, fig. 23.

Bursa (Bufonariella) ranelloides ranelloides. Beu, 1981: 290, figs 18d,
f-i.

Bursa (Bufonariella) ranelloides tenuisculpta. Beu, 1981: 292, figs
19a-k.

Bursa (Colubrellina) ranelloides ranelloides. Beu, 1985: 64.

Bursa (Colubrellina) ranelloides tenuisculpta. Beu, 1985: 64; Rios,
1985: 79, pl. 28, fig. 349; 1994: 92, pl. 31, fig. 366.

Bursa (Colubrellina) ranelloides benvegnuae. Rios, 1985: 79, pl. 28,
fig. 348.

Bursa ranelloides tenuisculpta. Paulmier, 1994: 9, fig. 24; Ardovini &
Cossignani, 2004: 132, central right and lower left figs.

Bursa (Colubrellina) ranelloides and formae tenuisculpta and benveg-
nuae. Cossignani, 1994: 86-87.

Bursa ranelloides benvegnuae. Coltro, 1995: 52, fig. 4.

Bursa (Tritonoranella) ranelloides. Okutani, 2000: 269, pl. 133, fig.
3; Higo et al., 2001: pl. 49, fig. G1622.

Remarks—Bursa ranelloides is one of the most commonly
dredged Bursa species (in ca. 80-500 m, reaching as deep as at
least 1,250 m) in both the eastern and western Atlantic, as well
as off of Japan and Taiwan. It is therefore rather surprising to
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find that it has almost no fossil record in the area studied here.
The species is easily recognized by varices that, unlike those of
most other Bursa species, are not aligned up opposing sides
of the shell, but are situated at each 240° around the spiral,
as in the Ranellidae Cymatiinae, combined with a red to dark
brown parietal color patch in the inner lip, with an obvious,
thin, white to pale gray, finely reticulate intritacalx on fresh
shells, giving them a silky sheen, with relatively small average
size (reaching 110 mm, but rarely exceeding 65 mm H), and
with sculpture resembling that of B. natalensis, but with more
rounded nodules and with lower and more rounded granules
between the major spiral cords. Other differences from B. na-
talensis are listed above.

Bursa ranelloides exhibits a great range of variation in the
size and number of the nodules on the two whorl angula-
tions throughout its geographical range, so that samples con-
sisting of relatively few specimens have been considered by
numerous authors over the years to be species distinct from
B. ranelloides. This is particularly so in the western Adantic,
where most authors have considered the variety renuisculp-
ta to be a species distinct from B. ranelloides, even though
Finlay (1978: 148) recognized some specimens in the west-
ern Adantic that conform to the “typical ranelloides” form,
until then supposedly limited to Japan. Bursa canarica and
B. benvegnuae were proposed for specimens intermediate be-
tween the ranelloides and tenuisculpta sculptural extremes. It
is clear, though, that Dautzenberg & Fischer (1906: 36) ap-
preciated that their new variety was merely an infrasubspecific
sculptural variant, because they illustrated Japanese shells that
they considered to fall into both their variety tenuisculpta and
“specimens intermediate between the type and the var. renui-
sculpta.” Examination of numerous specimens from the west-
ern Adantic and the collection of Indian Ocean specimens
that fill the apparent range gap between the previously known
Japanese and South African populations (Beu, 1998b: 161,
reporting specimens dredged off of Réunion Island and the
Comores Islands by MNHN, Paris) have shown that (a) the
same variation in sculpture is present throughout the range,
and (b) this is a single, widespread, highly variable species.
Part of the apparent difference in the range of sculptural varia-
tion between the Japanese and Adantic populations probably
results from many of the Japanese specimens having been col-
lected in shallower water than the Adlantic, South African,
or Indian Ocean ones, because this species appears to follow
the usual tendency of ranellids and bursids to be progressively
taller, narrower, more finely sculptured, and paler in color in
progressively deeper water. However, the excellent range of
large, beautiful specimens from Guadeloupe, West Indies,
loaned to me by Dominique Lamy, shows that specimens
with few, large, strongly rounded nodules at the periphery,
identical to Japanese ones, are common in some areas in the

western Atlantic.

As is also noted above for Bursa corrugata, some European
Miocene fossil specimens resemble B. ranelloides so closely
that specific distinctions are not obvious. The specimens from
the Vienna Basin described as Ranella (Lampas) austriaca
by Hoernes & Auinger (1879: 186, pl. 23, figs 10-12) were
not present in the collections that I examined at NHMV in
1998, but one specimen (NHMV 1894/24/37, from Vosgau,
Vienna Basin) was examined that was identified as “Ranella
scrobiculata Kiener,” the name that Hoernes & Auinger (1879)
said that they were replacing with the new name R. austriaca.
This specimen appeared to be a normal specimen of the finely
sculptured form of Bursa ranelloides that is so common in
Recent deep-water populations. Cossmann & Peyrot (1924:
312, pl. 16, figs 16-17) named and illustrated an exceedingly
similar but slightly narrower shell from Miocene rocks of the
Aquitaine Basin, southwestern France, under the name “Bursa
lessonae race occidentalis.” These occurrences suggest that sev-
eral of the Bursa species that are widespread in the Indo-West
Pacific and Atlantic at present, such as B. granularis and B.
ranelloides, had their origins in the Tethys and Paratethys sea-
ways (see maps and dates by Rogl, 1998), along with some
Monoplex species such as M. corrugatus.

Bursa pygmaea appears to be another synonym of B. ranel-
loides. The shape, sculpture and widely separated varices (sit-
uated at each 240°) are identical to those of B. ranelloides,
and Kosuge (1979) described the “fine, linen-like sculpture,”
i.e., the finely cancellate intritacalx. The type locality is “off
Midway Island [the northernmost island of the Hawaiian
chain] at the depth of 380 m,” and at first I was inclined to
doubt the validity of this locality. The locality “Midway” is
misinformation that has been applied to several other mol-
lusks by Japanese fishermen to disguise their sources, and it
seemed possible that the type material actually was collect-
ed in southern Japan. The case would then parallel that of
Nesiocypraea midwayensis Azuma & Kurohara, 1967; Okutani
(1975: 191) reported a specimen from Kurose Bank, off of
Hachijo Island, southeastern Japan. He pointed out that
doubts previously had been expressed about its type locality,
and suggested that the holotype came from submarine banks
off of southern Japan, rather than from Midway Island. A
similar case is “Fusitriton” (actually Sassia) midwayensis Habe
& Kosuge, 1968, supposedly from Midway, but since recol-
lected around Taiwan (Lai & Ou-Yang, 1999; Zhang & Ma,
2004: 94, pl. 2, fig. 8). However, Robert Moffitt (Honolulu
Laboratory, U.S. National Marine Fisheries Service; pers.
comm., August 2003) reported that the Hawaiian Biological
Survey has collected further material of B. ranelloides around
Hawaii. The type material of B. pygmaea was collected during
an oceanographic expedition by R/V Kaiyomaru; material has
been collected again around the Hawaiian Islands, and the
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Midway locality evidently is correct.

Dimensions.—Triton ranelloides, holotype: H 49.6, D 32.2
mm; Simpulum papillosum, holotype: H 40.3, D 25.1 mm;
Bursa pygmaea, holotype: H26.2, D 15.8 mm (Kosuge, 1979);
Seamount 1 cruise, sta. CP79, Seine Banc, near Madeira, east-
ern Atlantic: H 61.1, D 34.1 mm; AMNH 190483, off of
Key West, Florida: H 71.6, D 40.1 mm; H 66.3, D 38.4 mm;
H 55.7, D 31.9 mm; H 53.3, D 31.2 mm; AMNH 190484,
off of Key West, Florida: H 66.2, D 36.0 mm; DMNH, off
of Gurnet Rock, S shore of Bermuda: H 75.5, D 40.8 mm; H
74.3, D 37.5 mm; USNM 417773, off of Key West, Florida:
H 77.2, D 38.1 mm; figured specimen, NMB H 17892, from
NMB 17830, Cayo Agua, Panama (Pliocene): H 33.8, D
22.5 mmy; largest seen, from Raket Bank, off of St. Barthelemy
Island, Guadeloupe: H 109.7, D 53.8 mm (an almost com-
pletely smooth specimen of the tenuisculpta form); next larg-
est, same locality, coarsely nodulose: H 93 (incomplete), D 48
mm (incomplete); next largest, same locality, coarsely nodu-
lose: H 85.9, D 49.4 mm.

Types.—Triton ranelloides, holotype BMNH 1967594,
labelled “Philippines.” This locality evidently is yet another
incorrect Hugh Cuming label, because B. ranelloides has not
been recollected from the Philippine Islands, and the holotype
appears to have been abraded on a beach; it is almost certainly
from southern Japan. The type locality is here designated as
Sagami Bay, Honshu, Japan. Simpulum papillosum, holotype
(PL. 5, Figs 1, 4; figured also by Beu, 1971: pl. 8, fig. 8) BMNH
1967680, from “Takano-Sima,” Japan. Bursa (Lampas) ranel-
loides var. tenuisculpta, 7 presumed syntypes, most not seen,
from: (1) sta. 899 (1897 expedition), 200 m, Princess Alice
Bank, Azores Islands, North Atlantic, one alive; and (2)
sta. 1242 (1901 expedition), 240 m, Seine Bank, Madeira,
northern Atlantic, 6 empty shells. Dautzenberg’s collection
in IRSNB contains several specimens identified as “Ranella
ranelloides var. tenuisculpta”: (1) Martinique, West Indies,
coll. Crosse (one, very finely sculptured but as noted above,
seems likely to have been muddled with the neighbouring
specimen of B. natalensis, supposedly from Princesse Alice sta.
1242, Seine Banc, near Madeira); (2) sta. 2034, 26 July 1905,
185 m, “pres. Monaco Inst.” (one, ie., possibly one of the
syntypes of R. ranelloides var. tenuisculpra). Another specimen
bears identical data to no. (1) here, but bears very fine periph-
eral nodules and is labeled only as “Ranella ranelloides Reeve.”
It therefore appears that (a) Dautzenberg & Fischer’s (1906)
varietal name was intended to apply only to exceedingly finely
sculptured specimens, with no peripheral nodules whatsoever,
and (b) most or all of the syntypes illustrated by Dautzenberg
& Fischer (1906) are in the Musée Oceanographique, Monaco;
two syntypes in MNHN, from Princesse Alice sta. 1242, Seine
Bank, Madeira, 240 m, 10 September 1901, ex collection H.
Fischer. Bursa finlayi, holotype USNM 634570, Triton sta.

615, dredged on Pourtales Plateau off of Sombrero Key Light,
Florida Keys, in 210 m, by T. L. McGinty, 8 July 1951; 3
paratypes in T. L. McGinty collection, dredged off of Sand
Key Light, Florida, in 130-137 m; further paratypes from fish
traps off of Gibara, Oriente Province, Cuba, collected by C.
J. Finlay, and from Matanzas Bay, Cuba, collected by C. J.
Finlay, in USNM, collections of T. L. McGinty and of C. J.
Finlay (now at FAU) (but all except the holotype are speci-
mens of B. natalensis). Bursa (Colubrinella) (sic) canarica, ho-
lotype (not seen) originally in Nordsieck collection, no. 67.02,
from “Gran Canaria” (Nordsieck, 1975: 4), present location
not known to me. Bursa (Colubrellina) benvegnuae, holotype
(not seen) in Museu de Zoologia, Universidade de Sao Paulo,
Brazil, MZUSP no. 18477, from W Besnard sta. 444, off of
Mostardas, Rio Grande do Sul, Brazil, 31°31’S, 49°47°W; 2
paratypes from the same station MZUSP 18478. Bursa pyg-
maea, holotype (not seen) in the Institute of Malacology of
Tokyo (Kosuge, 1979), from Midway, Hawaiian Islands (dis-
cussed above).

Other material examined.—Recent: South African, Indian
Ocean, and Japanese material not listed here. E Atlantic: 42
lots at MNHN, largely from the Seamount cruises 1 & 2,
material listed and illustrated by Gofas & Beu (2002), from
Canary Islands, Azores Islands, Lusitanian Seamounts, Meteor
Bank, Hyeres Bank, Irving Bank, Plato Bank, Atlantis Bank;
La Palma, Canary Islands (GNS, 2 lots). W Atlantic: 60 lots,
at AMNH, ANSP, DMNH, GNS, LACM, MCZ, USNM,
C. J. Finlay colection (now at FAU), and D. Lamy collection
(the USNM Florida material is largely from J. B. Henderson’s
Eolis stations, which were discussed, with a web address
for more accurate stations, by Bieler & Mikkelsen, 2003);
from Bermuda, Florida, E Mexico, Cuba, Puerto Rico, and
Antillean islands (Virgin Islands, Martinique, Guadeloupe).

Fossils: Trinidad: Middle Miocene(): USGS 19865,
Trinity Hill Sandstone member of Moruga Fm (USNM, 2).
Atlantic Panama: Pliocene: NMB 17830, Cayo Agua Fm, E
coast Cayo Agua, small island 1.3 km SE of Punta de Tiburdn,
Bocas del Toro Basin (NMB H 17892, 1, PL. 5, Fig. 8).

Distribution.—Bursa ranelloides is moderately common
in offshore (particularly rocky) habitats in the eastern and
western Atlantic. In the western Atlantic, it is recorded from
Bermuda and southern Florida (where it seems to be quite
common), USA, south to “northeast Brazil” (Rios, 1994: 92).
Paulmier (1994: 9, fig. 24) illustrated a specimen from 320
m, off of Martinique, West Indies. Its range is poorly docu-
mented in the central and eastern Atlantic, but it is recorded
from at least the Azores (Gofas & Beu, 2002), Madeira, and
the Cape Verde Islands and on many of the offshore banks,
and presumably occurs much more widely than this in depths
of 100 m to more than 1,200 m. However, no specimens have
been collected from close to the African mainland. An inter-
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esting record is from Vema Seamount, east of Walvis Ridge,
SE Atlantic (NMP D.4374, 1). In South Africa, it is recorded
from 168 m, 13 km WINW of Scottsburgh Lighthouse, Natal
(G. B. Sowerby III, 1902: 95) and 46 lots have been exam-
ined at NMP, ranging from the Transkei coast (southwestern-
most: NMP C.1176, R/V Meiring Naudé sta. D2, off of Port
Grosvenor, 120-128 m, 39°57°9”S, 31°25°9”E, 1 specimen)
to northern Zululand (northeasternmost: NMP D.8368, R/V
Meiring Naudé sta. ZA16, SE of Kosi River mouth, 200 m,
26°54.6’S, 32058.6’E, 1 specimen). There it is part of the
northern, warm-water fauna, the tail of the Indian Ocean fau-
na rather than the cool-water endemic South African fauna,
indicating that it ranges farther northeastward into the west-
ern Indian Ocean; NMP sampling ceased at the Mozambique
border. In the Indian Ocean, it is recorded from six samples
taken in 80-340 m off of Réunion Island and from Benthedi
sta. 49, 300-450 m, W of Passe Boueni, off of Mayotte,
Comores Islands (Beu, 1998b: 161; material in MNHN). It
will presumably be found to occur much more widely in the
western Indian Ocean once more extensive deep-water sam-
pling has been carried out. In Japan, B. ranelloides is a well
known shell in relatively shallow water, from Boso Peninsula
southward (Kuroda ez 2/, 1971: 134); Okutani (2000: 269)
recorded that in Japan, specimens occur from the “intertidal
zone down to 200 m deep,” whereas it is definitely an outer
shelfand upper bathyal species throughout the rest of its range.
Kuroda ez al. (1971: 134, as Bufonariella ranelloides) recorded
specimens dredged in Sagami Bay, Honshu (its northern limit,
Boso Peninsula, forms the northern margin of Sagami Bay),
at five localities in 65-87 m. Specimens were recorded also
from Taiwan by Lai (1987: 20, fig. 3, as Tutufa ranelloides),
and material in MNHN was dredged recently off of eastern
and northeastern Taiwan (25 specimens at nine stations, in
221-532 m). No fossil or Recent material is recorded from the
eastern Pacific, but fossils are recorded from a few Miocene
and Pliocene localities in the western Atlantic. This distribu-
tion pattern is unique for a tonnoidean, as far as [ am aware. I
know of no authentic records from the Philippine Islands (de-
spite the original locality data for the holotype of Triton ranel-
loides) or from the northwestern Pacific area between Taiwan
and the northern Indian Ocean. The Japanese and Hawaiian
populations evidently are isolated from the Indian Ocean to
the Adantic, suggesting that the occurrences in Japan-Taiwan
and Hawaii are relict from a formerly wider distribution in the
Pacific. Fossil specimens have been reported previously from
the Pliocene Shinzato Fm of Okinawa, Japan, (Ogasawara,
2002: 328) and the late Middle Pleistocene (oxygen isotope
stage 5e¢) Ryukyu Limestone of Kikaijima, Ryukyu Islands,
southern Japan (Ogasawara, 2002: 329), but the only others
known to me are those listed here.

Bursa rhodostoma (G. B. Sowerby 11, 1835)
PL 5, Figs 5,7, 10-12, 15

Ranella rhodostoma G. B. Sowerby 11, 1835: pl. 88, fig. 10; 1841b:
52; Deshayes, 1843: 552; Reeve, 1844b: pl. 7, fig. 32; Chenu,
1859: 155, fig. 712; Kiister & Kobelt, 1871: 155, pl. 34a, fig.
11.

Ranella thomae d’Orbigny, 1841a: 250, pl. 23, figs 23-24; Krebs,
1864: 25; Morch, 1877: 24; E. A. Smith, 1890b: 269.

Ranella venustula Reeve, 1844b: pl. 7, fig. 37; 1844d: 138; Angas,
1877: 180.

Ranella paulucciana Tapparone-Canefri, 1876b: 244; 1881: 51, pl.
2, figs 16-17.

Ranella rhodostoma var. xantostoma Tapparone-Canefri, 1878: 249.

Ranella (Lampas) cruentata var. rhodostoma. Tryon, 1880: 40, pl. 21,
fig. 25.

Ranella bergeri “Sowerby.” Tapparone-Canefri, 1881: 50, pl. 2, fig.
1, 2.

Ranella (Lampas) thomae. Watson, 1886: 400; Gregory, 1895: 288.

Gyrineum cruentatum. Dall & Simpson, 1901: 416 (not Ranella cru-
entata G. B. Sowerby 11, 1835).

Bursa mammata. Hedley, 1915: 28; Iredale, 1931: 212; Iredale &
McMichael, 1962: 55 (not Bursa mammara Réding, 1798, =
Murex bufonius Gmelin, 1791).

Ranella (Lampadopsis) cf. thomae. Trechmann, 1930: 208, pl. 12,
fig. 18.

Ranella (Bursa) thomae. Trechmann, 1933: 39.

Bursa (Bursa) thomae. Morrison, 1949: 11; Abbott, 1954: 197; Rios,
1975: 81, pl. 22, fig. 329.

Lampadopsis rhodostoma. Habe, 1961: 47, pl. 24, fig. 1; Oyama &
Takemura, 1963: Lampadopsis plate, figs 1-2; Habe, 1964: 75,
pl. 24, fig. 1; Okutani, 1986: 116-117, top center fig.

Bursa thomae. McGinty, 1962: 40; Warmke & Abbott, 1962: 103,
pl. 18j; Humfrey, 1975: 126, pl. 14, figs 5, 5a; Finlay, 1978: 149;
Bandel, 1984: 101, fig. 162, pl. 10, fig. 4; de Jong & Coomans,
1988: 70; Diaz & Gétting, 1988: 156; Leal, 1991: 112; Lipe
& Abbott, 1991: 14-15, illus.; Diaz & Puyana, 1994: 174, fig.
652.

Bursa (Bursa) aff. thomae. Jung, 1969: 486, pl. 49, figs 1-2; Rios,
1970: 74.

Bursa (Bursa) thomae. Matthews & Coelho, 1971: 4, figs 6-7; Coelho
& Matthews, 1971: 47, figs 1-3.

Bursa (Lampasopsis) thomae. Abbott, 1974: 166, pl. 7, fig. 1777.

