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NEOCENE PALEONTOLOGY IN THE NORTHERN DOMINICAN REPUBLIC. 17. THE FAMILIES
CUSPIDARIIDAE AND VERTICORDIIDAE (MOLLUSCA: BIVALVIA)

Peter Jung

Naturhistorisches Museum Augustinergasse 2, CH-4051, Basel, Switzerland

ABSTRACT

Seven species belonging to two genera of Cuspidariidae and two genera of Verticordiidae are described and figured. Five of

them occur in the Neogene sections of the Dominican Republic and their stratigraphic occurrences are given. Two species of the

verticordiid genus Trigonulina are known from the Recent fauna only: one from the Western Atlantic, the other from the Eastern

Pacific. The hitter is described as new {T. pacifica n. sp.). The two hving species are discussed herein for comparative purposes.

Out of the five fossil species, only two are well represented {Cardiomya islahispaniolae and Trigonulina howdenensis). The

remaining three species are known from very few specimens.

RESUMEN

Se describen siete especies pertenecientes a dos generos de la familia Cuspidariidae y a dos generos de la familia Verticordiidae.

Cinco de ellas se encuentran reprcscntadas en las secciones del Neogeno de la Repiiblica Dominicana; se indican sus ambitos

estratigralicos. Dos especies de verticordidos del gencro Trigonulina solamente se conocen de la fauna actual. T pacifica habita

en el Pacifico Oriental y se describe aqui por primera vez; la otra habita en cl Atlantico Occidental. Ambas se mcncionan con

prop6sitos comparativos. De las cinco especies fosiles, apenas dos estan bien representadas {Cardiomya islahispaniolae y Tri-

gonulina bowdenensis). El material existente de las rcslantcs tres especies es muy escaso.

INTRODUCTION
This paper is a further contribution to the series of

^^^onomic studies dealing with Neogene fossils from
^ctions situated in the Cibao Valley of the northern

|:^'^minican Republic (Text-fig. 1). The project and the

|"^rnework within which these studies are being car-

^^^d out have been oudincd by Saunders et al. (1982)
^^^ Saunders et al (1986). Jung (1986, p. 5) listed the

^st important early collections of moUuscs from this

^^^- The material of Cuspidariidae and Verticordiidae

^^ilabie for this paper is not rich. I nevertheless

^^ght it worthwhile studying these two families es-
\r^ 111 . ^

1979, and 1980 as part of the project referred to above.

The field work was made possible by a grant from the

Swiss National Science Foundation (Grant 2.646-

0.76). The financial help and the assistance in the field

provided by Institut Frangais du Petrole are gratefully

acknowledged.

I am indebted to the following persons for the loan

of specimens under their care: Gary Rosenberg, Acad-

emy of Natural Sciences, Philadelphia, PA, U.S.A.;

Alan Kabat, Mark Florence, Jann Thompson, Warren

Blow, all of the National Museum of Natural History,

Washington, DC, U.S.A.; Kathie Way, The Natural His

P^ciaiiy considering the facts that (1) illustradons of tory Museum, London, England; James McLean, Los

^c groups in literature are generally rather poor, and

^
^ the method of scanning electron microscopy allows

Pt'oduce good illustradons.

Angeles County Museum, Los Angeles, CA, U.S.A.

Eugene Coan, Palo Alto, CA, U.S.A., offered useful

comments and informaUon on parts of the manuscript.

the
In addition, I am grateful to Richard Guggenheim,

Marcel Diiggelin, and Daniel Mathys, all of the Scan-

^^ is the case for all the contributions to this series, which are gratefully acknowledged,

niaterial studied has been collected from measured
^^Uons. The geographic location of the investigated

^^^ is shown in Text-figure 1. For detailed infor-

mation as to geographic locations and stratigraphic po-
t >on of all the coUecdng stations, as well as to the

uder is referred to the paper by Saunders et al

-• v'l aw uie coiiecimg siaiions, as wen a^ iu un^

J.

^^^^^1 biostraUgraphic framework and the ages, the

s referred to the paper by Saunders et al

^
-/. Formational names have been used with care.

^^Use correlations of the sections are not certain.
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The material on which this paper is based was coL
^ted during field work carried out in the years 1978,

ning Electron Microscope Laboratory, University of

Basel as well as to Severino Dahint, photographer at

the Naturhistorisches Museum Basel, Switzerland.