Bursa rhodostoma. Salvat & Rives, 1975: 307, fig. 181; Hinton,
1978: 32, figs 5, 5a; Kay, 1979: 229, figs 80C-D; Garcia-
Talavera, 1983: 33, 135; Drivas & Jay, 1988: 60, pl. 15, fig. 9;
Lai, 1989: 21, fig. 4; Wilson, 1993: 227, pl. 43, fig. 5; Kubo in
Kubo & Kurozumi, 1995: 78, fig. 5; Beu, 1998b: 163, fig. 47g,
52h, k, 58¢; Zhang & Ma, 2004: 176, text-fig. 109.

Bursa (Lampasopsis) rhodostoma. Nordsieck & Garcia-Talavera,
1979: 126, pl. 28, fig. 2.

Bursa (Bursa) rhodostoma rhodostoma. Beu, 1985: 63; Cossignani,
1994: 56.

Bursa (Bursa) rhodostoma thomae. Beu, 1985: 63; Rios, 1985: 79
(not pl. 28, fig. 344, = B. grayana); Cossignani, 1994: 57; Rios,
1994: 92 (not pl. 30, fig. 362, = B. grayana); Guerreiro & Reiner,
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2000: 119-120; Redfern, 2001: 57, pl. 29, figs 245A-B, pl. 109,
fig. 245C.

Bursa (Bursa) rhodostoma. Springsteen & Leobrera, 1986: 124, pl.
34, fig. 9.

Bursa bergeri. Drivas & Jay, 1988: 60, pl. 15, fig. 8.

Bursa venustula. Drivas & Jay, 1988: 60, pl. 15, fig. 10.

Bursa (Bursa) venustula. Cossignani, 1994: 62, illus.

Bursa (Ranella) rhodostoma. Okutani, 2000: 269, pl. 133, fig. 4.

Bursa rhodostoma thomae. Ardovini & Cossignani, 2004: 132, 2
lower right figs, 133, upper left fig.

Remarks.—Bursa rhodostoma is easily recognized by being the
smallest species of Bursidae in the region studied here (rarely
reaching 50 mm H, although most specimens do not exceed
30 mm), by its white (in a few specimens) to purple, lavender,
or deep red aperture (rather than consistently white as in the
similar species B. grayana), by its less obviously coarse and
nodulose sculpture than in B. grayana, by its siphonal fasciole
being less prominent (less strongly curved to the left) than in
B. grayana, by lacking the short radial ridges around the top
of the sutural ramp that are consistently present in B. grayana,
and by most specimens having short posterior canals that do
not protrude beyond the varices, as they do consistently in B.
grayana.

Bursa rhodostoma is highly variable in apertural color (from
white, in a few specimens, through mauve to deep purple and
deep red), in the prominence of the apertural ridges and nod-
ules, in the prominence of the external sculpture, and in the
external coloration. Most specimens are encrusted with cor-
alline algae; unencrusted specimens range from plain white
through weakly spotted with pale brown on and/or between
the spiral cords, to a pale brown background with many dark
brown spots or streaks on and between the spiral cords. The
various forms have received several names, but are all part of
a single variable species (Beu, 1998b). I have not previously
included Ranella venustula in the synonymy of B. rhodostoma,
because this is based on a rather distinctive form (types illus-
trated by Cossignani, 1994: 62) from eastern French Polynesia
with a reddish purple aperture, and it has always seemed that
it might turn out to be a distinct species. However, the exten-
sive, carefully, and systematically collected faunas of eastern
French Polynesian island groups now available in MNHN
(tonnoideans being surveyed by me, in prep.) demonstrate
that a separate eastern Polynesian species does not exist; B.
venustula is merely a further form in the range of variation of
B. rhodostoma.

I treated (Beu, 1998b: 163) the Atlantic and Pacific forms
of Bursa rhodostoma as geographical subspecies, although mor-
phological differences were not detected, and the only differ-
ence between them is the lower incidence of specimens with
red or dark purple apertures in the Atlantic than in the Pacific
populations, z.c., most Atlantic shells have a pale mauve aper-

ture, whereas this color form occurs in only about a third of
Pacific specimens. This character was considered also by Leal
(1991: 112) to separate these forms as full species. However,
because specimens from both the Pacific and Atlantic popu-
lations seem to show a similarly wide range of variation in
adult size, in teleoconch sculpture and external color, and in
apertural armature (low nodules to quite prominent teeth in-
side the outer lip), and because Nordsieck & Garcia-Talavera
(1979: 126, pl. 28, fig. 2) have illustrated an eastern Atlantic
specimen with a red aperture, the differences between the
Atlantic and Pacific populations now seem so trivial as not to
separate discrete taxa. I regard this as one widespread, highly
variable species of Bursa. Again, the Adantic population seems
merely to have lower genetic variation than the Indo-West
Pacific one, possibly as the result of an initial appearance in
the Atlantic of a spat-fall of very few specimens.

Such points of taxonomic decision are, of course, critical to
the conclusions reached about biogeographical relationships.
The taxonomy will only be certain after molecular studies, but
the decision comes down to one question: can the fossi/ shells
be distinguished? In this case they certainly cannot, and I am
satisfied that the named forms all belong to a single species,
living in both the Atlantic and Indo-West Pacific Oceans, and
kept in genetic continuity by transport of occasional larvae
around South Africa in the Agulhas leakage.

Dimensions.—Ranella rhodostoma, lectotype: H 22.0, D
16.2 mm; paralectotype: H 28.4, D 20.2 mm; R. thomae,
holotype: H 18.4, D 14.1 mm; Recent, Washerwoman Key,
Florida, MCZ 250675: H 34.1, D 24.7 mm; Recent, 25
m, Pompano Beach, Florida, C. J. Finlay collection (now at
FAU): H 39.3, D 27.3 mm; DMNH 96974, 4 km off S shore
of Bermuda: H 40.0, D 28.7 mm; figured specimen, NMB H
17893, from NMB 19007 (TU 1239), Limén, Costa Rica: H
22.6, D 16.8 mm; figured specimen, NMB H 17894, from
NMB 17516, Cantaure, Venezuela: H 27.7, D 20.9 mm.

Types.—Ranella rhodostoma, lectotype designated by me
(Beu, 1998b: 165) BMNH 1966542/1, with 2 paralectotypes
BMNH 1966542/2-3, from “Isl. Masbate, of the Philippines.”
Ranella thomae, holotype BMNH 1854.10.4.414, from “St.
Thomas,” West Indies. Ranella venustula, 3 syntypes BMNH
1966541, from “Lord Hood’s Island” (South Marutea Island,
Gambier Islands) (Cossignani, 1994: 62, syntypes illustrated).
Type material of R. bergeri, of R. paulucciana, and of R. rhodos-
toma var. xantostoma not seen. Cossignani (1994: 57) reported
that 15 specimens (presumably syntypes) of Bursa bergeri are
present in Tapparone-Canefri’s collection, in Museu Civico
di Storia Narurale “Giacomo Doria,” in Genoa, and the type
material of the other two taxa named by Tapparone-Canefri is
presumably in the same museum.

Other material examined.—Recent: E Atlantic: Canary
Islands: Medano, Tenerife (DMNH 47525, 2); Santa Cruz,
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Tenerife (BMNH 1887.2.9.1220, 2); Candelaria, Tenerife
(TFMC 1566, 11); 3-10 m, Bahia del Puerto, La Palma
(GNS WM14953, 2); 3 m, La Palma (GNS WM15190, 1);
Los Christianos, Tenerife (GNS WM 17407, 4). Madeira: [no
further data] (BMNH 1911.10.26.11134-5, 2). Cape Verde
Islands: beach, Baia Algodociro, Ilha Sal (MNHN, 3); beach,
Mindelo, Baia Porto Grande, Sio Vicente (MNHN, 1); St.
Vincent (USNM 253391, 3; BMNH 1959.10.12.72, 2); {les
du Cap Vert, coll. Petit de la Saussaye (MNHN, 1); Cape
Verde Islands (MNHN, 1; BMNH, 6); Cap Vert (MNHN,
1); Calypso sta. 84, Sal, 19-22 m, 16°34.5’S, 22°52.5W
(MNHN, 2); Calypso sta. 83, Sal, 27-45 m, 16°34.6°S,
22054.6’'W (MNHN, 1); Cancap-VI sta. 6.174, Tydeman
Cape Verde Islands Expedition 1982, 75 m, NW of Sao
Vicente, 16°55’N, 25°02’W (RMNH, 1); 10 m, Matiota
Bay, St. Vincent (GNS WM16694, 1), St. Vincent (GNS
WM15191, 1); 12 m, scuba, Matiota Bay, St. Vincent, “al-
ways with blue sea urchin” (GNS WM13778, 1). Central
Atlantic Islands: St. Helena (USNM 123969, 2; BMNH
1889.10.1.2416-20, 7); Ascension Island (LACM 55279,
2). W Atlantic: 113 lots, at ANSP, BMNH, DMNH, GNS,
MCZ, RMNH, SME USNM, ZMA, Zoological Musuem,
University of Bologna, and C. ]. Finlay collection (now at
FAU); from Bermuda, Bahamas, Florida, Louisiana, E
Mexico, Cuba, Dominican Republic, Puerto Rico, Jamaica,
Cayman Islands, Antillean islands (St. John, St. Croix, St.
Lucia, Dominica, Martinique), E Colombia, Aruba, Bonaire,
Curacao, Guiana (OCPS sta. H59, 49 m, off of Suriname,
7°08.5’N, 56°57.0°W; RMNH, 1).

Fossils: Florida: Late Early Miocene, Chipola Fm:
TU 547, ex S. Hoerle collection (I, USNM). Jamaica:
Pleistocene: Manchioneal beds, Navy Island, Port Antonio
[BMNH Palacontology Department, GG5358, 1, specimen
figured by Trechman (1930: 208, pl. 12, fig. 18), pres. C.
T. Trechman, 1936]. Barbados: Pleistocene or Holocene?:
low-level reefs, Bishopscourt (BMNH Palacontology
Department, G10866, 2); post-coral rock, near Silversands
[BMNH Palacontology Department, G69042, 1, specimen
listed by Trechman (1937: 355), pres. C. T. Trechman, 1938].
Trinidad: Middle Miocene: 400 m past Brasso River on road
to Brasso (UCMP S-8137, 1). Early Pliocene: USGS 18634
(USNM, 1; specimen illustrated by Jung, 1969: pl. 49, fig.
1, 2); Springvale Fm, Claxton Bay exit from motorway, col-
lection of Bernard Landau (1). Atlantic Costa Rica: Latest
Pliocene-Early Pleistocene, Limén (McNeill ez 4/, 2000):
USGS 2693 (USNM, 1); 21051 (USNM, 1); TU 1239 =
NMB 19007 (NMB H 17893, 1, illustrated, Pl. 5, Fig. 15);
basal Moin Fm mudstone (Late Pliocene), Rte. 32, 3 km
W of Puerto Limén (BMNH Palacontology Department,
1). Recorded also from the Moin Fm by Robinson (1991,
1993). Venezuela: Late Early Miocene, Cantaure Fm: NMB

17516, lower shellbed NMB H 17894, 8; 1 illustrated, Pl. 5,
Figs 10, 12); same locality (UCMP S-8360, 1); same locality,
collection of Bernard Landau (11). Pliocene: USGS 24704,
Cumand Fm (USNM, 1).

Distribution.—Bursa rhodostoma lives today throughout
the Indo-West Pacific Province, from Madagascar (and pos-
sibly eastern South Africa) to the northern Indian Ocean and
the Red Sea, from southern Honshu, Japan, south to Sydney
Harbour, New South Wales (where a specimen was collected
alive at Bottle and Glass Rocks during the 19 century), and
eastward throughout Melanesia and Polynesia to Hawaii (Beu,
1998b). In the western Atlantic, it ranges from South Carolina
(Merrill & Petit, 1965: 63), USA, to Bahia, Brazil (Abbott,
1974; Coelho & Matthews, 1971), including Louisiana,
USA, and from Fernando de Noronha and Martin Vas Islands
and many seamounts off of Brazil (Rios, 1994: 92; Leal, 1991:
112). Matthews (1968) recorded specimens found commonly
in the gut of the toadfish or “pacomon,” Amphichthys cryp-
tocentrus, caught off of Fortaleza, Ceard, Brazil. E. A. Smith
(1890b) recorded it also from St. Helena, and specimens are
listed above from St. Helena and Ascension Island. In the east-
ern Atlantic, it is recorded from Madeira, the Canary Islands,
and the Cape Verde Islands (Nordsieck & Garcia-Talavera,
1979; and above). There are no fossil or Recent records from
the eastern Pacific. In the western Adantic, fossils range in age
from late Early Miocene to late Pleistocene, although this is
a very uncommon fossil, not known from many of the classi-
cal localities in the study area. Gregory (1895: 288) recorded
Pleistocene fossils from Barbados.

Bursa rugosa (G. B. Sowerby 11, 1835)
PL 5, Figs 9, 13-14; PL 6, Figs 1-10

Ranella rugosa G. B. Sowerby 11, 1835: pl. 85, fig. 7; 1841b: 53;
Reeve, 1844b: pl. 5, figs 21a-b.

2 Tritonium commutatum. Gabb, 1873: 211 [according to Gabb
(1881: 353), not Triton commutatum “Dunker,” but Dunker’s
name is a nomen nudum, listed below under Charonia variegata
(Lamarck, 1816)].

Bursa (Marsupina) albofasciata boussingaulti Rutsch, 1934: 58-59,
fig. 7; pl. 3, figs 3-4.

Bursa (Ranella) sp. Trechman, 1935: 542, pl. 21, fig. 20 (as Bursa
(Ranella) cf. amphitrites in caption to pl. 21).

Bursa (Colubrellina) caelata amphitrites. Woodring, 1959: 207, pl.
28, figs 1-2, 7-8; Jung, 1965: 513, pl. 68, figs 12-13, pl. 69, fig.
2; Perrilliat, 1972: 76, pl. 37, figs 12-15 (not Bursa amphitrites
Maury, 1917).

Bursa calcipicta. Keen, 1958: 348, fig. 328; 1971: 508, fig. 965;
Finet, 1991: 270 [in part not Bursa (Lampadopsis) calcipicta
Dall, 1908, = Crossata ventricosa (Broderip, 1833)].

Bursa (Colubrellina) sp. Olsson, 1964: 172, pl. 30, fig. 4.

Bursa (Colubrellina) species A. Jung, 1971: 189, pl. 11, figs 5-7.

?Bursa sp. Cosel, 1984: 221.
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Bursa (Bursa) rugosa. Beu, 1985: 63, fig. 39; Cossignani, 1994: 50;
Kaiser, 1997: 33.

Bursa (Colubrellina) sp. Perrilliat, 1987: 15, pl. 4, figs 3-4.

Bursa amp/yz'trites. Petuch, 1992: 108, ﬁg. 3G (not Bursa amp/aitrz'te:
Maury, 1917).

Bursa (Lampasopsis) (sic) amphitrites. Petuch, 1994: 120, pl. 39, figs.
L-M; 1997: 224, fig. 83] (not Bursa amphitrites Maury, 1917).

Bursa (Bursa) calcipicta. Kaiser, 1997: 32 [not Bursa (Lampadopsis)
calcipicra Dall, 1908].

Bursa rugosa. Beu, 2001: 711, ﬁgs 1.3, 1.5.

Remarks.—Bursa rugosa is distinguished from the other, similar
Bursa species in the study region (a) by its moderately large
size (up to ca. 70 mm H), (b) by its very prominent, strongly
curved siphonal fasciole, curving to the left of the aperture
and then back to the right, to form a deep pseudumbilicus
that is covered over in almost all specimens by a wide flare
of the inner lip to the left of the lower columellar area, (c)
by its equally widely flared outer lip with a weakly digitate
outer margin, (d) by its prominent apertural ridges, the inner
lip bearing many large, rather closely spaced, weakly anasto-
mosing transverse ridges and the inner edge of the outer lip
bearing five pairs of prominent transverse ridges correspond-
ing to the interspaces between the exterior spiral cords (three
ridges are present in a few of these groups, rather than two, in
a few specimens), (e) by its short to moderately tall spire with
moderately to strongly stepped outlines, caused by the weakly
concave sutural ramp above the moderately large shoulder
nodules of most specimens, (f) by its external sculpture of
four major spiral cords, bearing numerous, small to few, large,
rounded nodules on at least the upper two cords, forming
obvious buttresses where the cords cross the adapertural and
abapertural variceal hollows, and forming low, rounded but
obvious nodules where the cords cross the varices, (g) by its
varices being strictly aligned up the opposing sides of the spire
until the last whorl or two of large specimens, when they be-
come progressively further offset as the shell grows, (h) by its
moderately long (on Recent specimens and well preserved fos-
sils) semitubular posterior siphonal canals, protruding above
the varices on most specimens to produce blunt spines, and
(i) by its finely to moderately prominently rugose surface be-
tween the major spiral cords.

Bursa rugosa is the most common intertidal Bursa spe-
cies in the Panama Bay area at present (material listed be-
low) and is much the most common fossil Bursa species in
tropical America (recorded here from nine faunas), and yet
the mention of the similarity of his material to B. rugosa by
Olsson (1924: 124) is the sole reference to this name in the
modern literature before Beu (2001). Experience of the liv-
ing Indo-West Pacific fauna (e.g, identifications contributed
to Springsteen & Leobrera, 1986; Beu, 1987, 1998b; Beu in
Poppe, 2008) leaves no doubt that B. rugosa does not occur in

the Indo-West Pacific province, and this is presumably yet an-
other example of Hugh Cuming’s mislocalized material. The
abundant Recent material from Panama (notably DMNH
91396, 6; DMNH 39411, 26) agrees precisely with Sowerby’s
type material (PL. 5, Figs 9, 13) in all characters, and there is
no doubt about the identity of the Panamic species. The ma-
terial from Gorgona Island, eastern Colombia, identified as
“Bursa sp.” by Cosel (1984: 221) also is B. rugosa (examined
at SMF).

Rutsch’s name Bursa (Marsupina) albofasciata boussingaulti
was proposed as a result of several misconceptions. This spe-
cies belongs in Bursa sensu stricto, no matter what subgeneric
position is used for other species. Marsupina is reserved here
for species closely related, in a phylogenetic sense, to the type
species, the western Adantic M. bufo (Bruguiere, 1792). The
only Pliocene to Recent eastern Pacific species belonging to
Marsupina are Ranella nana Broderip & Sowerby, 1832, and
“Gyrineum” strongi Jordan, 1926 (see below); Ranella albo-
Jasciata was based on a coarsely sculptured variant that oc-
curs in most samples of M. nana. Also, larger collections from
the type locality of B. albofasciata boussingaulti, most notably
the excellent lot of 30 specimens collected by Jack and Win
Gibson-Smith (NMB 17531), demonstrate that the holotype
is a small, immature specimen, and larger shells agree with the
population living in Panama Bay in all characters. Most of
the large lots of fossils collected at the many other Caribbean
and Panamic localities where this species occurs also consist
mainly of rather small specimens, but a few large ones are
seen in most large samples, and the smaller ones agree with B.
rugosa in all essential characters.

The specimens from the Grand Bay Fm at Carriacou
Island, West Indies, identified by Jung (1971: 189) as “Bursa
(Colubrellina) species A” are calcite neomorphs (as is all the
rest of this collection), and nearly all of them have the shell
surface severely abraded, to the extent that the shell shape is
substantially modified and the original sculpture is not de-
terminable. One specimen has a small area of original sculp-
ture preserved, and its coarsely nodulose sculpture appears
to be that of B. rugosa. Also, the specimen from the same
source illustrated by Trechman (1935: pl. 21, fig. 10; BMNH
Palacontology Department, GG4400) has better-preserved
sculpture than all of the NMB material, showing two periph-
eral rows of small, rounded nodules, with 7 nodules in the
upper and 8 in the lower row in the last intervariceal inter-
val. However, all material lacks apertural characters, and the
Carriacou form is not certainly identifiable. Donovan ez al.
(2003) pointed out that Grand Bay Fm is a slumped, tubiditic
formation deposited in deep water (> 150-200 m) and so it is
not surprising that aragonitic fossils contained in it have been
altered to calcite.