BIOSTRATIGRAPHY AND
PALEOBIOGEOGRAPHY

A total of seven species belonging to two genera of

Cuspidariidae and two genera of VerUcordiidae is dis-

cussed in this paper. Two species of the verticordiid

genus Trigonulina are known from the recent fauna
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8 Arroyo Pui^al

9 Rio Verde

Text-figure L—Index map showing location of investigated areas in the Cibao Valley, Dominican Republic (after Jung, 1986, Tcxt-ftg-

only, one from the Western Atlantic, the other from

the Eastern Pacific. They have been included here for

comparative purposes.

The stratigraphic occurrences of the remaining five

species are plotted in Text-figures 2-7. The species are

not continuously present through a given sequence of

sediments, but their occurrences are spotty (Jung and

Petit, 1990, p. 88; Jung, 1994, p. 6). The five species

occur in the following sections:

Rio Gurabo section (Text-figs. 2, 3):

Cardiomya islahispaniotae (Maury, 1917)

Cardiomya distlra (Dall, 1903)

Hallrls jamaicensis (Dall, 1903)

Trigonullna bowdenensls (Dall, 1903)

Rio Cana section (Text-fig. 4):

Cardiomya islahispaniolae (Maury, 1917)

Plectodon granulalus (Dall, 1881)

Trigonullna bowdenensls (Dall, 1903)

Rio Mao section (Text-figs. 5-7):

Cardiomya islahispaniolae (Maury, 1917)

Arroyo Zalaya;

Cardiomya distlra (Dall, 1903)

Hallris jamaicensis (Dall, 1903)

Arroyo Babosico near La Barranca, Rfo Yaque de'

Norte

:

Cardiomya distlra. (Dall, 1903)

Rfo Verde:

Trigonullna bowdenensls

As can be seen from the above hsts Cardiomya ^^'

lahispaniolae occurs in the sections of Rio Gurabo^

Rfo Cana, and Rfo Mao. Trigonullna bowdenensls h^

been found in the sections of Rfo Gurabo, Rfo Can^'

and Rfo Verde. Cardiomya dlstira is recorded from tn

sections of Rfo Gurabo, Arroyo Zalaya, and Ai'foy

Babosico; Hallris jamaicensis from the sections of I^'

Gurabo and Arroyo Zalaya, whereas Plectodon g^^^'

ulatus is restricted to the Rfo Cana section.

The representation of these five species in the va

ious sections is rather uneven. Four species occur ^

the Rfo Gurabo section, three in ihe Rfo Cana sectiot^'

two in Arroyo Zalaya, and a single species in the ^^

tions of Rio Mao, Arroyo Babosico, and Rfo Verde-

The numerical representation of the five species

the Dominican deposits is uneven as well. Trlgo^^^^^'

bowdenensls is represented by 80, Cardiomya isi^^

Ispanlolae by 52 Dominican specimens. On the oin

hand Cardiomya distlra is represented by only ^^^

Hallris jamaicensis by three, and Plectodon grants

tus by a single specimen. The three latter species the

fore arc very rare.
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^^t~ligy,-c 2.—Columnai section of Rio Guiabo showing occur-

J,

^es of species dealt with lierein (after Saunders et ai, 1986, Text-

"^- Numbers in second column from left refer to thickness in m
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Text-figure 3.—Rio Gurabo: upper part of columnar section show-

ing occurrences of species deaU with herein (after Saunders et al,

1986, Text-hg. 6). Numbers in second column from left refer to

thickness in m.

^^ the five species mentioned above, only Cardi- tion of Florida, the Pliocene of Florida, and from the

^J^y<^ islahispaniolac is endemic to the Neogene of the Recent fauna of the Western Atlantic.

*^"^inican Republic, Three species, namely Cardi-

,
y^ distira, Halihs jamaicensis, and Tn'gonuUna

p ^^^nensis, also occur in the early PHocene Bowden
,

^ttiation of Jamaica, and Plcclodon granulatiis is

^own from the middle Miocene Shoal River Forma-

ABBREVIATIONS OF REPOSITORY
INSTITUTIONS

ANSP: Academy of Natural Sciences, Philadelphia,

PA, U.S.A.
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Text-figure 4.—Columnar section of Rio Cana showing occur-

rences of species dealt with herein (after Saunders et al., 1986, Text-

fig. 16). Numbers in second column from left refer to thickness in m.