Dimensions.—Ranella rugosa, lectotype: H 49.1, D 33.7
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mm; paralectotypes: H 48.4, D 32.3 mm, and H 46.6, D
31.2 mm; Recent, Panama Bay, AMNH 122936: H 60.4, D
39.5 mm; Bursa albofasciata boussingaulti, holotype: H 36.7,
D 24.5 mm; figured specimen, NMB H 17895, from NMB
183006, Panama: H41.2, D 29.5 mm; figured specimens from
NMB 17531, Punta Gavildn, Venezuela: NMB H 17896
(largest): H 71.2, D 41.8 mm; NMB H 17897: H 61.2, D
36.1 mm; NMB H 17898, smallest: H 22.9, D 16.9 mm.

Types.—Ranella rugosa, three syntypes BMNH 1989133,
from “Manila,” Philippine Islands (wrong), ex Cuming col-
lection; the type locality is here designated as Perlas Islands,
Panama Bay. The largest syntype most nearly resembles
Sowerby’s (1835: pl. 85, fig. 7) figure. Bursa (Marsupina) al-
bofasciata boussingaulti, holotype NMB H 1870 (Pl. 5, Fig.
14), from Punta Gavildn, Venezuela (Early Pliocene); with
2 paratypes NMB H 1871/1-2, all data as for the holotype;
one paratype NMB H 1872, Punta Gavildn beds, coast
near Sabanas Altas, northern Venezuela (localities shown by
Rutsch, 1934: fig. 2).

Other material examined.—Full material is listed for this
species, because it has not been recognized under this name
previously. Recent: E Pacific: W Mexico: 5-22 m, S side
Bahia Cuastocomate, 5 km N'W of Barra de Navidad, Jalisco
(LACM 68-41, 1). Pacific Costa Rica: 1-2 m, N side Bahia de
Culebra (ANSP 308538, 1); 2-10 m, E Bahia Cocos, 9 km SW
of Puerto Culebra (ANSP 307934, 1); Islas Tortugas (MCZ,
4); 10-25 m, small islets off of Punta Quepos, Puntarenas
Province, Searcher sta. 462-464 (LACM 72-58, 2); 40 m,
off of Bahia Herradura, Puntarenas Province, Searcher sta.
451, 456-7 (LACM 72-54, 1); 10-14 m, Bahia Herradura,
Searcher sta. 447 (LACM 72-52, 3); 8-13 m, N side Isla del
Cano, Puntarenas Province, Searcher sta. 471-4 (LACM 72-
63, 1). Pacific Panama: Venado Island, Panama Bay (MCZ,
1); Panama Bay (AMNH 122936, 1); 10 m, E side Tabogo
Island (ANSP 314498, 3); Pacific Panama (DMNH 91328,1;
DMNH 91396, 6); Balboa, Pacific Panama (DMNH 39411,
26); 10-30 m, Isla Otoque, Bona Islands, Panama Bay
(LACM 65-21, 1); Veracruz (LACM B-119, 2); intertidal,
Venado Island (LACM 55014, 3); 50-100 m, on rock, off of
Bahia Honda (LACM-AHF 863-38, 1); 60-70 m, on rock,
off of Medidor Island, Bahia Honda (LACM-AHF 948-39,
1); 6 m, Bahia Honda (LACM 45117, 1); dredged, 73 m,
off of Canal de Afuera Island (GNS WM15229, 2); low tide,
Venado Island (GNS WM14065, 2); intertidal, Balboa (GNS
WM12445, 1; WM12466, 2); dredged, 30-45 m, Canal de
Adentro (GNS WM15227, 1). W Colombia: shallow wa-
ter with Pocillopora, Gorgona Island (LACM-AHF 411-35,
1); 40 m, on mud, off of Monkey Point, Gorgona Island
(LACM-AHF 407-35, 1); 90 m, on mud, off of Port Utria
(LACM-AHF 415-35, 1); R. von Cosel’s material in SMF:
on boulder at 1 m, Ensenada de Utria (1 live); Cassigue haul

18, off of Bueneventura (1); beach, Gorgonilla, S end of Isla
Gorgona (2). Ecuador: 10 m, rocks, S of Salinas, N side Santa
Elena Peninsula, Anton Bruun cruise 16, sta. 6670 (LACM
66-114,1); 16-20 m, on rock with gorgonians, off of Bahia
Santa Elena (LACM-AHF 209-34, 1). Peru: Mancora (ANSP
225130, 1); intertidal, Punta Telagrafo, Paita (LACM 72-86,
1). Galdpagos Islands: Jervis Island (DMNH 66169, 1); N
side Jervis Island (DMNH 64561, 2); 90 m, on rock, Tagus
Cove, Albemarle Island (LACM-AHF 324-35, 1); Sombrero,
San Salvador Island (AMNH 117924, 4); 2.5 m, N shore of
Isla Rabida (Jervis Island) (AMNH 156376, 1); Isla Rabida
(AMNH 156379, 2); dredged, 50 m, Academy Bay, Santa
Cruz Island (AMNH 156378, 1); dredged, 5 m, Las Cuevas,
Isla Santa Maria (AMNH 156337, 1); beach, Bahia Urbina,
Isla Isabella (GNS WM15988, 1); 10-15 m, Bahia Isabel,
Fernandina (Narborough) I (GNS WM17454, 1).

Fossils: Mexico: Pliocene: Agueguexquite Fm: TU 1046
(GNS WM18823, 1). Carriacou: Grenadine Islands: Middle
Miocene: All material is from Grand Bay Fm: NMB H 15448,
Grand Bay cliff (NMB, 1, specimen figured by Jung, 1971; H
15449, 1; PL. 6, Figs 3-4); 10703 (2); 10709 (2); 10710 (7);
13770 (3). Pacific Costa Rica: Pleistocene: NMB 17771
(2). Atlantic Panama: Middle Miocene: Gatun Fm: NMB
17637 (1); 17638 (2); 17639 (1); 17649 (5); lower Gatun
Fm, bed 1 of Todd, quarry floor, Los Lomos Suites, Cativa,
Colon (BMNH Palacontology Department, GG 22586, 1,
large and typical). Late Miocene: Gatun Fm: NMB 17644
(2); 17868 (1); 17871 (1); 18257 (1); 18258 (3); 18261 (1);
18308 (1); 18322 (12); 18389 (1); 18390 (1); 18663 (1);
USGS 16909 (4); 16926 (2, including specimen illustrated
by Woodring, 1959: pl. 28, figs 1-2, USNM 562609); 16949
(2, including specimen illustrated by Woodring, 1959: pl. 28,
figs 7-8, USNM 562608); 21956 (6); 22016 (1); 25281 (1);
CAS loc. 2653, Gatun third locks excavation, Canal Zone,
Gatun Fm (2); CAS 60190, hill N of Sabanita, Gatun Fm
(2); TU 757 (GNS WM16956, 10; WM18820, 43); 958
(GNS, WM 11988, 16; GNS WM18819, 51); 961 (1);
962 (GNS WM18822, 1); Woodring’s loc. 138, Gatun Fm,
Transisthmian Highway 1.6 km E of Canal Zone, Panama
(GNS, WM7971, 3); TU 961, Cativa, Colon, collection of
Bernard Landau (4); Valiente Fm: NMB 17629 (3); NMB
17824 (2); 18375 (1); 18771 (1). Pliocene: Shark Hole Point
Fm: NMB 18716, S end of Playa Lorenzo, S side Valiente
Peninsula (1). Pacific Panama: Pleistocene: NMB 17439
(2); 17443 (1); 18306 (1, illustrated, NMB H 17895; Pl. 6,
Fig. 2, 6). Panama, Darien: Late Miocene: NMB 18504 (1).
Colombia: Pliocene(?): USGS 10927 (1); 11625 (1); UCMP
S-48, Lower Cibarco Fm, 250 m E of Tubar4, Departamento
de Atlantico (1); UCMP S-57, low hills W of Rio Magdalena,
Departamento de Bolivar (1); UCMP §-7423, Arroyo Cibarco,
N of Usiacuri, Departamento de Atlantico (1). Venezuela:
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Late Early Miocene: Cantaure: NMB 12842 (2); 17241 (3);
17242 (1); 17243 (NMB H 13699, 1, specimen illustrated
by Jung (1965: pl. 68, figs 12-13; illustrated here, PL. 6, Fig.
7); H 13700 (1, specimen illustrated by Jung, 1965: pl. 69,
fig. 2); 17248 (1); 17516 (37); locality same as last, collection
of Bernard Landau (11, + GNS WM17449, 4); 17517 (11);
17518 (8); 17519 (31); 17520 (49); 17521 (11); same as last,
collection of Bernard Landau (1); USGS 25171 (4). Late
Miocene: NMB 13112 (4); 16526 (1); 17530 (22); UCMP
S-106, Mataruca Member, Caujarao Fm, Carrizal, E of La
Vela de Coro, Falcén (12). Pliocene: NMB 12045 (3, topo-
types of B. boussingaulti); 12879 (2); 12887, Cubagua Fm,
Araya Peninsula (18; 1 illustrated, NMB H 18050; PL 6, Fig.
9); NMB 13116 (1); 17531 (30, topotypes of B. boussingaultis
2 illustrated, NMB H 17896-17897; PL. 6, Figs 1, 5, 8, 10);
locality same as last, collection of Bernard Landau (3); 17532
(9); USNM, A. A. Olsson’s loc. 210, Cerro Negro Member,
Cubagua Fm, Cafion de los Calderas, Cubagua Island, Nueva
Esparta (1); same as last, collection of Bernard Landau (5);
UCMP §-122, Cubagua Fm, 400 m SW of house at Las
Calderas, Nueva Esparta (1). Ecuador: Late Miocene: NMB
19122 (2 juveniles); USGS 23487 (1). Pliocene: Onzole Fm,
Punta Gorda (USNM 644042, 1; illustrated by Olsson, 1964:
pl. 30, fig. 4).

Distribution:—In the living fauna, the distribution of Bursa
rugosa has been poorly defined until now, because of Keen’s
(1971) confusion of this species with B. calcipicta (= Crossata
ventricosa; see below), but because all of the material that I
have seen that might be assigned to B. calcipicta was collected
well offshore, B. rugosa is presumably the species on which
Keen (1971: 508) based the range of “Tenacatita Bay, Jalisco,
Mexico, 9 to 11 m, to Panama Bay ... and La Plata, Ecuador”;
also recorded by Olsson (1924: 124) from Ecuador and Peru,
although unfortunately he did not record precise localities for
this species, unlike the others in his paper. The LACM mate-
rial listed above makes it clear that B. rugosa lives now from
southern Mexico to at least Paita, Peru. Records of “Bursa
calcipicta” from Cocos Island, Costa Rica (Montoya, 1983,
1984; Skoglund, 1992) and the Galdpagos Islands (Finet,
1985) almost certainly are also based on B. rugosa. Certainly,
B. rugosa is limited to tropical western America at present. It
is therefore particularly interesting for Panamic biogeography
that B. rugosa occurs in Florida [if rarely; specimens identified
by Petuch (1992, 1994, 1997) as B. amphitrites], USA, and
is abundant in Caribbean, Venezuelan, and Colombian shal-
low-water fossil localities of Early Miocene to Pliocene age;
this is one of the clearest examples of a paciphile tonnoidean
species. Other than in the Panama Isthmus itself, where it is
common in Pliocene rocks on both coasts, there seem to be
no records of B. rugosa in the western Atlantic after the end
of Pliocene time. In 1985, I identified a specimen in USGS

8343 (Moin Fm, latest Pliocene-Early Pleistocene, Limén,
Atlantic Costa Rica) as possibly B. rugosa, a biogeographi-
cally important record if it could be substantiated, but T. R.
Waller (USNM, pers. comm., September 2008) found only
Marsupina bufo in this collection. There are also no records
at all from the Dominican Republic, apparently reflecting
the mostly coral reef or offshore, soft-bottom nature of the
Dominican Republic units, and the shallow rocky habitat of
B. rugosa. The specimens identified as B. (Colubrellina) sp. by
Perrilliat (1987: pl. 4, fig. 3, 4) also are clearly B. rugosa, from
the Middle Miocene Ferrotepec Fm in Michoacan, Mexico.

Bursa scrobilator (Linnaeus, 1758)
PL 7, Figs 3-4, 6-7

Murex scrobilator Linnaeus, 1758: 749; 1767: 1218.

Muvex scrobiculator. Gmelin, 1791: 3535.

Tritonium scrobiculator. Réding, 1798: 127.

Murex rana var. Brocchi, 1814: 401 (not Murex rana Linnaeus,
1758).

Triton scrobiculator. Lamarck, 1816: pl. 414, fig. 1, “Liste des ob-
jets”: 4; 1822: 180; Deshayes, 1843: 626; Bellardi & Michellotti,
1840: 33, pl. 2, fig. 7; Philippi, 1843: 213; Reeve, 1844a: pl. 8,
fig. 28; Petit de la Saussaye, 1852c: 194.

Bufonaria pesleonis Schumacher, 1817: 252.

Murex nodosus Borson, 1825: 310.

Ranella tuberculara Risso, 1826b: 203, pl. 9, fig. 123; Arnaud, 1977:
139, pl. 10, fig. 167.

Ranella scrobiculata. G. B. Sowerby 11, 1836: pl. 93, fig. 21; Kiener,
1841: 22, pl. 3, fig. 2; pl. 10, fig. 1; Kobelt, 1883: 9, pl. 31, figs
1-8.

Ranella coriacea Reeve, 1844b: pl. 4, fig. 26; 1844d: 137.

Tritonium scrobilator. Philippi, 1844: 184; Aradas & Benoit, 1876:
280.

Ranella nodosa. Sismonda, 1847: 40; D’Ancona, 1872: 61, pl. 8, figs
5a-b; Bellardi, 1873: 233, pl. 15, fig. 5.

Apollon quercina Morch, 1853: 106.

Ranella scrobiculata. Hornes, 1856: 212, pl. 21, figs 3-4.

Tritonium scrobiculator. Drouét, 1858: 34.

Ranella scrobiculator. Weinkauff, 1868: 73.

Bufonaria scrobiculator var. minor Pallary, 1900: 296.

Ranella (Apollon) nodosa vars. subanodosa and mioquinqueseriata
Sacco, 1904: 39, pl. 11, figs 1-2.

Bursa (Bufonariella) scrobiculator. Thiele, 1929: 284, illus.

Bursa (Bufonariella) scrobiculata and var. nodulosa Segre, 1954: 64,
pl. 3, figs 4-6d.

Bursa (Bufonariella) scrobiculata, with vars. major, peculiaris, fasciata,
undulata, nodulata, nodulosa elongata, seminodulosa, and semi-
nodulosa fasciata Settepassi, 1970: Cymatiidae vii, pl. 5, figs 14a-
b, 15a-b, pl. 6, figs 16a-b, 17-18 (with further synonymy).

Bursa (Bufonariella) scrobiculator nodosa. Caprotti, 1970: 172, pl.
6, fig. 3.

Bursa scrobiculator. Micali, 1975: 202, illus. (living animal); Melone,
1975: 203, illus. (radula); Avila ez 2/, 1998: 500; Verdejo Guirao,
2001: 14-18, figs 2-17.
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Bursa (Bufonariella) nodosa. Pavia, 1976: 153, pl. 2, figs 2, 5; Baluk,
1995: 210, pl. 18, figs 4-5.

Bursa (Bufonariella) scrobilator. Nordsieck & Garcia-Talavera, 1979:
126, pl. 28, fig. 1.

Bursa scrobilator. Russo, 1981: 20, illus. (living animal); Robinson,
1993: 253; Cachia et al, 1996: 116, pl. 12, fig. 2; Gofas &
Beu, 2002: 102; Ardovini & Cossignani, 2004: 133, three cen-
tral figs; Landau ez al, 2004: 66, pl. 5, figs 3-5, pl. 10, fig. 1;
Chirli, 2007: 103, pl. 37, figs 11-16, pl. 38, figs 1-4 (with long
synonymy).

Bursa (Colubrellina) scrobilator scrobilator. Beu, 1985: 64; Cossignani,
1994: 88-89; Giannuzzi-Savelli et al., 1997: 242, figs 903-904.

Bursa (Colubrellina) scrobilator coriacea. Beu, 1985: 64, fig. 43;
Cossignani, 1994: 89.

Bursa scrubilator (sic). Guerreiro & Reiner, 2000: 120-121.

Bursa scrobilator £. coriacea. Ardovini & Cossignani, 2004: 133, two
upper right figs.

Remarks.—Bursa scrobilaror is distinguished from the other
Bursa species in the study area (a) by its tall, narrow spire
(second only to that of B. natalensis), (b) by its varices being
slightly offset down the spire sides rather than strictly aligned,
(c) by its unusually long anterior siphonal canal for a Bursa
species, (d) by its short, widely open posterior siphonal ca-
nal, forming little more than a notch in the outer lip flange
anterior to the varix in many specimens, (e) by its narrowly
rounded, well-raised varices with concave hollows between
the main variceal ridge and the rest of the shell surface on
both adapertural and abapertural faces, so that the four well-
raised spiral cords form very prominent buttresses on both
sides of each varix, particularly on the last few whotls, and the
cords form four low, rounded nodules on the outer ridge of
each varix, () by its sculpture of many, low, rounded nodules
to (on most specimens) few, large, rounded, widely spaced
nodules on the cord at the shoulder angle, and many small-
er rounded nodules on most or all of the three lower major
cords, and (g) by its sculpture of crisp, narrow, well-defined,
closely spaced spiral ridges over the entire teleoconch surface,
the ridges bearing small, closely spaced, spirally elongate gran-
ules on many specimens. Its protoconch is of the relatively
tall-mammillate type, of 3.75 whotls, with a low protoconch
I of 0.75 whotl bearing fine reticulate ridges, followed by fine,
cancellate spiral and axial ridgelets on the first whorl of proto-
conch II, fading out over the second whorl.

Bursa scrobilator is the single living Bursa species of the
Mediterranean Sea; the only other present-day eastern
Adantic bursid, “Bursa” marginata (Gmelin, 1791), is not re-
liably recorded from the Mediterranean, and is referred below
to Aspa H. & A. Adams, 1852. Although it is an exceedingly
rare species in the Mediterranean today, B. scrobilator has been
well known in biological and paleontological literature since
pre-Linnean time, and has been referred to and illustrated in
so many early works and modern-day shell books that no at-

tempt has been made here to compile a full synonymy. The
synonymy given above merely lists the actual synonyms, some
of the main early works, and a few recent illustrations; Priolo
(1964: 536) and Chirli (2007: 103) provided useful, exten-
sive lists of further references in the European literature. The
European Miocene and Pliocene fossils of this species group
have usually been considered to belong to a distinct species,
B. nodosa (Borson, 1825), which supposedly differs from all
Recent Mediterranean and Adlantic specimens in having only
three, rather than four, major spiral cords on the last whorl.
However, Landau ez 2/ (2004) demonstrated that Pliocene fos-
sils from Estepona, Spain, and other localities on the Iberian
Peninsula include some specimens resembling B. scrobilator
and some resembling B. nodosa, and considered that the two
forms intergrade and are not distinct species. Miocene speci-
mens from the Vienna Basin illustrated by Hornes (1856: pl.
21, figs 3-4) and those from Korytnica, Poland, illustrated by
Baluk (1995: pl. 18, figs 4-5) also are typical of B. scrobila-
tor in having four prominent spiral cords. In the American
records of B. scrobilator newly recognized here, all material
consistently has four major spiral cords on the last whorl.
This distinction therefore is interesting for biogeography; the
American Pliocene-Pleistocene specimens seem, from this
character, to have originated from an eastern Atlantic-Iberian
Peninsula population, with four major spiral cords, rather
than from a Mediterranean-southern European population,
with only three major spiral cords. Given the now generally
accepted concept of desiccation of the Mediterranean Sea dur-
ing Messinian time (latest Miocene) (Hsii ez al.,, 1973, 1978;
Cita, 1982; but see Grecchi, 1978 and Sabelli & Taviani,
1983, 1984, for a contrary viewpoint), it seems likely that
the Mediterranean was repopulated from the New World and
eastern Atlantic by specimens bearing four spiral cords, after
the extinction during the period of desiccation of specimens
with three spiral cords.