16929

17179

I
o
"c
CDa
CO

(0

E
o

o

BMNH: British Museum (Natural History), London,
England, now The Natural History Museum,
London.

LACM: Los Angeles County Museum of Natural

History, Los Angeles, CA, U.S.A.

NMB: Naturhistorisches Museum Basel, Switzcr-

Text-Ogurc 5.—Section exposed in Maury's Bluff 2 on Rfo M^

showing occurrence of Cardiomya {Cardloniya) islahispcwio^

(Maury, 1917) and stratigraphic positions of NMB localities: bU^^^

squares represent localities collected for microfossils and litholog

analyses; black circles represent localities collected for macrofosf'

(after Saunders et al, 1986, Text-fig. 31).
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iext-figurc 6.—Section exposed at mouth of Arroyo Bajon on Ri'o

*'o showing occurrence of Cardiomya {Cardiomya) islahlspani-

J^ac (Maury, 1917) and slratigraphic positions of NMB locahties:

'^^K squares represent locahties collected for iiiicrofossils and lilh-

"^^i"^ analyses; black circles represent localities collected for nia-

^'^^fossils (after Saunders et al, 1986, Text~hg. 32).
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Text-figure 7.—Section exposed at the downstream (eastern) end

of Maury's Bluff 3 on Rio Mao showing occurrence of Cardiomya

{Cardiomya) islahispaniolae (Maury, 1917) and stratigraphic posi-

tions of NMB localities; black square represents a locality collected

for microfossils and lithologie analyses; black circles represent lo-

calities collected for macrofossils (after Saunders et al., 1986, Text-

fig. 33).

land (the letter G after NMB stands for bi-

valves).

Paleoiitological Rescareh Institution, Ithaca,

NY, U.S.A.

Tuhinc University, New Orleans, LA, U.S.A.

^NM; United States National Museum of Natural

History, Smithsonian Institution, Washing-

ton, DC, U.S.A.

SYSTEMATIC PALEONTOLOGY

iNrRODUCriON

The basis for the preparation of this paper has been
^ combined colicctions of the Naturhislorisches Mu-
^^fn Basel and Tulane University. All of the figured

^P^^imcns of Cuspidariidae and Verticordiidae derived
^111 these collections are deposited in the Nattirhis-

^»schcs Museum Basel. It was originally planned to

.

'^^^line and refigure the type specimens of all the spe-
cs ot Cuspidariidae and Verticordiidae occurring in

^
^ C)ominican Republic Neogene as well as the type

l^^imens of species which were most important for

^^•^^Parative purposes.

However, this plan has not been carried out for var-

ious reasons. As mentioned below under Cardiomya

islahispanlokie, the holotype of that species is badly

broken (Fast, 1978, p. 80) and therefore could not be

reiigured. In addition the type specimens of four spe-

cies of Cuspidariidae and Verticordiidae described by

Dall (1903) from the early Pliocene Bowden Forma-

tion of Jamaica have been available to me: Cardiomya

craspedonia, which does not occur in the Dominican

Republic, and Cardiomya distira, Haliris jamaicensis,

and Trigonulina howdenensis, which occur in the Do-

minican Republic as well. The type lots of all these

four species consist of three specimens each. All those

spcciiucns are glued to a piece of black paper. I tried

to remove the specimens from the black paper using

various chemicals in an attempt to dissolve the glue

but widiout success. Lectotypes of all four species

have been selected, but they are not rcfigured herein.

Although the amount of material available for this

study is mentioned under each species, a summary of

the number of lots and specimens of each species is

given in Table 1.

As mentioned above, three of the species discussed

herein are also known from the Bowden Formation of
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Table I .—Numbers of lots and specimens of each of the seven

species of Cuspidariidac and Vcrticordiidac dealt with in this paper.

Table 2.—Number of specimens available from the Neogene of

the Dominican Republic and from the Bowdcn Formation of Ja-

maica.

taxon

number number of

of lots specimens

Cardiomya (Cardiomya) islahlspanlolae

Cardiomya (Bowdenia) distira

Plectodon granulatus

Haliris jamaicensis

Trigonulina ornata

Trigonulina pacifica

Trigonulina bowdenensis

Total

20 50

8 47

11 22

4 10

6 1049

23 1840

32 112

species

specimens

from
Dominican
Republic

specimens

from Bowden,

Jamaica

104 3130

Cardiomya islahlspanlolae

Cardiomya distira

Plectodon granulatus

Haliris jamaicensis

Trigonulina bowdenensis

50

8

1

3

80

39

7

32

Jamaica, but their numerical representation differs

greatly from that in the Dominican Republic. Table 2

gives the number of specimens of the five fossil spe-

cies available from the Dominican Republic and from

Bowden, Jamaica.

A short discussion of species concepts has been giv-

en by Jung (1986, p. 9; 1989, p. 37), and definitions

of the headings used in the following systematic part

may be found in Jung (1989, p. 35) and in Jung and

Petit (1990, p. 93). They are not repeated here.

SYSTEMATICS

Family CUSPIDARIIDAE Dall, 1886

Genus CARDIOMYA A. Adams, 1864

Cardiomya A. Adams, 1864, p. 208

Type species {by monotypy).-^Neaera gouldiana

Hinds, 1843. Recent, seas of Japan.

Diagnosis.—Shell of small to medium size, rostrate.

Sculpture consisting of radial ribs. Radial sculpture of-

ten restricted to main shell disc or continuing over the

rostrum as well. There may be secondary radial ribs.

Left hinge with a subumbonal chondrophore but no
teeth. Right hinge with a subumbonal chondrophore
and one or two lateral teeth. Posterior lateral tooth usu-

4

ally prominent.

Remarks.—Cardiomya not only includes Neogene,
Pleistocene (Grant and Gale, 1931), and Recent spe-

cies but also a number of species from deposits of
Eocene and Oligocene age (Durham, 1944; Gardner,

1945; Harris, 1919; Meyer and Aldrich, 1886; Turner,

1938; Yokes, 1939). According to the Treatise on In-

vertebrate Paleontology (p. N854) the oldest record Holotype of C. islahispaniolae.—V\^\2m)A.^'^^
^

dates back to the late Cretaceous. The stratigraphic a right valve which is badly broken according to F^^^

range of Cardiomya is therefore late Cretaceous to Re- (1978, p. 80) and Warren AUmon (written comm^^^'

Subgenus CARDIOMYA sensu stricto

Cardiomya (Cardiomya) islaiiispaniolae

(Maury, 1917)

Plate 1, figures 1-6; Plate 2, figures 1 4;

Text-figure 8

Neaera alternaia d'Orbigny. Gabb, 1873, p. 248.

Neaera ornatissima d'Orbigny. Gabb, 1873, p. 248; Guppy, i^^"'

p. 530.

Cuspidaria islahlspanlolae Maury, 1917, p. 196, pi. 26, lig. 20.

Cuspidaria ornatior Pilsbry and Johnson, 1917, p. 195; Pilsbty'

1922, p. 414, pi. 38, figs. 11, 12.

Cuspidaria gabbi Pilsbry and Johnson, 1917, p. 195; Pilsbry, 192*^'

p. 415, pi. 38, fig. 10.

Description.—ShcW of medium size (up to 9 mm i^

length), delicate, rostrate. Umbos prosogyratc, pl^^^

almost centrally. Sculpture consisting of numerous t^"

dial ribs. Postcriormosl rib more prominent than tn

others, forming a small carina marking the bound^^^

between main shell disc and rostrum. In addition ^^

this small carina there may be one or more ribs j^s

anterior to it which are more prominent than all tn

other ribs on the main shell disc and have wider ii^

terspaces. There may be a few secondary radial xv^^'

Except for the more prominent posterior ribs the radi'

ribs are usually well developed only on the ventral p^

of the main shell disc. Dorsal pari of the main she

disc is smooth or sculptured by concentric gr<^^

lines. The rostrum is smooth or sculptured by groW

lines. There may be an indication of a radial rib x\^

its postero-dorsal margin, where the growth lines ^

coarser and more prominent. Left hinge with a su

umbonal chondrophore but no teeth; margin bent •

dorsal direction anteriorly and posteriorly. Right W^^

with a subumbonal chondrophore and a promin

posterior lateral tooth; antero-dorsal margin b

slightly upwards. .
-

cent.
cation, September 22, 1993).
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dimensions of holotype of C. islaliispaniolae.—
Length 9 mm; height 6 mm (Maury, 1917, p. 196).