The West African population of Bursa scrobilator, living
along the mainland coast from Sénégal to Angola, is dis-
tinctive in bearing the finely granulose sculpture and fine
to prominent shoulder nodules described above, whereas all
Mediterranean specimens have a smoother, polished surface
bearing little of the fine granulation and, on the last whorl or
two of large shells, none of the shoulder nodules seen on West
African specimens. Reeve (1844b: pl. 4, fig. 26) provided the
name Ranella coriacea for the more coarsely sculptured West
African form. The West African specimens are the ones from
the Old World that match the American ones most closely.
Most or all of the Mediterranean-southern European fossil
material assigned to B. nodosa also bears fine granulose sculp-
ture and obvious shoulder nodules. However, the distribution
of sculptural variants in the eastern Atlantic is more complex
than this. Specimens from the Canary Islands (20 m, Tenerife,
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GNS WM15185, 1, pres. F. Garcia-Talavera; 5 m, Lanzarote,
GNS WM17413, 1), some from the Azores Islands (GNS,
WM15966, Praia, Santa Maria Island, beach specimen col-
lected by AGB, February 1998; and one of 3 specimens in
MNHN), and Pleistocene fossil specimens from the Azores
(GNS WM15963, coll. AGB & B. Landau, February 1998)
and near Penedo, Porto Santo, Madeira Archipelago (Gerber
et al., 1989: 24; GNS WM15129, 1), lack the fine granu-
lose sculpture and shoulder nodules and are indistinguishable
from Mediterranean Recent specimens, whereas two other
Azores specimens in MNHN have fine granules on the exte-
rior, intermediate between those of West African specimens
and the smooth Mediterranean shells. It therefore seems likely
that the fine granulose sculpture and the shoulder nodules are
trivial (phenotypic?) characters of no taxonomic significance.
Verdejo Guirao (2001) illustrated a large range of variation in
this species, demonstrating that the evenly granulose form is
strictly limited to the West African coast, from Morocco to
Angola.

Although the spelling “scrobiculator” for the name of this
species is well entrenched in the literature, Linnaeus (1758:
749; 1767: 1218) spelled the name scrobilator in both the
tenth and twelfth editions of “Systema Naturae.” Despite
considerable argument over the years about the meaning of
the name, and whether it might have been a spelling error,
Linnaeus clearly intended this original spelling, and I can see
no justification for changing it.

Dimensions.—Figured specimens, from NMB 19008 (TU
1240), Limén, Costa Rica: NMB H 17899: H 54.7, D
32.3 mm; NMB H 17900: H 50.3, D 30.9 mm.; lectotype
of Murex scrobilator: H 61.9, D 38.1 mm; paralectotype, H
52.7, D 33.0 mm; lectotype of Ranella coriacea: H 43.8, D
27.4 mm; paralectotype, H 59.8, D 37.4 mm; paralectotype,
H 32.4, D 21.5 mm.

Types.—Murex scrobilator, two syntypes in Linnaeus’ collec-
tion, housed by the Linnean Society of London, Burlington
House, London; both bear the number “537” inside the out-
er lip (the number of this species in Linnaeus’ 1767 work;
Linnaeus, 1767: 1218) and are therefore authentic Linnaeus
syntypes. The larger specimen (H 61.9 mm) is here designated
the lectotype of Murex scrobilator. This designation is neces-
sary because the syntypes include the specimen illustrated in
the reference cited by Linnaeus (1758: 749): Gualtieri (1742:
pl. 49, fig. B). This specimen, examined by me in Museo di
Storia Naturale e del Territorio, Universita di Pisa, in the
Certosa di Calci, outside Pisa, is a specimen of Bursa corru-
gata (Gualtieri collection no. 2627). The type locality of B.
scrobilator is here designated as Palermo, Sicily. In the absence
of any known type material of Schumacher (1817), the lec-
totype of M. scrobilator is also here designated the neotype
of Bufonaria pesleonis Schumacher, 1817. Ranella coriacea, 3

syntypes BMNH 1967656, without locality. The medium-
sized syntype is marked “F” on the columella and “c” inside
the outer lip, showing it to be the one illustrated by Reeve
(1844b: pl. 4, fig. 26). The type locality is here designated as
Ile Gorée, Sénégal. I discussed (Beu, 1987: 333) the identity
of Apollon quercina Morch (1853: 106), and designated the
lectotype as the specimen figured by Lister (1691: 943, fig.
39). This figure clearly shows Bursa scrobilator. The location
of any original material referred to A. quercina by Morch is
unknown, as is the location of the specimen figured by Lister
(1691), and this name is therefore not based on a type speci-
men. The specimen in Linnaeus’ collection in London, desig-
nated above as the lectotype of M. scrobilator and the neotype
of B. pesleonis, is therefore also here designated the neotype of
Apollon quercina.

Other material examined.—Almost all Recent material is
from the Mediterranean Sea and West Africa, and is not listed
here, apart from the four specimens seen from the Azores
Islands: beach, Praia, Santa Maria Island, AGB, February
1998 (GNS WM15966, 1); dived, 10-20 m, Ponta Delgada,
Sao Miguel Island, 9-15 July 1983 (MNHN, 1); rocks, 6 m,
Vila do Porto, Santa Maria Island, June 1990 (MNHN, 1);
infralittoral, 0-1 m, Ilheu de Vila Franca, Sao Miguel Island,
July 1988 (MNHN, 1); Agores, coll. Drouét (MNHN, 1);
Santa Clara (MNHN, 1). Canary Islands: Canaries (TFMC
1122, 1 good, “typical scrobilator” form); Canarias (TFMC
1565, 4 good, all “typical scrobilator” form); 20 m, Tenerife
(GNS WM15185, 1); 5 m, Punta del Carmen, Lanzarote
(GNS WM17413, 1).

Fossils: Atlantic Costa Rica: Latest Pliocene-Early
Pleistocene, Limén (McNeill ez 4/, 2000): NMB 17789
(1); 17792 (3); 18113 (1); 18272 (2); 18273 (2); 18277
(1); 18278 (4); TU 954 = NMB 19026 (8); 1240 = NMB
19008 (36; 2 illustrated, PL. 7, Figs 3-4, 6-7; NMB H 17899-
17900; GNS WM 16952, 14; WM18855, 20); 1307 = NMB
19015 (1); USGS 21035 (USNM, 1); Puerto Limén, coll. T.
Kemperman, 1982 (ZMA, 1); Moin Fm, Limén, collection
of Bernard Landau (12); Lomas del Mar reef member, Moin
Fm (Late Pliocene), Lomas del Mar West, Puerto Limén
(BMNH Palacontology Department, 1). Recorded also from
the Moin Fm by Robinson (1991, 1993). Atlantic Panama:
Pleistocene: Swan Cay Fm: NMB 18372, 3 m-thick shelly
sandstone, Swan Cay, N of Isla Colon, Bocas del Toro Basin (1
large). Colombia: Pliocene(?): 0.6 m band above limestone,
Point Pua, Departamento de Bolivar (UCMP S-66, 1).

Distribution.—Bursa scrobilator lives today only in the
Mediterranean Sea, along the coast of West Africa at least as
far south as Ghana (southern limit not well established; re-
corded from Gabon by Bernard, 1984: 126, fig. 266), and at
the Atlantic islands; it is recorded from the Azores (Avila ez al.,
1998), Canary and Cape Verde Islands and at Madeira. Fossil
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specimens of B. scrobilator are recorded from a Pleistocene
shellbed behind the beach at Praia, Santa Maria Island, Azores
(Garcia-Talavera, 1990a), and were recollected by AGB and
Bernard Landau during February 1998, from a Pleistocene
shellbed ca. 2 m above sea level at Tenerife, Canary Islands
(Garcia-Talavera et al, 1978), and from a Pleistocene shell-
bed on Selvagem Pequenha Island, Selvagem Islands, off of
West Africa (Garcia-Talavera, 2001). Meco et al. (2002: table
2) also recorded fossils from uplifted Pleistocene terraces at
Arucas and Las Palmas, Canary Islands. Fossils also are wide-
spread in the Miocene and Pliocene rocks of Europe and the
Mediterranean region. Fossils of B. scrobilator in the Americas
are limited to Pliocene and Early Pleistocene rocks along the
Atlantic coasts of Costa Rica, Panama, and Colombia (the
sole Colombian record possibly is as old as Late Miocene, but
its age is poorly constrained).

Bursa victrix Dall, 1916
PL 2, Fig. 5

Bursa victrix Dall, 1916: 507, pl. 88, fig. 10.

Remarks—Although Bursa victrix is a very poorly known spe-
cies, and is Oligocene in age, it is refigured here (apparently
for the first time since its description) to show its similarity to
B. corrugata, the moderately common, widespread species of
the living fauna of western America and the eastern and west-
ern Atlantic. The fossil record of B. corrugata is so scanty —
specimens are recorded above only from the Plio-Pleistocene
of Mexico and the Galdpagos Islands — as to suggest that it
might have been a very recent arrival in the Americas, but
the presence of B. victrix in the Oligocene rocks of Georgia,
USA, shows this not to have been the case. The holotype of B.
victrix is a natural mold of the exterior of only about a third of
the surface of a shell; the illustration is of a silicone impression
from the natural mold. The almost evenly inflated whotl pro-
file, with a slightly protruding shoulder angle formed by a row
of rounded nodules at approximately the upper third of the
whorl height on the spire, the numerous lower rows of nod-
ules or granules extending down over the anterior canal, the
relatively short posterior canal (as far as can be seen), and the
deeply buttressed abapertural face of the varix on the penul-
timate whotl are all characters in common with B. corrugara.
Indeed, it is only because of the lack of enough critical char-
acters for accurate comparison that this form is maintained
as distinct from B. corrugata. Further material from the Flint
River is needed to clarify the relationships of this species.

A possible eatlier name for Bursa victrix is Tritonium
(Lagena) edentatum Gabb (1877: 281). The holotype (ANSP.
IP T.16887, from “Pataula Creek, Clay County, Georgia®) is
a small Bursa species that seems to me to be indistinguish-

able from B. corrugata. Gemmate fine spiral cords on the early
spire whorls are reduced on the last few intervariceal intervals
to two peripheral rows of rounded nodules. The holotype has
the aperture broken away, and so is difficult to compare with
modern and Oligocene specimens. The type locality suppos-
edly is in the Providence Sand, of Late Maastrichtian (Late
Cretaceous) age (Warren Blow, USNM, pers. comm., 1987).
Eargle (1955: 70, fig. 12) described and illustrated outcrops
of Providence Sand, of which “very fossiliferous beds are at
several localities in the valley of Pataula Creek and vicin-
ity in northwestern Clay and southern Quitman Counties,”
Georgia. The specimen almost certainly is mislocalized, be-
cause | am not aware of any other records of Bursidae older
than Eocene, let alone Paleocene or Late Cretaceous. No spe-
cies of Bursidae are present in the classical tropical Eocene
faunas of the Paris Basin, India, or Indonesia. The signifi-
cance of this name will not be clear unless the true locality
can be determined or more material collected. If indeed it is
a Cretaceous record of Bursa, it would be critically important
for the phylogeny of the Bursidae, which otherwise have an
apparently very late appearance on the geological scene, and
highly mysterious origins.

Dimensions.—The very incomplete mold of the holotype
of Bursa victrix: H 43, D 24 mm; Tritonium edentatum, holo-
type: H 33.3, D 21.6 mm.

Type material.—Bursa victrix holotype USNM 166728,
from USGS 7079, Mascot Point, eastern bank of Flint River,
below the mouth of Blue Spring, Decatur Co, Georgia, in
chert blocks; only known specimen. Assigned by Dall (1916:
table p. 489) to the “upper beds” at Flint River, considered by
Dall (1916: 487-488) and by Vaughan (cited by Dall) to be
equivalent to the Orthaulax pugnax zone of Florida, of Late
Oligocene age; stated by MacNeil & Dockery (1984: 103) to
be included in the Flint River Fm, considered by them to be
an erosional remnant of Byram, Chickasawhay, and possibly
Marianna limestones.

Genus ASPA H. & A. Adams, 1853

Aspa H. & A. Adams, 1853 (in 1853-1858): 106. Type species (by
monotypy): Ranella laevigata Lamarck, 1822 (= Buccinum mar-
ginatum Gmelin, 1791), Miocene to Recent, Mediterranean and
West Africa; Late Pliocene-Early Pleistocene, Costa Rica.

Remarks.—1 pointed out (Beu, 2005: 8) that what previously
had been considered the single genus Bufonaria Schumacher,
1817, actually comprises two genera on the basis of the oper-
cular nucleus position. Bufonaria species have the nucleus half
way along the columellar (left) margin, a fan-shaped oudine
formed by the two straight margins above and below the
nucleus, and an evenly curved right margin. It is therefore
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similar to that of all taxa of the cassid subfamily Phaliinae.
Another group of species has the nucleus a little posterior to
the anterior end and situated a lictle toward the right from the
midline, as in the bursid genus 7uzufa Jousseaume, 1881, and
for this, I concluded that the earliest name is Bursina Oyama,
1964 (Beu, 2005: 24). Species of Bursa and Marsupina have an
anterior terminal opercular nucleus. The species that I iden-
tify as Aspa marginata, discussed below, also has an anterior
terminal nucleus, as in Bursa and Marsupina species. 1 have
previously ranked Aspa as a subgenus of Bufonaria, based on
the similarity of the teleoconch of European Early Miocene
fossils of this species group to Indo-West Pacific Bufonaria
species. However, the opercular evidence suggests that Aspa is
just as likely to be related phylogenetically to Bursina, and as
with the former subgenera of Cymatium (see below), it seems
preferable to avoid untestable phylogenetic hypotheses by
classifying Aspa as a separate genus.

Aspa marginata (Gmelin, 1791)
Pl 7, Fig. 2, PL. 11, Fig. 3, PL. 51, Figs 1-3

Buccinum marginatum Gmelin, 1791: 3486; Brocchi, 1814: 332,
pl. 4, fig. 17.

Cassis marginata. Borson, 1821: 228, pl. 1, fig. 19.

Ranella laevigata Lamarck, 1822: 154; G. B. Sowerby II, 1835: pl.
89, fig. 15; Gray, 1839: 110, pl. 36, fig. 18; Kiener, 1841: 34,
pl. 13, fig. 2; Deshayes, 1843: 550; Philippi, 1844: 183; Reeve,
1844b: pl. 8, fig. 50; Michelotti, 1847: 254; D’Ancona, 1872:
176, pl. 8, figs 3-4; Martens, 1877: 236.

Ranella marginata. J. Sowerby & G. B. Sowerby 1, 1824: pl. 233, fig.
2; de Serres, 1829: 114; Locard, 1897: 298.

Eione inflata Risso, 1826b: 172; Arnaud, 1977: 120, pl. 4, fig. 52.

Ranella brocchii Bronn, 1828: 533.

Buccinum pleurotoma Calcara, 1841: 61, pl. 2, fig. 6.

Ranella (Aspa) laevigata. H. & A. Adams, 1852: 106; Chenu, 1859:
156, fig. 721; Coulon, 1933: 139.

Aspa laevigata. Rochebrune, 1881: 303.

Ranella (Aspa) marginata. Bellardi, 1873: 243; Tryon, 1880: 42, pl.
23, fig. 52; Dautzenberg, 1891: 23; Sacco, 1904: 40, pl. 11, figs
13-14; Cossmann & Peyrot, 1924: 315.

Ranella (Lampas) cruentata. Gabb, 1881: 353 (not Ranella cruentata
G. B. Sowerby 1II, 1835).

Apollon marginatus. Cossmann, 1903: 118.

Bursa (Aspa) marginata. ‘Thiele, 1929: 284; Settepassi, 1970:
Cymatiidae xviii, pl. 10, figs 29a-b, 30a-b, with var. tuberculata,
appendix p. xi, illus. (with further synonymy).

Bursa marginata. Nickles, 1950: 88, fig. 136; Bernard, 1984: 64, pl.
52, fig. 103; Gofas ez al., 1984: 132.

Gyrineum (Aspa) marginatum. Malatesta, 1974: 273, pl. 23, figs 6a-d
(with long synonymy); Nordsieck & Garcia-Talavera, 1979:
127, pl. 28, fig. 6.

Bufonaria (Aspa) marginata. Beu, 1985: 65, fig. 51; Robinson, 1991:
340, pl. 14, figs 11-12; Cossignani, 1994: 12; Giannuzzi-Savelli
et al., 1997: 242, figs 905a-b, 906; Guerreiro & Reiner, 2000:
122; Landau ez al. 2004: 69, pl. 5, figs 6-7, pl. 10, fig. 2.

Bufonaria marginata. Warén & Bouchet, 1990: 80, figs 113-114;
Gofas & Beu, 2002: 102; Ardovini & Cossignani, 2004: 132,
upper left 2 figs; Chirli, 2007: 105, pl. 38, figs 5-16 (with long
synonymy).

Remarks.—Aspa marginata is the most readily recognized of
all Bursidae, because of its extremely short spire, its very low,
wide varices, and its inflated form with an almost smooth sur-
face and no nodules at all. Aspa marginata is extremely well
known in the Pliocene to Recent fauna of Europe and West
Africa, and nothing even vaguely resembling it ever has been
reported from the Americas. It was a surprise, then, to recog-
nize a single half-grown specimen of A. marginara in the latest
Pliocene-Early Pleistocene fauna of the Moin Fm at Limdn,
Costa Rica, in the extremely large and diverse collection made
by Emily and Harold Vokes. Robinson (1991, 1993) previ-
ously recorded A. marginata from the Moin Fm, on the basis
of four further specimens collected subsequently by Emily
and Harold Vokes.

Cossmann & Peyrot (1924: 313-317), in a long discus-
sion of the characters of fossil ancestors of Aspa marginata
in Europe, distinguished a series of species in an evolution-
ary lineage, and this was discussed again by Landau ez al.
(2004: 70-71). Material from many localites in the Aquitaine
Basin, France, in MNHN (shown to me by Pierre Lozouert)
and in Université Bordeaux-1 in Talence and several private
collections in and near Bordeaux (shown to me by Bruno
Cahuzac, Alain Clouzaud, and Jean-Francois Lesport), and
more from Le Peloua, Saucats, Aquitaine Basin (5 specimens;
Burdigalian, Early Miocene) and Termotura strata, Baldissero,
Turin Hills, Italy (4 specimens; also Burdigalian), in the col-
lection of Bernard Landau, demonstrate that early forms are
consistently distinct from the Recent species. The earliest
specimen of Aspa from Europe of which I am aware, from
the Early Miocene (Aquitanian; Pierre Lozouetr, MNHN,
pers. comm., 2003) locality of Gaas, Landes, in the Aquitaine
Basin of France, has a surprisingly tall spire and resembles the
Indo-West Pacific species Bufonaria margaritula (Deshayes,
1832) (SME one specimen). The valid name for this earliest
member of the lineage is A. subgranulata (d’ Orbigny, 1852).
It differs from A. marginara in having a higher spire, coarser
sculpture of even granules, a row of nodules at the shoulder
persisting onto the last whorl and an obsolescent lower row
of nodules, and larger nodules inside the outer lip than in A.
marginata. This apparently ancestral species therefore resem-
bles the Indo-West Pacific species of Bufonaria and Bursina
much more closely than does A. marginata. Cossmann &
Peyrot (1924: 316-317) recognized an intermediate species,
A. depressa (Grateloup, 1833), from Middle and Late Miocene
rocks of Europe, but Landau ez a/. (2004: 70) regarded this as
varying greatly enough to be considered a synonym of A. mar-
ginata. Hoernes & Aiunger’s (1879) material from Lapugy,
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western Roumania (Badenian, Middle Miocene), examined at
NMHY, also seems best included in A. marginata.

The little-known name Buccinum pleurotoma was based on
material from the Pleistocene of Altavilla, Palermo, Sicily, and,
although the location of Calcara’s specimens is not known to
me, his drawing leaves no doubt that this name is a synonym
of Aspa marginata.