Type locality of C. islahispaniolae.—Bluff 3 of

Maury on Rfo Mao, Dominican Republic. Cercado
formation (lale Miocene). This includes NMB locali-

ties 16912, 16913, 17269, and 17307 (Saunders et al
1986, text-figs. 29, 33).

holotype of C. ornatior.—ANSF 2790, This is the

specimen (a left valve) figured by Pilsbry (1922, pi.

38, Qg. 12).

T>iniensions of holotype of C. ornatior.—Length 5.0

^ni; height 2.9 mm.
—''Santo Domingo".Type locality of C. ornatior.—

^^ further details are available.

Paratype of C. ornatior.—ANSP 79015. This is the

specimen (a left valve) figured by Pilsbry (1922, pi.

3^' fig. 11).

T>imenslons ofparatype of C. ornatior.—Length 4.8
^ni; height 2.7 mm.
Holotype of C. gabbi.—ANSP 2791. This is the

specimen (a left valve) figured by Pilsbry (1922, pi.

3^' fig. 10).

T>imensions of holotype of C. ^t/Z;Z?/.—Length 8.0
^i^; height 5.3 mm.

^ype locality of C, gabbi.— ''Santo Domingo''. No
^^nher details are available.

Paratype of C. gabbi.—ANSF 79016.

T^ifnenslons of paratype of C. gabbi.—Length 7.4
^^^; height 5.2 mm.

^^fnarks.—The 40 available specimens (some of
nich are incomplete) show variability in rostrum
^pe and radial sculpture. The rostrum may be rcla-

.

^iy long and narrow, or it may be shorter, thus giv-

6 the impression of greater width. In some specimens

^ ^^^ posteriormost radial rib is more prominent
^"^ the others. Li other specimens there may be up
^*^tir more prominent radial ribs with wider inter-

P^ces. This variability of the radial sculpture obvi-
Sly has been the reason for the introduction of the
nes ornatior and gabbi by Pilsbry and Johnson

^^^17,
p. 195)

ps nientioned in the introduction to the systematic

^ontology, the type specimens of four species of

., J^^^^ariidae and Vcrticordiidae described by Dall

J
^) Irom the early Pliocene Bowden Formation of
|iica are available. Three of them occur in the Do-
icau Republic as well: Cardiomya (Bowdenia) dis-

^. ' ^(iliris janiaicensis, and Trigonulina bowdenen-

Sei
^^ ^'^^'^h of these species a lectotype has been

f
^^^^ (see under those species). The same is done

p,j fourth species, Cardiomya (Cardiomya) eras-

p Z^'^^'*^' which does not occur in the Dominican Re-

^.

*e but is compared with C islahispaniolae. As is

Case for the other three species the type lot of C.

craspedonia consists of three specimens, which had

been glued to a piece of black paper and cannot be

removed from it without risk of damage. The type

specimens of C craspedonia (all left valves) are:

1. Lectotype: USNM 135691. Length 4.5 mm; height

2.7 mm. This is the specimen figured by Dall

(1903, pi. 57, fig. 17) and Woodring (1925, pi. 10,

fig- 20).

2. Pai-alectotype: USNM 482409. Length 3.6 mm;
height 2.3 mm. This is the specimen figured by

Woodring (1925, pi. 10, fig. 22).

3. Paralectotype: USNM 482410. Length 4.3 mm;
height 2.8 mm. This is the specimen figured by

Woodring (1925, pi. 10, fig. 21).

Comparisons.—C. islahispaniolae is similar but

nevertheless clearly distinct from C. craspedonia Dall

(1903, p. 1506, pi. 57, fig. 17) from the early Phocene

Bowden Formation of Bowden, Jamaica. It is not only

considerably larger (practically twice as large) than C.

craspedonia, but C. craspedonia has more numerous

secondary radial ribs on the main shell disc. In addi-

tion the rostrum of C. craspedonia is proportionately

shorter.

Material.—20 lots with a total of 50 specimens as

listed below:

L 1 spec, ANSP 2790: holotype of C ornatior;

"Santo Domingo".

2. 1 spec, ANSP 79015: paratype of C ornatior;
fafa

Santo Domingo 1?

3. 1 spec, ANSP 2791: holotype of C. gabbi; "Santo

Domingo".