Many recent European authors have credited the author-
ship of the name Murex marginata to “Martin,” 1773, but
as pointed out by Landau ez 2/ (2004), this is an error for
Martini (iz Martini & Chemnitz, 1769-1795), a non-binom-
inal work. The earliest available publication of this species
name was by Gmelin (1791: 3486).

Dimensions.—TU 1240 = NMB 19008, Moin, Costa
Rica: H 21.4, D 15.5 mm; Grund, Vienna Basin, Badenian
(Middle Miocene; GNS WMS5392): H 48.2, D 31.2 mm;
Recent, 40 m, Tenerife, Canary Islands (GNS WM15205): H
29.2, D 23.3 mm; neotype of Buccinum marginatum, BMNH
GG9183a: H 39.6, D 29.0 mm.

Tjpes.—Gmelin (1791: 3486) cited only the figures by
Martini (1777: pl. 120, figs 1101-1102) to illustrate Buccinum
marginatum. As with all of Martini’s material, the location
of this specimen is unknown. Gmelin stated the locality as
“Habitat — hactenus modo fossile repertum in Pedemontio.”
Ranella laevigata was also based on fossil specimens; Lamarck
(1822: 154) gave the locality as “Habite ... Fossile de
Piémont. Mon cabinet.” However, no type material is pres-
ent in either the zoological or paleontological collections in
MHNG (Y. Finet, pers. comm., 1999); four Recent speci-
mens of Aspa marginata in the Delessert collection (MHNG
27998) were not part of Lamarck’s collection, and are not
type material. Also, Lamarck type material in MNHN does
not include any possible types of Ranella laevigata (examined,
AGB, October 2004). Eione inflata, type material “presumed
lost” (Arnaud, 1977: 120). Arnaud’s publication of Risso’s
(1826b) plates leaves no doubt that this name is a synonym
of A. marginata. Orlando ez al. (1994) listed the types of 13
taxa described by Calcara, stored in the Museo dell’Istituto di
Zoologia dell'Universita di Palermo, but did not include B.
pleurotoma, and its location is not known to me. However, it
remains possible that this specimen exists in an Italian mu-
seum. Therefore, I am not aware of the location of any type
material of A. marginata or any of its synonyms. A specimen
in the Department of Palacontology, BMNH, from the clas-
sical northern Italian Pliocene locality of Asti, is here desig-
nated the neotype of Buccinum marginatum Gmelin, 1791,
the neotype of Ranella laevigata Lamarck, 1822, and the
neotype of Eione inflata Risso, 1826. The neotype (BMNH
Palacontology Department, GG9183a; Pl. 51, Figs 1-3) is
from the Asti sand beds at Valle Andona, near Torino, Italy,
obtained by exchange with G. Pavia. Specimens from this lo-

cality are all a little abraded and incomplete, and the neotype
has a small area of the outer lip missing at the anterior, but is
chosen from here because it is thought to be the most likely
source of northern Italian specimens of A. marginata during
the 17" and 18™ centuries. Pedriali & Robba (2005: 178, loc.
12) identified the age of this locality as late Zanclean to early
Piacenzian, Early to “middle” Pliocene.

Other material examined.—Recent: The huge collections in
museums of Miocene to Pleistocene material of Aspa margi-
nata from central and southern Europe and of Recent mate-
rial from the Ibero-Moroccan Gulf and West Africa are not
listed here.

Fossils: Atlantic Costa Rica: Latest Pliocene-Early
Pleistocene: Limén (McNeill ez 2/, 2000): NMB 19008
= TU 1240 (1, immature specimen; illustrated, NMB H
17901; PL 7, Fig. 2, PL. 11, Fig. 3); 1240 (1 juvenile, illus-
trated by Robinson, 1991: pl. 14, fig. 11; and 1 other speci-
men); 1489 (1 large adult, illustrated by Robinson, 1991: pl.
14, fig. 12). Robinson (1991: 340) also pointed out that the
large specimen collected by Gabb and misidentified by him
(Gabb, 1881: 353) as Bursa cruentata is still present in ANSP
(ANSPIP 3391), and is another large Limén specimen of A.
marginata.

Distribution.—Aspa marginata lives today in the Ibero-
Moroccan Gulf and down the coast of West Africa from
southern Spain to Angola (Gofas ez al., 1984: 132), and at
the Canary and Cape Verde Islands and at Madeira. A single
juvenile specimen was recorded from Seine Bank, Lusitanian
seamounts, eastern Atlantic, Seamount 1 cruise, sta. DW78,
33°49°N, 14°23’W, in 235 m, by Gofas & Beu (1993: 102).
The first Recent specimen seems to have been recorded by von
Martens (1877: 236), who gave a description of a specimen
taken off of the Cape Verde Islands (16°40°N, 23°11’W, 86
m, SM Corvette “Gazelle,” 25 July 1874), pointed out that
Gmelin’s name Buccinum marginatum was the earliest for the
species, and commented at length on Brocchi’s (1814) “sub-
appenine” fossils found living off of West Africa, but ot in
the Mediterranean. Records of Recent specimens from the
western Mediterranean need confirmation; in the opinion of
Serge Gofas (University of Malaga, pers. comm., 1992), there
are no authentic Recent records of A. marginata from the
Mediterranean Sea. Settepassi (1970: appendix, p. xi) illus-
trated an immature specimen (“var. tuberculata’) collected on
a beach at “an island of the Greek Archipelago,” but suggested
that it is a young fossil. Di Natale (1982) reported a Recent
specimen from the southern coast of Sicily, but Gofas & Beu
(2002: 102-104) suggested that this was dropped from fish-
ing boats. Fossils occur widely in central and southern Europe
in Miocene and Pliocene rocks of suitable shallow offshore
facies. The southernmost specimen of which I am aware is
a Pleistocene fossil from the “12.7 feet [3.8 m] beach,” 55
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km north of Swakopmund, Namibia (NMP 7868, 1 abraded
specimen). In the Americas, the one fossil record is in the lat-
est Pliocene-earliest Pleistocene Moin Fm at Limén, Costa
Rica, where a total of 5 specimens is recorded at present. The
occurrence of this very distinctive, now strictly West African
species in Atlantic Costa Rica highlights the many changes
that have occurred in the geographical ranges of tonnoideans
during the Neogene.

Genus CROSSATA Jousseaume, 1881

Crossata Jousseaume, 1881: 175. Type species (by original designa-
tion): Ranella ventricosa Broderip, 1833, Pliocene to Recent,
southern California to Peru.

Remarks.—Crossata is a distinctive genus of Bursidae containing
(according to my interpretation) only one western American
species of large size and of unusually short, wide shape for a
bursid, although its spire is not as extremely short and wide as
in Aspa marginata. The posterior siphonal canal is particularly
widely open but shallowly excavated into the top of the outer
lip, and the aperture is large and rounded with widely flared
lips buct little armature, other than 5 or 6 low, wide folds in
the outer part of the outer lip. The varices are relatively low,
and become quite ill-defined to almost obsolete on the last
one or two whorls of many large specimens; they are aligned
down opposing sides of the spire on small shells, but become
significantly offset as the shell grows. The rest of the external
sculpture also is weak, and consists of very low, weakly defined
spiral cords and 4 slightly more prominent, widely spaced ma-
jor cords, the upper 2 or 3 of which bear low nodules on most
specimens, and the uppermost, at the shoulder angle, bears
low to quite prominent, narrowly rounded nodules on most
specimens. The operculum is evenly oval, rather than having
a pointed anterior as in Bursa, with its nucleus a little to the
right of the anterior end. Crossata ventricosa (below) reaches
approximately 140 mm in height, and so is second only to the
species of Tiutufa in size in the Bursidae.

Crossata ventricosa (Broderip, 1833)
Pl 7, Figs 1, 5, PL. 8, Figs 1-7, PL. 9, Fig. 2, PL. 51, Fig. 7

Ranella ventricosa Broderip, 1833: 178; G. B. Sowerby 11, 1836: pl.
92, fig. 16; d’'Orbigny, 1841b: 451, pl. 62, figs 11-12; Kiener,
1842: pl. 14, fig. 2; Deshayes, 1843: 555; Reeve, 1844b: pl. 2,
fig. 6; Hupé, 1854: 184; Tapparone-Canefri, 1876a: 118; Kiister
& Kobelt, 1871: 140, pl. 38a, figs 3-4.

Ranella tenuis Potiez & Michaud, 1838: 426, pl. 34, figs 1-2.

Ranella californica Hinds, 1843: 255 [April]; Reeve, 1844b: pl. 2,
figs 9a-b [July]; Hinds, 1844b: 12, pl. 2, fig. 4 [October]; Kiister
& Kobelt, 1871: 141, pl. 39, fig. 5; Arnold, 1903: 287.

Ranella (Lampas) californica. Tryon, 1880: 40, pl. 22, fig. 42.

Ranella (Lampas) ventricosa. Tryon, 1880: 40, pl. 20, figs 16-18.

Crossata ventricosa. Jousseaume, 1881: 175 (reprint: 4); Beu, 1985:
66; Parth, 1996a: 135; Cossignani, 1994: 95; Beu, 2001: 711,
fig. 1.8.

Crossata californica. Jousseaume, 1881: 175 (reprint: 4); Beu, 1988:
74; Albi, 2002: 33, figs 2-5, 7 (lower row), 8 (lower), 9 (lower
row).

Bursa (Lampadopsis) calcipicta Dall, 1908: 320.

Bursa ventricosa. Dall, 1909b: 226; Basly Santa Maria, 1983: 19, pl.
5, fig. 43.

Bursa (Bufonaria) californica. Dall, 1921: 141; Oldroyd, 1927: 241,
pl. 33, figs 7-8.

Bursa californica. Jordan, 1924: 149; 1926: 246; 1936: 113; Oldroyd,
1927: 241, pl. 33, figs 7-8; Grant & Gale, 1931: 731; Durham,
1950: 115, pl. 35, ﬁg. 10; Keen, 1958: 348; McLean, 1978: 40,
fig. 21.1.

Bursa (Crossata) ventricosa. Olsson, 1932: 186, pl. 21, fig. 1; Pilsbry
& Olsson, 1941: 39; Ramirez, 1987: 150, fig. 186; Guzmdn et
al., 1998: 46, illus.

Ranella (Lampas) ventricosa. Coulon, 1933: 138.

Bursa (Crossata) californica. Abbott, 1954: 199, pl. 20r; Abbott,
1974: 167, pl. 7, fig. 1783.

Bursa californica sonorana Berry, 1960: 118; Hertz, 1984: 24, fig.
50.

Bursa calcipicta. Keen, 1958: 348, fig. 328; 1971: 508, fig. 965 (in
part, = Ranella rugosa G. B. Sowerby 11, 1835).

Bursa sonorana. Keen, 1971: 509, fig. 967.

Crossata californica californica. Beu, 1985: 66; Cossignani, 1994:
91-92.

Crossata californica sonorana. Beu, 1985: 66, fig. 52; Cossignani,
1994: 93-94; Schneider, 1999: table 1.

Remarks.—The large, short, wide, robust shell identified here as
Crossata ventricosa has little sculpture other than the one pe-
ripheral row of large, low nodes, and has a uniquely wide and
shallow posterior canal for a bursid. It is common in shallow
water (cz. 8-100 m) off of southern California, from approxi-
mately Monterey to the southern Gulf of California. There are
few records of adult specimens from south of the gulf, until
C. ventricosa becomes common again in Ecuador to Peru, but
small specimens identified previously as Bursa calcipicta occur
in ca. 10-120 m off of Costa Rica to northern Ecuador, and
are concluded to be immature specimens of C. ventricosa link-
ing the two adult populations. Parth (1996b) previously has
pointed out the overlap in morphology between the supposed
“species” C. californica and C. ventricosa, and suggested that
these are part of the variation of one species, and I agree with
this suggestion. Many of the southern, Peruvian specimens
of C. ventricosa are plain dull cream, weakly nodulose shells
that do not particularly resemble Californian specimens, but
many other southern specimens are paler cream with narrow,
medium-to-dark brown spiral bands around the nodule rows
and prominent, narrow nodules, and closely resemble the
southern, “sonorana” form of the northern population, previ-
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ously known as C. californica. Northern specimens certainly
reach a significantly larger size than specimens from south
of the equator, but all other supposed differences intergrade,
and in my opinion this is one species, with two main adult
populations, north and south of the warmest tropical area,
linked by the larval population and the few immature benthic
specimens that manage to survive and grow in the interven-
ing area. However, a molecular study is needed to confirm
the suggested relationship. Hinds (1843: 256) himself real-
ized that Ranella californica is very similar to C. ventricosa,
and commented: “There is some chance that this shell may
be confounded with R. ventricosa, as the more prominent fea-
tures of both have only comparative value. This, however, is a
much larger shell, is without any disposition to tuberculation
near the suture, the varices are much bolder and cavernous,
the tubercles on the spire fewer and larger, and the pillar lip is
set with many small transverse ridges.”

“Bursa calcipicta” is the most poorly known of western
American Bursidae. This is partly because Dall (1908) did not
illustrate this species when he named it, and partly because
Keen (1971: 508) confused the real, offshore “B. calcipicta”
(= juvenile Crossata ventricosa, in my interpretation) with an-
other, more robustly sculptured Bursa species that lives com-
monly in the intertidal zone of rocky shores from Panama
and the Galdpagos Islands to Peru. I show above that the
correct name for this common Panamic intertidal species is
B. rugosa. The specimen illustrated by Keen (1971: fig. 965)
is the holotype of B. calcipicta (USNM 123027; PL. 8, Figs
3-4). Other relatively small (cz. 20-40 mm H) specimens
agreeing with the holotype are present in LACM and USNM
from relatively shallow offshore waters (8-120 m) from off of
Cape San Lucas, Baja California Sur, and from Costa Rica to
Ecuador (listed below). These specimens all are characterized
(a) by a prominent, thick, finely reticulate intritacalx, form-
ing a cream-colored layer over the pale brown teleoconch, (b)
by a relatively thin, light-weight teleoconch, (c) by an only
weakly curved siphonal fasciole, (d) by a deep, wide, and rel-
atively long posterior siphonal canal (which, however, does
not protrude beyond the whorl surface to form a semitubular
spine, as it does in the robust, shallow-water species of Bursa,
including B. rugosa), (e) by the low, strictly aligned varices,
(f) by the subdued external sculpture, the spiral row of low,
rounded nodules at the shoulder angle being the only promi-
nent sculpture, and (g) by the widely open, weakly flared, and
only weakly armed aperture. These characters are shared with
C. ventricosa, and demonstrate that “B. calcipicta” was based
on tall-spired, immature, deep-water specimens of C. ventri-
cosa. 'The varices are strictly aligned in these small specimens
of C. ventricosa, but gradually become a little further offset
down the shell, to be offset about 20° in some large adult
specimens.

The name Bursa californica sonorana (holotype illustrated
by Hertz, 1984: fig. 50) was based on specimens dredged in
the Gulf of California by commercial shrimpers. The shell is
a little taller and narrower and the peripheral nodules of most
specimens a little larger and sharper than on most specimens
from San Diego and farther north. The large LACM collec-
tions include a few lots of this form from the northern Gulf of
California, but again all taken by shrimp boats. A few speci-
mens of the “sonorana” form also are present in the LACM
collection from well north of the Gulf of California (LACM
70-28, 27 m, near W end of Catalina Island, California,
33°28.2°'N, coll. . H. McLean, 14 June 1970; 1 tall, with large
nodules). In contrast, several lots at the LACM collection are
“typical C. californica” from south of the supposed range of
the “sonorana” form (e.g., LACM-AHF 974-39, 30-50 m, off
of Isla Isabel, W Mexico, 21°54’10”N; 1 large, short-spired,
with small nodules, and a heavily callused, subcircular aper-
ture). It appears that the specimens of the “sonorana” form
might all have been collected in deeper water than the other,
shorter specimens, and so exhibit the usual ranellid and bursid
progression into a taller and narrower form in deeper water. In
any case, their ranges overlap and the “sonorana” form cannot
be a subspecies of C. californica. In my opinion the “sonorana”
form is merely a variant of no taxonomic significance in the
clinal variation displayed by the single species C. ventricosa.

In the north of the species’ range, fossils are recorded
from the Pliocene of Los Angeles and the San Diego area
(Arnold, 1903; Grant & Gale, 1931: 732; Albi, 2002) and
from Pleistocene terrace faunas from Pacific Beach, San
Diego, California, and in the lower Gulf of California and the
Mexican coast just to the south (Jordan, 1924, 1926, 1936;
Grant & Gale, 1931: 732; Durham, 1950: 115). A small
Pliocene specimen is recorded here from Valiente Peninsula,
Bocas del Toro Basin, on the Atlantic coast of Panama. The
specimen has been identified as Crossaza ventricosa because of
its very weak spiral sculpture, its large peripheral nodules, its
widely open posterior canal, and its deeply excavated columel-
la. Other fossils are recorded from the Miocene(?) Tumbes Fm
in Peru (Olsson, 1932: pl. 21, fig. 1), the Pliocene Canoa Fm
in Ecuador (Pilsbry & Olsson, 1941: 39), basal shell ledges of
the Late Pliocene(?) Golf Course Member of the Taime Fm at
Bahia Taime, northwestern Peru (DeVries, 1988: 129), and
the Pliocene Onzole Fm in Ecuador (below).

Dimensions.—Lectotype of Ranella ventricosa: H 81.3, D
55.4 mm; paralectotypes: H. 67.5, D 46.4 mm, and H 61.5,
D 45.0 m; holotype of Bursa californica sonorana: H 98.8,
D 62.2 mm; R. californica, neotype: H 90.4, D 66.3 mm;
Recent, LACM-AHF 1025-39, intertidal, Horse Cove, near
Pyramid Cove, San Clemente Island, California: H 137, D 92
mm (largest seen); southernmost large, typical “californica”

form, LACM-AHF 974-39, 30-50 m, off of Isla Isabela, W
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Mexico, 21°54’10”N: H 76.0, D 53.8 mm; LACM 35-24,
16-18 m, Bahia Independencia, Peru: H 63.5, D 43.0 mm,
and H 48.1, D 33.1 mm; holotype of B. calcipicta: H 44,
D 25 mm (Dall, 1908: 320); other specimens identified as
B. calcipicta: LACM-AHF 863-83, Bahia Honda, Panama:
H 42.8, D 27.8 mm; LACM-AHF 212-34, off of La Plata
Island, Ecuador: H 41.4, D 29.8 mm; fossils: USNM 645258,
Onzole Fm (Early Pliocene), Punta Gorda, Ecuador: H 64.2,
D 46.9 mm; figured specimen, NMB H 17902, from NMB
17854, Valiente Peninsula, Atlantic coast of Panama: H 45.0,
D 30.8 mm.

Types.—Ranella  ventricosa, three syntypes BMNH
1950.11.28.1-3, from “Bay of Callao, Peru.” The largest
specimen, marked “holotype,” is the syntype figured by Reeve
(1844b: pl. 2, fig. 6), and is here designated the lectotype
(PL. 8, Figs 1-2; one paralectotype also illustrated, Pl. 8, Fig.
6). Ranella tenuis, type material originally in the Muséum de
Douai, northern France, but destroyed during World War
II (P Bouchet, MNHN, pers. comm., 2001); the lectotype
of R. ventricosa, BMNH 1950.11.28.1, is therefore here also
designated the neotype of R. tenuis. Ranella californica, type
material [Ze., specimen(s?) illustrated by Hinds and Reeve]
not present in BMNH; Cossignani (1994) stated that Hinds’
(1844b) figured specimen is in the USNM, but this assump-
tion is incorrect, and apparently the figured specimen was (as
with Triton vestitum Hinds, 1844) among the type material
from the Sulphur voyage sold by Captain Sir Edward Belcher
(Keen, 1966). A specimen in BMNH, no. 1842.1.22.634, is
labelled “californica, Hinds” and “California, R. B. Hinds,
esq.” and, although this is a shorter and much plainer, me-
dium brown shell, and not that illustrated by Hinds (1844b:
pl. 2, fig. 4) or Reeve (1844b: pl. 2, fig. 6), there is no doubt
that it is an authentic specimen collected during the Sulphur
voyage, and so possibly a syntype. This specimen (Pl. 8, Fig.
7) therefore is here designated the neotype of R. californica.
The type locality is San Diego, California, USA, the locality
stated by Hinds (1843, 1844b). Bursa (Lampadopsis) calcip-
icta, holotype USNM 123027 (PL. 8, Figs 3-4), from USS
Albatross sta. 3368, near Cocos Island, Gulf of Panama, in
120 m. Bursa sonorana, holotype CASIZ 43931 (ex Stanford
University collection, SU 9510), from near Guaymas, Sonora,
Mekxico (i.e., presumably from Guaymas shrimpers); with one
paratype, SDNHM 42802 (Hertz, 1984: 24).

Other material examined.—Recent: Crossata “californica”
form, LACM collection: northernmost record is 20-25 m, on
sand, near mouth of Salinas River, Monterey Bay, California,
36°44°30"N, 121°49’30”W (LACM-AHF 888-38, 6 large
specimens). Other lots are from southern California (128 lots),
outer coast of northern Baja California (30 lots), outer coast of
central Baja California (38 lots), outer coast of Baja California
Sur (6 lots), Gulf of California (9 lots), southern Mexico (1

small specimen, LACM-AHF 485-35, 12 m, Tenacatita Bay,
Jalisco, 15 February 1935, 19°18'N, 104°50°'W; H 31.2,
D 22.0 mm), Costa Rica (3 lots, each of 1 small juvenile),
Panama (2 lots, again each of one juvenile), Colombia (1 ju-
venile only), and Ecuador (3 lots, again each of 1 juvenile
or small shell only). Typical, large southern specimens of C.
ventricosa in the LACM collection are nearly all from off of
Peru (the northernmost is the single Ecuador record of large
specimens: LACM-AHF 398-35, 6 m on sand, off of Salango
Island, Ecuador, 1°35°15”S, 80°52°52”W, 18 January 1935, 2
specimens); the other 35 lots are from Peru (from LACM 66-
129, 118-133 m, W of Paita, 4°57°-5°01°S, 81°23’W, Anton
Bruun cruise 16, sta. 625A, 2 June 1966, 4 specimens; south
to LACM-AHF 824-38, 20-40 m, on sand and shell, San
Juan Bay, Peru, 15°20°307S, 75°10°07”W, 7 February 1938,
21 specimens; LACM 385-24, Bahia Independencia, Peru,
2 immature specimens illustrated, PL. 8, Fig. 5, PL. 9, Fig.
2). Crossata ventricosa evidently is common off of Peru, be-
cause several LACM lots have many specimens (e.g., LACM
66-135, NW of Isla Lobos de Tierra, 146 m, 46 specimens;
LACM 66-146, W of Isla Macabi, 170 m, 29 specimens).
The “calcipicta” form: U.S. Fish Commission sta. 2758, 40
m, SE of Cape San Lucas, Baja California, Albatross, 22°52’N
(USNM 125665, 1; resembles holotype of B. calcipicta); 8-14
m, N side of Isla del Cafno, Puntarenas Province, Costa Rica,
Searcher sta. 471-474, 14-19 March 1972 (LACM 72-63,
1); 60-100 m, off of Bahia Honda, Panama, 1 March 1938
(LACM-AHF 863-83, 1); 60-70 m, off of Medidor Island,
Bahia Honda, Panama, 28 March 1939 (LACM-AHF 948-
39, 1); 90 m, off of Port Utria, Colombia, 24 January 1935
(LACM-AHF 415-35, 1); 90 m, Tagus Cove, Albermarle
Island, Galdpagos Islands, 10 December 1934 (LACM-AHF
324-35, 1); 16-20 m, off of Bahia Santa Elena, Ecuador, 9
February 1934 (LACM-AHF 209-34, 1); and 90-110 m, off
of La Plata Island, Ecuador, 10 February 1934 (LACM-AHF
212-34, 1).

Fossils: California: Pliocene: LACMIP loc. 305, San
Diego Fm, K Ranch, hills south of Tijuana River, San Diego
Co (ca. 80 specimens). Early Pleistocene: Santa Barbara
Fm, Rincon Hill, Santa Barbara Co, collection of Bernard
Landau (1). W Mexico: Pleistocene: Bahia de Santa Inés,
near Mulegé, Baja California Sur, Mulegé Terrace cover de-
posit (oxygen isotope stage 5e), collection of Bernard Landau
(2). Atlantic Panama: Early Pliocene: Shark Hole Point Fm:
NMB 17854, Shark Hole Point, Valiente Peninsula, Bocas del
Toro Basin (1, small; illustrated, NMB H 17902; Pl. 7, Figs
1, 5). Ecuador: Pliocene: USGS 23479, Onzole Fm, Punta
Gorda (1); NMB 19141, Onzole Fm (1, frag); loc. CRB 291,
Onzole Fm, Quebrada Camarones, 0°59’N, 79°34°W/, 20 km
E of bridge over Rio Esmeraldas and 11 km (straight line)
E of Esmeraldas town (BMNH Palacontology Department,



Beu: TroriCAL AMERICAL TONNOIDEAN (GASTROPODS 71

1 small, short-spired, with very prominent varices; Pl. 51,
Fig. 7). Peru: Miocene: PRI 2310, Tumbez Fm, Quebrada
Tucillal, Zorritos (1; specimen figured by Olsson, 1932: pl.
21, fig. 1).

Distribution.—Crossata ventricosa occurs as large adults
in relatively shallow water (cz. 8-100 m) from Monterey,
California, USA, south to the Gulf of California (Keen,
1971); smaller specimens seem to link the two populations
of larger adults, as well as occurring at the Galdpagos Islands,
and then it occurs again as relatively shallow-water adults
from southern Ecuador to Peru. This, then, appears to be a
single clinally varying species with adults in relatively cool
northern and southern waters, linked through the tropical
eastern Pacific by planktonic larvae and a few small specimens
that manage to survive in offshore waters, although appar-
ently not reaching breeding size. Large, typical specimens of
the californica form are commonly collected by scuba divers
or dredged off of southern California, from Santa Barbara to
San Diego and at the Channel Islands (Jim McLean, LACM,
and the late Bob Foster and Chatles Glass, pers. comm., both
1979), whereas specimens from the Gulf of California ap-
pear to be collected only in deeper water by shrimp trawlers.
Similarly, specimens from Peru and southern Ecuador were
obtained from fishermen’s nets, or dredged in ca. 6-170 m.
Fossils are recorded from Pliocene rocks around Los Angeles
and San Diego, from Pleistocene terraces of San Diego and
Baja California (e.g, Emerson ez al., 1981: 111; Turtle Bay,
Baja California Sur), from the Pliocene of the Bocas del Toro
Basin on the Adantic coast of Panama (demonstrating that
the Panama Isthmus had not been elevated at that time), and
from the Miocene(?) Tumbes Fm of Peru and the Pliocene
Onzole and Canoa Formations of Ecuador.

Genus MARSUPINA Dall, 1904

Buffo Montfort, 1810: 574 (nomen oblitum). Type species (by mono-
typy): Buffo spadiceus Montfort, 1810 (= Murex bufo Bruguicre,
1792), Pliocene to Recent, western Atlantic.

Marsupina Dall, 1904: 118 (nomen protectum). Replacement name
for Buffo Montfort, 1810, supposedly a junior homonym of
Buffo Lacepede, 1788 (Amphibia; rejected by ICZN Opinion
2104, 2005).

Bechtelia Emerson & Hertlein, 1964: 360. Type species (by original
designation): Gyrineum strongi Jordan, 1936, Pleistocene, Gulf
of California.

Remarks.—Buffo Montfort, 1810, has been rejected in the past
(following Dall, 1904) as supposedly a junior homonym of
Buffo Lacepede, 1788 (Amphibia). I am grateful to Philippe
Bouchet (MNHN, pers. comm., February 2009) for pointing
out that Lacepede’s (1788) work has been ruled nonbinomi-
nal and placed on the Official Index of Rejected and Invalid

Works in Zoological Nomenclature by ICZN Opinion 2104
(2005), and the valid amphibian name is Bufo Laurenti, 1768.
Adoption of the generic name Buffo would make the correct
name for the type species Buffo bufo (Bruguiere, 1792), be-
cause Murex bufo Bruguiére is a senior synonym of Buffo spa-
diceus. This would be confused forever with the name of the
European toad, Bufo bufo (Linnaeus, 1758), so rejection of
Buffo Montfort is exceedingly desirable. Because Marsupina
has been used as a valid generic or subgeneric name at least 25
times by at least ten authors over the last 50 years, and Buffo
Montfort has not been used as a valid name after 1899 (in-
deed, I am not aware of any usages as a valid name after it was
proposed), Marsupina is here declared a nomen protectum un-
der ICZN Article 23.9.1. It is mandatory to adopt Marsupina
Dall, 1904, instead of Buffo Montfort, 1810. Clarification of
the type species is needed, however, because Montfort (1810:
573) provided a clear woodcut of the species here identified as
M. bufo (Bruguiére, 1792), but added (Montfort, 1810: 574)
a reference to a figure by “Martin. 4” (i.e., Chemnitz, 1780:
pl. 128, figs 1233-1234). This is a rather poor drawing of
Gyrineum gyrinum (Linnaeus, 1758), presumably the illustra-
tion that Montfort thought showed the nearest resemblance
to M. bufo of those of which he was aware. As first reviser, |
select the specimen illustrated by Montfort (1810: 573) as the
lectotype of Buffo spadiceus.

The required list of 25 usages of the name Marsupina as
a valid genus or subgenus during the last 50 years is as fol-
lows: (1) Jung (1969: 487); (2) Coelho & Matthews (1971:
55); (3) E. Vokes (1973: 100); (4) Abbott (1974: 167); (5)
Rios (1975: 82); (6) Petuch (1982: 301); (7) Beu (1985: 65);
(8) Rios (1985: 80); (9) Vaught (1989: 37); (10) Rios (1994:
93); (11) Cossignani (1994: 39-40); (12) Petuch (1994: pl.
39, figs D-E); (13) Petuch (1997: 223); (14) Landa-Jaime &
Arciniega-Flores (1998: 161); (15) Lindner (1999: 89); (16)
Macsotay & Campos Villarroel (2001: 70); (17) Beu (2001:
711); (18) Lépez de la Fuente & Ramos (2004: 86); (19) Beu
(2005: 8); (20) Cantalamessa er al. (2005: 6); (21) Vermeij
(2005: 641); (22) Landau et al. (2007: 54); (23) Petuch &
Roberts (2007: 104); (24) Landau et al (2008: 457); (25)
Robin (2008: 150). The name Marsupina also appears as a
valid genus-group name in several “official’on-line catalogs,
such as the Panama Paleontology Project catalog of genera
(Todd, 2000) and the Paleobiology Database, and in a huge
number of club and dealer webpages.

Marsupina is treated here as a restricted American genus
with a dorsoventrally compressed, finely granulose shell, agree-
ing with the Indo-West Pacific genus Bufonaria in most char-
acters, but having an anterior opercular nucleus as in Bursa,
rather than one with the nucleus in the center of the left (col-
umellar) edge, as in Bufonaria. Species of Marsupina have an
evenly biconic shape brought about by the envelopment of
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preceding whotls up to the edge of the sutural ramp by the
succeeding whorl, and by the joining of posterior siphonal
canals (at least partly) into semicylindrical gutters extending
up the opposing sides of the spire. Varices are strictly aligned
up opposing sides of the spire in all species, probably neces-
sitated by the style of posterior siphonal canal. Recognition
(Beu, 2005: 24) of the separate genus Bursina Oyama, 1964,
for Indo-West Pacific shells with a teleoconch similar to that
of Bufonaria (although with finer surface granules, lower nod-
ules and, in several species, longer posterior siphonal canals),
but with an operculum with an anterior terminal nucleus as in
Bursa and Marsupina, suggests the possibility that Marsupina
and Bursina are sister taxa. Because Marsupina has been dis-
crete in the Americas since at least Eocene time [M. chira and
M. yasila of Olsson (1930), Eocene and Oligocene of Peru]
but no species of Bursina have been recognized in the Indo-
West Pacific before Miocene time, Marsupina is here main-
tained as a separate genus. Further studies of its relationships
are obviously warranted, and this is an example of the sort of
biogeographical question that will be best solved by a molecu-
lar phylogeny. A single species lives on each side of tropical
America at present [M. bufo (Bruguiére, 1792) in the western
Adantic; M. nana (Broderip & Sowerby, 1829) in the eastern
Pacific], but the genus was a little more diverse in western
tropical and South America previously.

Marsupina bufo (Bruguicre, 1792)
PL 9, Figs 1, 3-15, PL 10, Figs 1-3, 5

Murex bufo Bruguiere, 1792b: 126.

Bursa gibbosa Réding, 1798: 128.

Buffo spadiceus Montfort, 1810: 575.

Ranella granulata Lamarck, 1816: pl. 412, fig. 4, “Liste des ob-
jets”: 4; Lamarck, 1822: 152; Kiener, 1841: 18, pl. 12, fig. 1;
Deshayes, 1843: 547.

Murex crassus Dillwyn, 1817: 692.

Ranella crassa. d Orbigny, 1841a: 134; Reeve, 1844b: pl. 4, figs 18a-
b; Krebs, 1864: 25; Guppy, 1866: 288, pl. 18, fig. 9; 1874: 438;
1876: 522; Tryon, 1880: 38, pl. 19, fig. 10.

Bursa crassa. Gabb, 1873: 212; Maury, 1917a: 108, pl. 17, figs 6-7;
Olsson, 1922: 306, pl. 15, fig. 19; Maury, 1925: 217; M. Smith,
1948: 24, pl. 9, fig. 8.

Ranella spadicea. Morch, 1877: 23.

?Bursa nana. Gabb, 1881: 353 (not Ranella nana Broderip &
Sowerby, 1829).

Gyrineum crassum. Dall, 1903a: 1584.

Bursa crassa proavus Pilsbry, 1922: 360, pl. 29, figs 4-5.

Bursa crassa bowdenensis Pilsbry, 1922: 360, pl. 29, fig. 8.

Bursa (Marsupina) proavus bowdenensis. Woodring, 1928: 303, pl.
19, fig. 4.

Bursa crassa colombiana Weisbord, 1929: 41, pl. 8, figs 1-2.

Bursa spadicea. McGinty, 1940: 71; 1962: 41; van Regteren Altena,
1975: 38, pl. 6, figs 8-9; Diaz & Gotting, 1988: 156; Diaz &
Puyana, 1994: 174, fig. 651.

Bursa crassa caribbaea M. Smith, 1948: 25, pl. 9, fig. 10.

Bursa (Bufonaria) spadicea. Morrison, 1949: 11; Abbott, 1954:
198, pl. 25, fig. p; Warmke & Abbott, 1962: 103, pl. 18, fig. |;
Humlfrey, 1975: 127, pl. 14, figs 7-7a; Rios, 1970: 75, pl. 18,
lower left fig.

Bursa (Marsupina) bufo. Jung, 1969: 487, pl. 49, figs 3-6; Abbott,
1974: 167, pl. 7, fig. 1782; Rios, 1975: 82, pl. 23, fig. 333;
1994: 93, pl. 31, fig. 367; Macsotay & Campos Villarroel, 2001:
70.

Bursa (Marsupina) spadicea. Coelho & Matthews, 1971: 55, figs 16-
17.

Marsupina /mfo. E. Vokes, 1973: 100; Beu, 2001: 711.

Bursa amphitrites. E. Vokes, 1973: 100 (in part not Bursa amphitrites
Maury, 1917).

Bursa bufo. Finlay, 1978: 150; Princz & Pacheco, 1981: table; Cosel,
1986: 241, fig. 155; Lipe & Abbott, 1991: 14, illus.

Bursa (Colubrellina) bufo. Okutani, 1983: 263, illus.

Bufonaria (Marsupina) bufo. Beu, 1985: 65, fig. 48; Rios, 1985: 80,
pl. 28, fig. 350; Cossignani, 1994: 39-40.

Bufonaria bufo. Calvo, 1987: fig. 84 (radula).

Bursa proavus. Petuch, 1992: 108, fig. 3H.

Bursa (Marsupina) proavus. Petuch, 1994: pl. 39, figs D-E; 1997:
223.

Remarks. — The living population of Marsupina bufo is variable
in a large range of characters, demonstrating that related fos-
sil species need to be interpreted with care. Recent specimens
reach quite a large size (up to at least 70 mm H) and are tall
and narrow, dorsoventrally compressed, moderately to weakly
granulose all over most specimens, conspicuously biconic be-
cause of their combination of a rather long, gradually tapered
last whorl and neck with an equally tall spire made straight-
sided by the enclosure of earlier whotls up to the shoulder of
the sutural ramp by succeeding whorls, and have an elongate-
oval aperture with prominent transverse ridges on the inte-
rior of both lips, and a tall, deep, widely open posterior canal
that, in most specimens, does not protrude as a spine above
the varix, but extends up the surface of the whotl to fuse (or
nearly so) with the canal of the previous whorl. The varices of
the last few whorls are low, wide, and strictly aligned. Many
specimens have a fairly coarsely nodulose early spire, but the
granulose sculpture becomes progressively weaker over the last
few whorls so that, on many but by no means all specimens,
the last whotl is smooth or only faintly nodulose and quite
highly polished. An excellent color illustration by Okutani
(1983: 263) clearly shows the rich red-brown coloration
and highly polished, yet still weakly granulose, surface of a
moderately large but rather short specimen, which is a little
unusual in that the posterior canals of the last whorl form
short spines. It is important for understanding the variation
of fossils to note that small (young) specimens in the same
samples as living specimens differ from the adults in having a
shorter and wider shape, with a more sharply contracted neck,
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much more prominent varices, and consistently coarse granu-
lose sculpture, with small rounded granules over the entire
teleoconch surface, and a row of small to moderately large,
conspicuous nodules around the shoulder angle. Some weakly
sculptured adult specimens bear prominent nodules in a row
around the shoulder angle, whereas others have at most very
weak nodules and the shoulder angle weakly expressed. A few
of the weakly sculptured adults have a single large, rounded
nodule on the shoulder angle midway between the varices,
a character not observed on any fossils. The slope of the su-
tural ramp increases with growth in some specimens also, so
not only do some juvenile specimens have proportionally
shorter spires than adults, but also the spire outline of many
specimens is weakly convex. The protoconchs of the juvenile
specimen in MCZ 274189 (ca. 100 km N of Georgetown,
British Guiana) and of the abundant RMNH material from
off of Suriname are similar in shape to the low-turbiniform
ones seen in most other Bursidae, but are only half the size of
those of other bursids, and are distinctive in having elaborate
cancellate sculpture over the entire surface.

The interpretation of fossils is made difficult because most
are small (z.e., young) specimens, still relatively robustly sculp-
tured (e.g., Vokes, 1973: figs la-b), with prominent varices
and a sharply contracted neck. The living population dem-
onstrates that these characters result mainly from the small
fossils being immature; they are closely similar to Recent ju-
veniles. The relatively few large adult specimens (identified
by being at least 50-60 mm H) available from Miocene and
Early Pliocene rocks show that these early specimens of the
Marsupina bufo group differ from Recent ones in consistently
being coarsely granulose over the entire teleoconch surface,
and in have moderately to very conspicuous nodules around
the well-marked shoulder angle. The difficulty with the tax-
onomy of this species complex is that the change from coarse-
ly granulose adults to variable but mostly weakly sculptured
adults seems to have taken place very gradually. It is a gradual,
anagenetic change, rather than an abrupt speciation event.
In this situation, although evolution definitely has occurred,
there is no point at which the complex can be subdivided into
species in any unambiguous way. I have therefore adopted the
treatment of this same species complex arrived at previously
by Morrison (1949) and Jung (1969: 417-418), who regarded
all Miocene to Recent taxa proposed in this complex as part
of the single species, M. bufo.