4. 1 spec, ANSP 79016: paratype of C. gabbi; "San-

to Domingo".

5. 1 spec, NMB locality 16912: Rio Mao, Bluff 3

of Maury; Cercado Formation (late Miocene).

6. 4 spec, NMB locahty 16913: Rio Mao, Bluff 3

of Maury; Cercado Formation (late Miocene).

7. 2 spec, NMB locality 16915: Rfo Mao, Arroyo

Bajon; Cercado Formation (late Miocene).

8. 1 spec, NMB locality 16917: Rfo Mao, Arroyo

Bajon; Cercado Formation (late Miocene).

9. 1 spec, NMB locality 16922: Rfo Mao, Arroyo

Bajon; Cercado Formation (late Miocene).

10. I spec, NMB locahty 16923: Rfo Mao, Arroyo

Bajon; Cercado Formation (late Miocene).

11.2 spec, NMB locality 16929: Rfo Mao; Cercado

Formation (late Miocene).

12. 1 spec, NMB locality 16930: Rfo Mao, Bluff 2

of Maury; Cercado Formation (late Miocene).

13. 1 spec, NMB locality 15878: Rfo Gurabo; lower

pait of Gurabo Formation (late Miocene).
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cene): NMB localities 16912, 16913, TU locality 1294

(= Bluff 3 of Maury); 16915, 16917, 16922, 16923

(all Arroyo Bajon); 16929, 16930 (- Bluff 2 of Mau-

ry) (Saunders et al, 1986, Icxt-figs. 29, 30, table 3).

Rio Gurabo; lower part of Gurabo Formation (late

Miocene): NMB locality 15878. Upper part of Cercado

Formation (late Miocene): NMB localities 15903,

15906, 15907 (Saunders et al, 1986, text-figs. 4, 6).

Rio Cana; lower part of Gurabo Formation (early

Pliocene): NMB locality 16817. Uppermost part of

Cercado Formation (late Miocene): NMB localities

16837, 16838 (Saunders et al, 1986, text-figs. 15, l6)-

Distribution.—Not known from outside the Domin-

ican Republic.

Subgenus BOWDENIA Dall, 1903

Bowdenia Dall, 1903, p. 1504.

Type species {by original designation and mono-

typy).—Cuspidaria {Bowdenia) distira Dall. Bowden,

Jamaica. Bowdcn Formation (Pliocene).

Diagnosis.ShcU small (around 3 mm in length)*

rostrate. Umbos prosogyrate, almost centrally placed

Sculpture of fine, more or less well developed radia

ribs. Rostrum well set off from main shell disc by ^
more prominent radial rib. Ventral margin of maH^

shell disc evenly rounded. Hinge of left valve consist

d

2 3
T
4 5

height in mm

Text-figure 8.—Length/height diagram of Cardiomya (Cardi-

omyd) islahispanlolae (Maury, 1917).

14. 5 spec, NMB locality 15903: Rio Gurabo; upper

part of Cercado Formation (late Miocene). ._,.._ ._ j^. ^^

15. 1 spec, NMB locality 15906: Rio Gurabo; upper- distira Dall, is the only species assigned to this su
'

ing of an inconspicuous posterior lateral tooth situate

just behind a cavity to receive the posterior cardin^

tooth of the right valve, which in turn is situated bC'

hind the subumbonal chondrophore. Hinge of ngl^

valve consisting of a subumbonal chondrophore,

weakly developed anterior cardinal tooth, and a p^^'

inent posterior cardinal tooth. Postero-dorsal margin ^

left valve somewhat thickened to fit the groove of ^^

postero-dorsal margin of the right valve.

Remarks.^So far the type species of Bowdenia, ^

most part of Cercado Formation (late Miocene).

16. 3 spec, NMB locality 15907: Rio Gurabo; upper-

most part of Cercado Formation (late Miocene).

17. 2 spec, NMB locality 16817: Rio Cana, Canada

de Zamba; lower part of Gurabo Formation (early

Pliocene).

18. 12 spec, NMB locality 16837: Rio Cana; upper-

most part of Cercado Formation (late Miocene).

19. 1 spec, NMB locality 16838: Rfo Cana; upper-

most part of Cercado Formation (late Miocene).

20. 10 spec, TU locality 1294 (- NMB locahty

18556): Rfo Mao, Bluff 3 of Maury; Cercado For-

mation (late Miocene).

Measurements.—Plotted in Text-figure 8.

Occurrence,—This species is recorded from the fol-

lowing areas: Rfo Mao: Cercado Formation (late Mio-

genus. Bowdenia is therefore known only from ^

Pliocene Bowden Formation of Bowden, Jamaica, ^^"^

the late Miocene part of the Gurabo Formation, P^

minican Republic (see below).

Cardiomya (Bowdenia) distira (Dall, 1903)

Plate 3, figures 1-5; Plate 4, figures 1-5;

Text-figure 9

Cuspldaria {Bowdenia) distira Dall, 1903, p. 1506, pi. 57, fig-

Woodring, 1925, p. 91, pi. 11, figs. 1-5.

i6;

Description.—^^h^W small (around 3 mm in Icng^
^J

dcHeate, rostrate. Umbos prosogyrate, placed ali^i^'^

centrally. Sculpture consisting of fine radial ii

^^

which may be fairly well developed, but sometiH^,^

hardly recognizable. Rostrum well set off from "^^^^

shell disc by a more prominent radial rib. The coO^
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P^ft of the rostrum of the left valve sometimes ear-
rying a few fine radial riblets, but corresponding area
^f right valve does not. Concave part of rostrum ad-
joining postero-dorsal margin carrying three or four
'^Ds. Ventral margin of main shell disc evenly rounded.
Growth lines usually more clearly developed on right
^alve. Hinge of left valve consisting of an inconspic-
uous posterior lateral tooth behind a cavity to receive
[he posterior cardinal tooth of right valve. This cavity

j^
situated behind the subumbonal chondrophore.

^^nge of right valve consisting of a subuml^onal chon-
*^rophore, a weakly developed anterior cardinal tooth,
and a prominent posterior cardinal tooth. Postero-dor-
^al margin of left valve somewhat thickened to fit

groove of postero-dorsal margin of right valve.

.

Lectotype {selected herein).—\5SNM 135692. This
^s the specimen figured by Dall (1903, pi. 57, fig. 16)
^i^d Woodring (1925, pi. 11, fig. 1), a left valve.

dimensions of lectotype.—Length 3.3 mm; height
2.5 mm.

Type locality.—Bowden, Jamaica. Bowden Forma-
hon (early Pliocene).

^<^ralectotype.~\JSnM 482411. This is the speci-
j^^n figured by Woodrmg (1925, pi. 11, figs. 2, 3), a
^^ft valve.

^mensions of paralectotype USNM 482411.—
^^"gth 3.1 mm; height 2.3 mm.
^^ralectotype.—USNM 482412. This is the speci-

^^n figured by Woodring (1925, pi. 11, figs. 4, 5), a
^'Shi valve.

^^fnensions of paralectotype USNM 482412.—
^^gth 3.0 mm; height 2.0 mm.

^^einarks.—The type lot of this species consists of
lectotype and the two paralectotypes. All three

P^cimcns are glued to a piece of black paper. Origi-

^ y I intended to remove the specimens from the

^

^k paper in order to refigure the exterior of the lec-
ype and to figuic its interior. Various chemicals have
" Used in an attempt to dissolve the ghic but with-

L

Success. The lectotype is therefore not refigured.
^^ead several topotypes are figured (PI. 3, fig. 5; Pi.

4
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Text-figure 9.—Length/height diagram of Cardlomyo {Bowdenia)

distira (Dull, 1903).

1. 3 spec, USNM 135692 (lectotype) and two para-

lectotypes (USNM 482411, 482412). Bowden, Ja-

maica, Bowden Formation (early Pliocene).

2. 1 spec, NMB locality 15846: Rio Gurabo, Domin-
ican Republic Latest Miocene part of Gurabo For-

mation (PI. 3, figs. 1-4).

3. 5 spec, TU locahty 1227A (- NMB locality

18582): Arroyo Zalaya, Dominican Republic; Glo-

horotalia margaritae zone (early Pliocene).

4. 1 spec, TU locality 1352 (- NMB locality 18584):

Rio Gurabo, Dominican Republic; middle Pliocene

part of Mao Formation.

5. 1 spec, TU locality 1403 {= NMB locality 18586):

Arroyo Babosico near Rio Yaque del Norte at La
Barranca; upper part of Globorotalia margaritae

zone (kite early Pliocene).