Dimensions.—Murex bufo, neotype, and lectotype of Ranella
granulata: H 58.3, D 29.5 mm; Bursa crassa bowdenensis, ho-
lotype: H 49.1, D 28.9 mm; B. ¢. proavus, holotype: H 25.3,
D 19.5 mm; USGS 23741, Bowden, Jamaica: H 27.5, D
19.4 mmy; B. ¢. colombiana, holotype: H 34.8, D 22.9 mm;
Recent, AMNH 190116, off N coast of Brazil: H 63.0, D
36.2 mm; USNM 369464, Woodring’s (1928) figured speci-

men, Bowden: H 67.8, D 37.1 mm; NMB H 15150, hypo-
type of Jung (1969: pl. 49, figs 5-6), Talparo Fm, Matura,
Trinidad: H 74.7, D 44.9 mm.

Types—No original material remains in MNHN or
MHNG of Murex bufo. As pointed out by Lamy (1930: 54-
55), Bruguiere’s collection was purchased by the Ministre
de I'Intérieur, France, in 1799 for FF 6,000, and incorpo-
rated into MNHN. There, however, it seems to have been
at least partially “acquired” by Lamarck; virtually no original
Bruguiére material is identifiable now in MNHN, but a few
specimens are recognizable in LamarcKk’s collection in MHNG.
This does not include M. bufo, however, and because it was
described from material “sent from Cayenne, to the Société
d’Histoire Naturelle de Paris,” the original material possibly
belonged to the Society rather than to Bruguiére. The location
of any type material is unknown. Also, no original material is
known for the names proposed by Roding (1798). The lecto-
type (designated above) of Buffo spadiceus is, of course, also
long lost. Ranella granulara, 2 syntypes MHNG 1098/84 and
1098/85, without locality; the type locality is here designated
as off of Cayenne, Guiana. The specimens are conspecific; the
larger one closely matches the illustrations by Lamarck (1816:
pl. 412, fig. 4) and Kiener (1841: pl. 12, fig. 1). The larger
syntype of R. granulata, MHNG 1098/84 (Pl. 10, Figs 1-2),
is here designated as the lectotype of R. granulata, as well as
the neotype of Murex bufo Bruguiére, 1792, the neotype of
Bursa gibbosa Riding, 1798, the neotype of Buffo spadiceus
Montfort, 1810, and the neotype of Murex crassus Dillwyn,
1817. Dean (1936: 231) discussed the material remaining in
Dillwyn’s collection in the National Museum of Wales, Cardiff,
and identified four species represented by lectotypes. One is
present for Murex mulus Dillwyn, 1817 [= Distorsio reticularis
(Linnaeus, 1758)] but none is present for any other tonnoid-
ean, including Murex crassus. Bursa crassa proavus, holotype
ANSPIP 3227 (PL. 9, Fig. 14), Late Miocene-Early Pliocene,
Dominican Republic, ex Gabb collection [the specific epithet
is a noun in apposition (Latin, grandfather) and should not
be declined]. Bursa c. bowdenensis, holotype ANSPIP 3747,
from Bowden shellbed, Jamaica, Late Pliocene. The specimen
in ANSP illustrated by Pilsbry (1922: pl. 19, fig. 8) is labelled
“syntype,” but Pilsbry (1922: 360) expressly stated “Type no.
3747 ANSP” so this specimen is the holotype (PL. 9, Figs 7-8).
Bursa c. colombiana, holotype PRI 22964 (Pl. 9, Figs 3, 5),
from near Tuhera Cedral, Morro Hermoso, Departamento de
Atlantico, Colombia, “Middle Miocene.” Bursa c. caribbaea,
type material not seen, location not known to me, presumably
originally in the private collection of M. Smith.

Other material examined.—Recent: Florida: 300 m, S of
Key West (AMNH 154660, 3); off of Dry Tortugas (DMNH
107676, 1). Atlantic Honduras: 40 m, off of Honduras
(AMNH 120905, 1; GNS WM13601, 3). Atlantic Panama:
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3 km N of Colon, in 20 m (MCZ, 3); E Panama (AMNH
48094, 2; LACM-A. 1463, 1); Colon (USNM 589555, 1).
Cuba: Matanzas Bay (AMNH 84362, 1); shallow water at
low tide, Matanzas Bay (ANSP 315431, 1). Trinidad: R/V
Chain cruise 35, sta. 44, dredged in 30 m, 16 km S of Moruga
Pt, S Trinidad (MCZ 274315, 2); Manzanilla Bay (AMNH
190492, 1); Gulf of Paria, dredged, C. J. Finlay collection
(now at FAU, 1); Gulf of Paria (USNM 432407, 1). Antillean
islands: “West Indies” (ANSP 36913, 4); Barbados (AMNH
190493, 10; AMNH 136208, 1; AMNH 141822, 5; C. J.
Finlay collection, now at FAU, 1). Colombia: R. von Cosel’s
material in SMF: 18 lots from shrimp boats, offshore along the
entire Colombian coastline; westernmost: 6-7 m, off of Punta
Caribana, entrance to Gulf of Uraba (1); easternmost: 40-45
m, SE of Punta Espada, Goajira Peninsula (1). Venezuela (at
NMB, J. & W. Gibson-Smith collection): Laguna la Reina,
Estado Miranda (NMB 17687, 2); Adicora, Paraguand
Peninsula, Falcén (NMB 17666,16); La Vela de Coro, base
of Paraguand Peninsula, Falcén (NMB 17668, 17); Puerto
Cumarebo, Estado Falcén (NMB 17669, 5); RV La Salle sta.
13A, Orinoco Delta, September 1971 (NMB 17734, 1); Juan
Griego, Isla Margarita (NMB 17696, 1). Other localities:
coast at Coro (ANSP 42577, 1); 40-60 m, on mud, 5 km
N of Coche Island (LACM-AHE A.33-39, 3). Guiana: 118
lots (more than 500 specimens, most juvenile) dredged from
Suriname shelf examined at RMNH, from Coquette, Luymes,
Snellius, etc. expeditions; R/V Chain cruise 35, sta. 40, ca. 100
km N of Georgetown (MCZ 274289, 1 juvenile); 60 m, off of
Suriname (AMNH 125516, 2); trawled between Georgetown
and Paramaribo, Amazon (AMNH 142276, 1); 40-60 m, off
of French Guiana (GNS WM17388, 9); Suriname (ANSP
246576, 1); off of Paramaribo, Suriname, Coquette sta. 166
(USNM 670449, 2); mouth of Mattippicca Canal, Suriname
(USNM 635255, 2). Brazil: shrimpers off N coast of Brazil
(AMNH 190116, 11); dredged, 40 m, off of Cabo Maguari,
Ilha Marajo, N Brazil (AMNH 140141, 2; 140143, 2); R/V
Oregon II cruise 58, sta. BBC-1602, 70-80 m, off of Calcoene,
Guiana Basin, Brazil (USNM 767410, 1); 112 m, on mud,
off of Amalpa (LACM 55550, 2); 32 m, off of Cossiporé,
Amalpd, N/O Almirante Saldanbha (GNS WM14011, 2).
Fossils: Florida: Middle Miocene: TU 69a, Shoal River
Fm, Shoal River, first ravine upstream from Shell Bluff,
Florida (USNM 647109, 1 juvenile; specimen figured by
Vokes, 1973: figs la-b) as Bursa amphitrites; Pl. 9, Fig. 6).
Petuch (1994: pl. 39, figs D-E) also illustrated a specimen
from the middle Pliocene (late Piacenzian, Petuch, 1994:
19; middle Pliocene, Vermeij, 2005: 628) Pinecrest fauna,
Tamiami Fm at “Bird Road dig,” Miami. Jamaica: Late
Pliocene, Bowden: USNM 115480 (1); USGS 24743 (3);
2580 (8); USNM 339464 (1; specimen figured by Woodring,
1928: pl. 19, fig. 4; illustrated here, Pl. 9, Figs 1, 4); NMB

11146 (1; illustrated, PL. 9, Figs 10-11); NMB 10651 (1);
BMNH Palacontology Department, G64025 (2; specimens
recorded by Guppy, 1866: 288); BMNH Palacontology
Department, G64073 (1, specimen figured by Guppy, 1866:
pl. 18, fig. 9); BMNH Palacontology Department, GG3860
(1); UCMP S-2 (1). Dominican Republic: Late Miocene:
Cercado Fm: NMB 16982 (1); Cercado Fm, Rio Cana, col-
lection of Bernard Landau (1); Gurabo Fm: TU 1449 (GNS
WM18856, 1). Late Miocene/Early Pliocene: Gurabo Fm:
NMB 16821 (1); TU 1451 (GNS WMI16946, 1); “Rio
Cana?” (PRI 28761, 1; specimen figured by Maury, 1917a:
pl. 17, figs 6-7). Early Pliocene: Mao Fm: NMB 15833 (1).
Trinidad: Pleistocene, Matura: USGS 19860, USGS 18204,
and USNM 645672 (7); NMB H 15150 (1, specimen figured
by Jung, 1969: pl. 49, figs 5, 6; illustrated here, PL. 9, Fig. 12);
NMB H 15151 (1; specimen figured by Jung, 1969: pl. 49,
figs 3-4); NMB H 15149 (1). Pacific Costa Rica: Pleistocene:
USGS 24792, stream courses including Rio Vaca, crossed by
Progresso-Largato trail, Puntarenas Province. (1). Atlantic
Costa Rica: Pliocene, Banino Fm: NMB 17446 (1); 17448
(1); 17450 (3); 18096 (3); 18100 (1); TU 589 = NMB 19024
(3). Latest Pliocene-Early Pleistocene, Limén: USGS 8343
(4); TU 954 (GNS WM18857, 1 frag from a large shell);
basal Moin Fm mudstone (late Pliocene), Rte. 32, 3 km W
of Puerto Limdn, coll. J. A. Todd, February 1998 (1, BMNH
Palacontology Department). Robinson (1991) also recorded
this species from Limén, on the basis of one specimen col-
lected by Gabb (ANSPIP 3404). Atlantic Panama: Pliocene:
Escudo de Veraguas Fm: NMB 17622 (1); 17849 (1); 18668
(1); Cayo Agua Fm: NMB 17812 (2); 17822 (1); 17827 (1);
18373 (1); 18720 (1); 18772 (1); apparently Fish Hole Reef
Member of Shark Hole Point Fm (see Appendix 3): USGS
8307 (1). Colombia: Miocene/Pliocene: USGS 11356 (1);
Arroyo Grande, 500 m NW of Megua, Departamento de
Atlantico (UCMP S-8007, 1); lowermost sandstone, Point
Canoas, Departamento de Bolivar (UCMP S-70, 4 large);
Turritella bed above S-70 (UCMP S-71, 3); Arroyo Dorrera,
W of Usiacuri, Departamento de Atlantico (UCMP S-7374,
1); as above (UCMP S-7385, 1); head of Arroyo Grande,
Usiacuri, Departamento de Atlantico (UCMP S-7607, 1);
Arroyo Mons near Boca de Arroyo Mons, Departamento
de Atlantico (UCMP S-7511, 3); “Miocene, Colombia”
(UCMP S-168, 1; C-9295, 1; C-12470, 3 large). Pliocene:
USGS 11335 (1); Juan de Acosta (BMNH Palacontology
Department, G35044, 1). Pleistocene: USGS 8734 (1);
11010 (1); 11012 (1). Venezuela: Pliocene: NMB 12045
(1); 12892 (1); 13339, Cubagua Fm, Cerro Negro Member,
Caion de las Calderas, Cubagua Island (9; 2 illustrated, NMB
H 18055, H 18056; PL. 9, Figs 13, 15); same as last, collec-
tion of Bernard Landau, many (GNS WM17697, 9, pres.
B. Landau); NMB 17512 (1); 17515 (1); 17531 (1); USGS
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24564 (17); USNM, A. A. Olsson loc. 210, same as last (6);
PRI loc. 1729, same as last (5); Cubagua Island, S of Isla
Margarita (BMNH Palacontology Department, G64569, 1);
400 m SW of house at Las Calderas, Cubagua Island, Nueva
Esparta (UCMP S-122, 100+); Punta Gavildn, collection of
Bernard Landau (1). Pleistocene: NMB 17607 (2).

Distribution.—Marsupina bufo is dredged commonly on
the shelfin ca. 30-200 m at the present day, from southeastern
Florida (McGinty, 1940; Abbott, 1974: 167), USA, south to
Bahia, Brazil (Rios, 1994). Specimens are abundant in rela-
tively shallow water along the northern coast of Venezuela,
Suriname, and Guiana. Fossils are common at a few Miocene
to Pleistocene localities, notably in the Early Pliocene of
Cubagua Island, Venezuela, but are uncommon to rare at
other localities, or somewhat surprisingly absent at still oth-
ers. Specimens are rare in Dominican Republic localities. The
specimens recorded by Gabb (1881: 353) from Limén, Costa
Rica, as Bursa nana seem likely to refer to Marsupina bufo, be-
cause there are several other records of M. bufo from Limén.
Rutten (1931: 664) recorded fossils [as Bursa (M.) crassa)
from Pleistocene localities in Suriname, citing four earlier
publications that I have not seen. All fossil localities where M.
bufo has been collected are cither on the Caribbean islands or
on the Atlantic coasts of Florida (rare), Costa Rica, Panama,
Colombia, Venezuela, and Suriname; there are virtually no
records from the Pacific coast of western America. The one
exception is a specimen from the Rio Vaca (Plio-Pleistocene?),
Puntarenas Province, Costa Rica. This again provides valu-
able evidence that the Central American seaway was not yet
closed.

Marsupina freya (Olsson, 1932)
PL 10, Figs 6, 8-9

Bursa (Marsupina) freya Olsson, 1932: 187, pl. 21, figs 3, 4-6.
Bursa aft. B. (Marsupina) freya. Marks, 1951: 378.

Remarks.—Marsupina freya is a highly distinctive species dif-
fering from the living M. bufo and M. nana in its (a) much
shorter and wider form, (b) much finer, closer, and more even,
more uniform granulation of the whole teleoconch surface on
all specimens, (c) markedly lower spire, and (d) proportion-
ally larger but shorter aperture and long, widely open pos-
terior siphonal canals extending up the spire. The shell as a
whole is markedly dorsoventrally compressed, and much more
closely resembles M. bufo than any other American Bursidae.
This species also resembles the Indo-West Pacific species of
Bufonaria, and particularly such short, wide species as B.
margaritula. However, M. freya is similar in shape to M. chira
and M. yasila (Olsson, 1930: 62-63) from the Oligocene and
Eocene, respectively, of Peru, and this record indicates a long

evolutionary history in South America, rather than M. freya
being a relatively recent arrival from the western Pacific.

The specimens described by Olsson (1932) had only two
large, rounded nodules in each intervariceal interval on the
obscurely defined shoulder angle, but it is clear that his speci-
mens had a more finely nodulose periphery on spire whorls,
and the degree to which the shoulder nodules are reduced
on the last whorl should be expected to vary. The specimens
identified by Marks (1951: 378) as “Bursa aff. B. (Marsupina)
freya” differ from Olsson’s material only in having “three small,
pointed nodes” in each intervariceal interval at the periph-
ery, and clearly are conspecific. Twelve rather poor specimens
(calcite neomorphs in hard, lime-cemented sandstone) from
Malpais, Nicoya Peninsula, Costa Rica, appear to represent
M. freya, and the best of them (PL. 10, Fig. 9) agrees with the
type material in all characters, including having only two pe-
ripheral nodules in each intervariceal interval, except that the
granulose sculpture over the exterior surface is a little coarser
than on the specimens illustrated by Olsson (1932: pl. 21,
figs 3-4, 6).

Dimensions.—Marsupina freya, holotype: H 23.1, D 16.5
mm; NMB 17474, Nicoya Peninsula, Costa Rica: H 24.8, D
17.3 mm.

Types.—Bursa (Marsupina) freya, holotype PRI 2312 (Pl
10, Figs 6, 8), with two paratypes 2313 and 2315 (speci-
mens illustrated by Olsson, 1932: pl. 21, fig. 4 and pl. 26,
fig. 6, respectively), from “Zorritos Miocene,” divide between
Quebrada Conchudo Bravo and Quebrada Seca, Mancora,
Peru (10 specimens; Olsson, 1932: 188).

Other material examined.—Fossils: Pacific Costa Rica:
Late Oligocene-Early Miocene: NMB 17474, sandstone 2
km N of village at Malpais, SW coast of Nicoya Peninsula
(12; 1 illustrated, NMB H 17903; PL. 10, Fig. 9). Ecuador:
Miocene: PRI loc. 11202, loc. 676 of Marks (1951), Subibaya
Fm, Progreso Basin, SW Ecuador (PRI 4207C, 1).

Distribution:—Marsupina freya has been recorded previously
only from the Miocene of Ecuador and Peru, and the range is
extended a long way northward here, to the Nicoya Peninsula,
Costa Rica. All three localities apparently are Miocene, and all
lie along the Pacific coast of tropical America.

Marsupina judensis n. sp.
PL 10, Figs 4, 7, 10

2Bursa (Colubrellina) caelata  amphitrites. Aguilar, appendix in
Seyfried et al., 1985: 64 (not Bursa amphitrites Maury, 1917).

Description.—Shell of moderate size for genus (54 mm H),
short, wide and solid, prominently angled at periphery, par-
ticularly on varices, with spire one quarter of height and height
1.4 times width, with very wide, very thick varices for genus,
and with weak sculpture. Protoconch and first intervariceal
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interval of teleoconch abraded; first visible well-preserved
teleoconch sculpture (apparently on second intervariceal in-
terval) of regular, small, closely spaced nodules, at junctions
of 5 evenly spaced, low, narrow spiral cords, the central one
at periphery, and 11-12 low, narrow axial ridges of same size
and spacing as spiral cords. Peripheral and subsutural cords
increasing in prominence and all other cords decreasing in
prominence on succeeding intervariceal intervals, therefore
over intervariceal intervals 4-8, a prominent subsutural row
and a prominent suprasutural row of 8-10 small nodules, on
a wide, moderately prominent spiral cord, are separated by a
prominent, wide, median peripheral cord bearing 3-6 large,
rounded nodules (decreasing in number and increasing in size
down the shell), by 3 very low, narrow, widely spaced, weakly
granulose threads on weakly concave sutural ramp, and by
one narrow, almost-smooth spiral thread between peripheral
and suprasutural cords. Over last 3 intervariceal intervals, all
spiral cords and nodules decreasing in prominence; sculp-
ture of last 2 intervals consisting of 3 wide, low, rounded,
faintly nodulose to smooth, lightly polished spiral cords, with
smooth, polished interspaces each approximately equal to
one cord in width. Spiral cords remaining prominent, weakly
granulose and with 3-4 narrow, weakly granulose threads on
uppermost spiral interspace, and 1-2 in all lower interspaces
over varices onto last whorl, and 4 major spiral cords strongly
elevated to form prominent buttressing ridges across both fac-
es of all varices. Anterior siphonal canal very wide, extremely
prominent, strongly curving to left and then to right, forming
exceedingly prominent fasciole with central hollow filled by
inner lip callus, its exterior bearing 7 narrow, weakly but obvi-
ously granulose spiral cords. Posterior siphonal canals forming
tall, rather thin-walled, deeply excavated channels of semicir-
cular section, on last three varices extending up to periph-
ery of previous whorl, shorter (or broken) on earlier whorls.
Inner lip strongly thickened, moderately widely spread over
previous whorl, particularly in parietal area and over anterior
siphonal fasciole, bearing many prominent, rounded, wide-
ly spaced, slightly irregular transverse ridges over its entire
height. Interior of outer lip bearing 10-11 short, narrow, very
prominent transverse ridges, arranged in pairs with slightly
wider interspaces than between members of one pair, with
outer margin of lip flange strongly fluted by a shallow chan-
nel between each pair of ridges; ridges protruding strongly
anteriorly (in direction of spiral growth) to digitate outer lip
margin prominently.

Dimensions.—Holotype (the one complete specimen seen):
H 54.0, D 37.4 mm.

Types.—Holotype NMB H 18308 (Pl. 10, Figs 4, 7, 10),
from Punta Judas, 40 km WNW of Quepos, Pacific coast of
Costa Rica, Late Miocene, coll. and pres. Bernard Landau;
NMB 17753, locality as for holotype (2 incomplete para-

types); NMB 17754, locality as for holotype (3 incomplete
paratypes); NMB 17755, locality as for holotype (1 incom-
plete paratype); NMB 17757, Punta Judas (1 frag, assigned
tentatively); NMB 17758, Punta Judas (1 frag, assigned ten-
tatively). The NMB localities are in stratigraphical succession
around Punta Judas; the higher ones are shown on the map
by Jung (1995: fig. 1). I have seen only the type material.
Jung (1995) described the type locality in some detail when
he described the new buccinid genus Judaphos from the same
locality, and Seyfried ez al. (1985) described the facies and
stratigraphy of the section in detail.

Remarks.—This possibly is the form intended to bear the
name Bursa nana jamanensis Pilsbry & Olsson, 1941, but
this is a nomen nudum at the two places where it has been
published (Pilsbry & Olsson, 1941: 8; Olsson, 1942: 170)
and specimens that I have seen from the Jama Formation
(Pliocene) are fairly typical specimens of Marsupina nana.
Marsupina judensis n. sp. resembles M. nana in most charac-
ters, and particularly in the smooth, polished appearance of
adult specimens and in the style, the range of variation, and
the decrease in prominence down the teleoconch of its inter-
variceal sculpture. It is readily differentiated from M. nana by
its much wider and thicker varices and its wider, lower shape
and overall much more squat, solid appearance. It seems likely
that M. judensis n. sp. was directly ancestral to M. nana, to
judge from the morphological similarity and age relation-
ships. The only other Oligocene-Early Miocene Marsupina
species known so far from the Pacific coast of the Americas
is M. freya, discussed above. Marsupina judensis n. sp. is read-
ily distinguished from M. freya by its larger size, its markedly
taller spire and its smoother sculpture, particularly on the va-
rices. It is a pleasure to record that, once again, the excellent
holotype was collected by and was contributed generously to
this project by Bernard Landau.

Distribution.—1 have seen definite material of Marsupina
Jjudensis n. sp. only from Punta Judas, Pacific coast of Costa
Rica. It seems likely to occur widely in Miocene rocks of the
Pacific coast of tropical and northern South America.

Etymology—The specific name (“from [Punta] Judas”) re-
fers to the type locality.

Marsupina nana (Broderip & G. B. Sowerby I, 1829)
Pl. 10, Figs 11-12, PL. 11, Figs 1-2, 5, 7-8

Ranella nana Broderip & G. B. Sowerby I, 1829: 376; G. B.
Sowerby II, 1835, “small sheet”: caption to pl. 85, fig. 6; 1841b:
51; Kiener, 1841: 21, pl. 9, fig. 2; Reeve, 1844b: pl. 6, fig. 29;
Menke, 1850: 189; C. B. Adams, 1852: 119; Stearns, 1894:
188.

Ranella pulchra G. B. Sowerby 11, 1835, “small sheet™: caption to
pl. 89, fig. 14 (senior primary homonym of R. pulchra G. B.
Sowerby II, 1836, “small sheet™: caption to pl. 93, fig. 19).
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Ranella albofasciata G. B. Sowerby 11, 1841a: unpaginated catalog of
Ranella species; 1841b: 52.

Ranella albifasciata (sic). Reeve, 1844b: pl. 6, fig. 27; Tryon, 1880:
38, pl. 19, fig. 9.

Bursa nana. Pilsbry & Olsson, 1941: 39, pl. 5, fig. 6; Keen, 1971:
509, fig. 966.

?Bursa nana jamanensis Pilsbry & Olsson, 1941: 8; Olsson, 1942:
170 (nomen nudum).

Bursa (Colubrellina) nana albofasciata. Hertlein & Strong, 1955b:
264.

Bufonaria (Marsupina) nana. Beu, 1985: 65, fig. 50; Cossignani,
1994: 41.

Bursa (Colubrellina) caelata amphitrites. Aguilar & Fischer, 1986:
223, pl. 2, fig. 7 (not Bursa amphitrites Maury, 1917).

Marsupina nana. Lépez de la Fuente & Ramos, 2004: 86.

Remarks.—Marsupina nana has been mentioned and discussed
in the literature surprisingly few times, considering that it is
one of the most common offshore bursids along the western
coast of America from Coronado Island, outer coast of Baja
California Peninsula, and from Guaymas, Sonora, Mexico, to
off of Tumbes, northern Peru (3°28’S) (LACM material listed
below). Much live-collected material is available in museums,
showing clearly that the operculum has an anterior terminal
nucleus. The shell is of moderate size (to cz. 60 mm H, but
most up to 50 mm), with its varices quite low and subdued in
adults and strictly aligned, with a steeply sloping sutural ramp
that clasps the previous whorl to a little below the shoulder.
In many specimens, the sutural ramp is a little more concave
than in M. bufo, with a widely open, tall posterior siphonal ca-
nal linked up the spire to the previous canals, at least on some
specimens, and with a prominent siphonal fasciole in adults,
formed by the anterior canal being strongly deviated to the
left and then recurved to the right. Marsupina nana is there-
fore clearly related to M. bufo in a close phylogenetic sense,
and appears to be the eastern Pacific cognate of the western
Adantic M. bufo. All small juvenile specimens of M. nana,
many half-grown shells, and a few adult specimens have quite
coarse granulose sculpture or rows of more obvious, small,
subrectangular nodules, and many have more prominent va-
rices than in adults; this is the form named Ranella albofas-
ciata by G. B. Sowerby II (1841a, b). However, virtually all
large adults and a range of medium-sized to moderately large
specimens in all collections examined have an almost com-
pletely smooth, highly polished shell surface on the last whorl
or two, apart from a weak shoulder angulation bearing a few
low, smoothly rounded nodules. There is no doubt that the
form albofasciata was based on coarsely granulose immature
specimens of M. nana, and that this species undergoes the
same sculptural change with growth as M. bufo, except that
most specimens reduce the granulose sculpture even further
than does M. bufo, and are completely smooth on the last
whorl or two. In Recent material, M. nana is also easily dis-

tinguished from M. bufo by its dark purplish brown (rather
than pale to medium red-brown) coloration; M. nana also has
some paler spiral banding, white on some specimens, and a
bright white aperture and anterior canal, standing out in more
marked contrast than in M. bufo.

R. E. Petit (North Myrtle Beach, South Carolina, pers.
comm., 13 Februay 2008) pointed out an unfortunate no-
menclatural complication with the names Ranella pulchra and
R. albofasciata of G. B. Sowerby II (1835-1836, 1841a, b).
Sowerby (1835: pl. 89, fig. 14), in the temporary “small list”
captions for plates 89 and 90 issued with this part of “The
conchological illustrations,” initially identified the a/bofas-
ciata form of Marsupina nana by the name R. pulchra. Soon
afterward, he (Sowerby, 1836: “small sheet” caption to pl. 93,
fig. 19; copy of original figure published by me (Beu, 1998b:
30, fig. 4f) used this manuscript name of Gray’s again for a
Biplex species, the smaller western Pacific species for which
I (Beu 1998b: 32) adopted the name B. pulchra. Purchasers
were instructed by Sowerby (in “instructions to the binder”
at the end of the book) to discard these temporary caption
lists when the more final catalogs of species were issued and
the whole work bound — in this case, the Ranella catalog was
issued in 1841 — and so most bound copies of this work do
not contain the “small sheet” lists. By the time the complete
catalog was issued, Sowerby (1841a) presumably realized that
he had used the same name for two species, and the name R.
albofasciata was adopted for the earlier of the two usages of
R. pulchra. Ranella albofasciata was also formally described as
new by Sowerby (1841b: 52). Because the name R. pulchra G.
B. Sowerby II, 1836, has been used as the valid name for the
small western Pacific Biplex species in only a few works since
1998 (I am aware of five), and not earlier, it is not possible to
preserve it under ICZN Article 23.9.1, and it must remain
a junior primary homonym of R. pulchra G. B. Sowerby 11,
1835. This, in turn, is a junior synonym of R. nana Broderip
& Sowerby, 1829. For the smaller western Pacific Biplex spe-
cies for which I (Beu, 1998b: 32) adopted the name B. pulchra
(G. B. Sowerby II, 1836), the next-youngest name must now
be adopted: B. aculeata (Schepman, 1909: 115, pl. 10, figs 1a-
G; lectotype and paralectotype: Beu, 1998b: 33, figs 5d-e).

Dimensions.—Ranella nana, lectotype: H 56.4, D 32.3 mm;
paralectotypes: H 49.8, D 30.7 mm, and H 54.3, D 34.0
mm; Ranella albofasciata, lectotype: H 46.0, D 30.4 mmy;
paralectotypes: H 46.6, D 30.4 mm, and H 24.3, D 16.7
mm; figured specimen, NMB H 17905, from NMB 17471,
Playa Cocalito, Nicoya Peninsula, Costa Rica: H 49.8, D 28.9
mm; figured specimen, NMB H 17904, from NMB 18161,
locality same as last: H 34.4, D 23.1 mm.

Types.—Ranella  nana, 3 “probable” syntypes BMNH
1950.11.28.14-16, labeled “Panama, coarse sand, 10 fath-
oms” [18 m]; in the absence of any other possible type mate-
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rial, these are accepted as the syntypes of R. nana. The largest
syntype, BMNH 1950.11.28.14, most neatly resembles the
illustration by G. B. Sowerby II (1835: pl. 85, fig. 6), although
it is a little paler and wider than the shell in the figure, and is
here designated the lectotype of R. nana. There is no separate
type material labeled R. pulchra that applies to the present spe-
cies. Ranella albofasciata, 3 syntypes BMNH 1950.11.28.20-
22, with identical locality label to that of the syntypes of R.
nana (there is little doubt that Hugh Cuming subdivided an
originally single population into more finely and more coarsely
sculptured specimens); the intermediate-sized syntype (PL. 11,
Figs 1-2) matches the illustrations by both G. B. Sowerby II
(1835: pl. 89, fig. 14) and Reeve (1844b: pl. 6, fig. 27) and is
here designated the lectotype of R. albofasciata. Ranella nana
originally was published without locality; G. B. Sowerby II
(1835: caption to Ranella plates) originally stated the locality
of R. albofasciata as “Panama, of the Philippines” (quoting the
highly unreliable memory of Hugh Cuming), and Hertlein &
Strong (1955b: 264) designated the type locality as Panama
Bay, in 18 m.

Other material examined.—Recent: 98 lots examined
at AMNH, GNS, LACM, ZMC, ZMF; from W Mexico
(northernmost: 28 m, on sand, 8 km E of South Coronado
Island, outer coast of Baja California, 32°24’'N, 117°09°15”W,
LACM-AHF 871-38, 1), W Guatemala, El Salvador, W
Costa Rica, W Panama (including under rocks at low tide,
Venado Island, GNS WM13915; 1), W Colombia, Ecuador,
and Peru (southernmost: 10-40 m, off of Tumbes, between
Caleta La Cruz and Puerto Pizarro, 3°28’S, 80°36’W, shrimp
boat, LACM 72-170, 1).

Fossils: Pacific Costa Rica: Pliocene: NMB 18037 (1);
18039 (3); 18043 (1); 18047 (1); 18049 (3); 18052 (1); 18053
(1); 18054 (1); 18055 (3); 18056 (4); 18057 (1); 18293 (1);
18295 (1); Charco Azul Group, Penita Fm, Quebrada La
Penita, Burica Peninsula, collection of Bernard Landau (4); A.
A. Olsson’s loc. 116, mouth of Quebrada La Penita (USNM,
3). Pleistocene: NMB 17471 (41; 1 illustrated, H 17905; PI.
11, Figs 5, 7-8); 17767 (32); 17799 (4); 18116 (9); 18160
(2); 18161 (65 1 illustrated, NMB H 17904; PL. 10, Figs 11-
12); 18284 (1); 18285 (1); 18303 (1); USGS 24792, stream
courses including Rio la Vaca, crossed by Progresso-Lagarto
trail, Puntarenas Prov. (4); Montezuma Fm, Playa Cocalito,
Nicoya Peninsula, collection of Bernard Landau (29). Pacific
Panama: Pliocene: NMB 18068 (1). Pleistocene: NMB
17443 (1); 18066 (2); 18069 (2); 18070 (52); 18076 (2);
A. A. Olsson’s loc. 125, Burica Peninsula (USNM, 1); A. A.
Olsson’s loc. 130, Burica Peninsula (USNM, 1). Panama,
Darien: Late Miocene: NMB 18517 (1). Ecuador: Pliocene:
NMB 19142 (1); 19152 (1); 19153 (1, large); USGS 23478,
Jama Bay S to Punta Barrocho, A. A. Olsson (6); 23507,
Loripes zone, Punta Blanca, A. A. Olsson (2).

Distribution.—Marsupina nana lives today in the eastern
Pacific from the outer coast of Baja California Peninsula
(32°24’N) throughout the Gulf of California and along the
western coast of tropical America, southward to northern
Peru (to at least 3°28’S). Specimens have been collected alive
from the shallow subtidal to a depth of c2. 100 m. Fossil speci-
mens are recorded from Pliocene and Pleistocene rocks along
the western coasts of Costa Rica and Panama, well within the
living range.

Marsupina strongi (Jordan, 1936)
PL 11, Figs 4, 6

Gyrinewm strongi Jordan, 1936: 160, pl. 18, fig. 10; Durham, 1950:
28, 115, pl. 29, figs 19, 22; Schneider, 1999: fig. 10.
Gyrineum (Bechtelia) strongi. Emerson & Hertlein, 1964: 360, fig.

5g.

Remarks.~1 reviewed (Beu, 1998b) the species of Gyrineum,
and showed that it is a uniform genus of small, solid, robustly
and consistently sculptured species, limited to the Indo-West
Pacific province during Miocene to Recent times, apart from
a few species in Miocene and Pliocene rocks of Europe and
southern Australia. No American species are correctly referred
to the genus. It was traditional during the first half of the
20™ century to refer most fossil Ranellidae of western North
America to Gyrineum, but these species are not congeneric
with the living Indo-West Pacific type species, G. gyrinum
(Linnaeus, 1758). J. T. Smith (1970) and I (Beu, 1988) re-
moved most western North American fossil species to other
genera; most belong in Ameranella Beu, 1988, Argobuccinum
Herrmannsen, 1846, Cymatium Roding, 1798, Fusitriton
Cossmann, 1903, or Ranella Lamarck, 1816.

A final, highly unusual species, Gyrineum strongi Jordan,
1936, has remained in a subgenus Gyrineum (Bechtelia) since
the subgenus was proposed by Emerson & Hertlein (1964),
but this species also shares very few characters with G. gyri-
num. The one character in common is the varices being aligned
up the opposing sides of the teleoconch, but this is an unreli-
able guide to relationships, because it occurs in both Bursidae
and Ranellidae: Ranellinae. The varices are unusually low and
wide in G. strongi, and the combination of low varices with
moderately large size [holotype 46.8 mm H, with much of
the spire apex missing; the excellent specimen illustrated by
Schneider (1999: fig. 10) originally was about 60 mm high]
and an unusual, tall, steep, weakly concave sutural ramp ex-
tending to just below the periphery of the previous whorl
produces a unique fusiform shape, more nearly resembling
that of Charonia than any other tonnoidean. However, the
aperture has a tall but rather shallow posterior siphonal notch,
the interior of both the inner and outer lips bears numerous
small rounded nodules, and the outer lip flange outside the
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terminal varix is quite strongly digitate. The posterior sinus
is a character found only in the Bursidae, and nodules on the
apertural lips and a digitate outer lip are much more com-
mon in Bursidae than in Ranellidae. Gyrineum strongi there-
fore should be referred to family Bursidae. The strictly aligned
varices, the digitate outer lip margin, the weak teleoconch ex-
ternal sculpture, the extension of the sutural ramp up to just
below the peripheral nodules of the previous whorl, and the
clongate shape indicate that G. “(Bechrelia)” strongi probably
is most closely related to the living species Marsupina nana,
and it seems likely that Bechrelia was based on an unusual spe-
cies of Marsupina, although it must be admitted that the taxo-
nomic position is uncertain. The taller spire, the taller, more
steeply inclined, only weakly concave sutural ramp, and the
reduction of teleoconch intervariceal sculpture (at least over
the last 3.5 whorls, all that is known of this species) to very
fine, low, close spiral cords and a row of low, rounded periph-
eral nodules distinguish M. strongi readily from the shorter
and more coarsely sculptured species M. nana.

The really unusual thing about Marsupina strongi is that it is
recorded only from late Middle Pleistocene (Last Interglacial,
oxygen isotope stage Se, ca. 125,000-130,000 years old;
Emerson ez al., 1981; Ashby & Minch, 1987; Ashby ez al.,
1987) terrace faunas of Baja California Sur, Mexico. That a
species should be limited to such a small area and to such
a short time range is almost unique in the Tonnoidea, and
perhaps indicates that M. szrongi might still be found living in
tropical western America. It also suggests that this species had
lecithotrophic development, although because the spire apex
seems consistently to be decollate on all specimens, the proto-
conch is unknown. Decollation of the spire apex is a character
that I have not otherwise observed in the Tonnoidea, so it will
be particularly interesting if this is indeed a consistent charac-
ter of M. strongi. It is conceivable that further study of a larger
range of material will demonstrate that a subgenus Marsupina
(Bechtelia) is useful to contain this unusual species.

Dimensions.—Holotype: H 46.8 mm (spire apex missing),
D 30.0 mm; specimen figured by Durham (1950: pl. 29, figs
19, 22): H 50.3 (spire apex missing), D 29.2 mm; specimen
figured by Schneider (1999, fig. 10): H 51.5 (spire apex miss-
ing), D 30.3 mm; Bahia de Santa Inés, collection of Bernard
Landau: H 40.0 (spire apex missing), D 24.6 mm.

Types.—Gyrineum strongi, holotype CAS 5480, with one
paratype CAS 5481, from late Pleistocene terrace (presum-
ably coeval with Mulegé Terrace, oxygen isotope stage 5e),
beach south of village, Bahia Magdalena, Baja California Sur,
Mexico; cast pres. L. G. Hertlein (GNS WM11282).

Other material examined.—Fossils: W Mexico: Late
Middle Pleistocene, oxygen isotope stage 5e: UCMP A-3550,
Isla Coronado, Baja California (1, specimen recorded by
Durham, 1950, pl. 29, figs 19, 22); UCMP A3598, Bahia

Concepcidn, Baja California Sur (1); uplifted terrace, Bahia
de Santa Inés, near Mulegé, Baja California Sur, collection of
Bernard Landau (1), pres. B. Landau (GNS WM17430, 1).
Distribution.—Marsupina strongi is recorded only from late
Middle Pleistocene (Last Interglacial period, oxygen isotope
stage Se, ca. 125,000-130,000 years old) terrace faunas of Isla
Coronado, northern Mexico, and Isla Monserrate and Isla San
Diego in the southwestern Gulf of California (Emerson &
Hertlein, 1964), from the mainland coast of western Mexico
at Bahia Magdalena (Jordan, 1936), on the inner coast of Baja
California Peninsula at Bahia Concepcién and in the Santa
Rosalia area (Durham, 1950) and at three localities in Mulegé
Terrace cover beds near Punta Chivato, south of Santa Rosalia
(Schneider: 1999: table 1; at Punta Gallito, sea cliffs north-
west of Punta Prieta, and northern end of Punta Santa Inés).

FAMILY PERSONIDAE Gray, 1854
Genus DISTORSIO Rading, 1798

Distorsio Roding, 1798: 133. Type species (by subsequent designa-
tion, Pilsbry, 1922: 347): Murex anus Linnaeus, 1758, Pliocene
to Recent, Indo-West Pacific.

Distortrix Link, 1807: 122. Type species (by subsequent designa-
tion, Dall, 1904: 133): Distortrix anus Link, 1807 (= Murex anus
Linnaeus, 1758).

Persona Montfort, 1810: 603. Type species (by monotypy): Persona
anus Montfort, 1810 (= Murex anus Linnaeus, 1758).

Distorta Perry, 1811: caption to pl. 2. Type species (by subsequent
designation, Emerson & Puffer, 1953: 96): Distorta rotunda
Perry, 1811 (= Murex anus Linnaeus, 1758).

Calcarella Souleyet, 1850: 247. Type species (by monotypy):
Calcarella spinosa Souleyet, 1850 (= larval shell of Distors