6. 33 spec, NMB locality 10635: Bowden, Jamaica.

Bowden Formation (early Pliocene).

7. 1 spec, NMB locality 11146: Bowden, Jamaica.

Bowden Formation (eaily Pliocene).

^^=^-

figs. l_5).

The Domiuican Ncogene has yielded elghl sped-
^-

I '"^J-
^^^ locality 17617: Bowden, Jamaica.

^^
^s of this species. As hinted at in the above de-
Pliou there is some variability in the development

^
^^ ladial ribs. They may be stronger or weaker.
^times they are evenly developed over the entire

^
n shell disc, sometimes they are restricted to the

^^ral part of the main shell disc

is
.^'^^^^^^^^<^^^^'—As Cardioniya (Bowdenia) distira

^ only species of the subgenus known no com-
^^^ly can be made.

Paris

J^^terial.—Eight lots with a total of 47 specimens
^^^ted below:

Bowden Formation (early Pliocene).

Measurements.—Plotted in Text-figure 9.

Occurrence.—Rio Gurabo section: latest Miocene
part of Gurabo Formation: NMB locality 15846 (Saun-

ders et al, 1986, text-figs. 4, 6); middle Pliocene part

of Mao Formation: TU locality 1352. Globorotalia

margaritae zone (early Pliocene) of An'oyo Zalaya

(TU locality 1227A) and Arroyo Babosico (TU local-

ity 1403).

Distribution. Bowden Formation (early Pliocene)

of Bowden, Jamaica. Latest Miocene part of Gurabo

I- -•*- 'i-^XiiVT'" i>HK^jJ' '-i' "^rA^j-^D rKi"-t -_ -V-—_" I* l"Iv A\jt .-^-\'r"^^y--' ^11^ _-_ iiit"j "^^iiiL>-»---.r^ I V J-. •- A ^l _- 1^ _v^ ••-•.- -ij^--"-- j^_n 'J^H-
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Formation; Glohorotalia margaritae zone (early Plio-

cene); middle Pliocene part of Mao Formation, north-

ern Dominican Republic.

Genus PLECTODON Carpenter, 1 864

Plectodon Carpenter, 1864, pp. 611, 638.

Type species {by original designation and mono-

typy).—Plectodon scaber Carpenter, 1864, pp. 611,

638. Recent, Catalina Island, California, to Santa Inez

Bay, east coast of Baja California, Mexico (Palmer,

1958, p. 80). Throughout the Gulf of California and

south to Panama and the Galapagos Islands, Ecuador,

in 20 to 250 m (Keen, 1971, p. 302).

Diagnosis.-^-ShQW of medium to large size (up to 24
ch'ost^n as the lectotypc is the left valve figured by DaU

lines are more clearly developed. Resilium located be-

hind the umbo and somewhat toward the interior of

the shell. Dorsal margin of the left valve twisted just

in front of the umbo, forming a small, toothlike pro-

jection. No lateral teeth in left valve. Right hinge with

an anterior and a posterior lateral tooth.

Lectotype {selected herein),—USNM 63193 (PI. 2,

figs. 9, 10).

Dimensions of lectotype.—Length 11.3 mm; height

6.7 mm.
Type locality,—Off Sombrero Island, Leeward Is-

lands, Lesser Antilles, in 132 m (72 fathoms).

Remarks.—Loi USNM 63193 contains three speci-

mens, the syntypes of P. granulatus. The spccimeit

mm in length), rostrate, moderately delicate. Antero
(1886, pi. 3, fig. 8). One of the paralectotypes is a right

ventral margin evenly rounded. Exterior surface of
^^,^^^ ^^^ ^^^^^ paralectotype is also a left valve lik^

shell covered by pustules. Resilium situated posterior
the lectotype, but is considerably smaller. The two

to the umbo. Dorsal margin of left valve twisted just
paralectotypes are USNM 887025 (ex USNM 63193)

anterior to the umbo forming a small, toothlike pro- ^^^ Dominican Neogcne so far has yielded a single

jection. No lateral teeth in left valve. Right hinge with '

specimen of this species, a right valve. It is not quite

an anterior and a posterior lateral tooth.
complete: its postero-dorsal margin is somewhat dam-

Remarks.—The holotype of P. scaber (USNM
aged (PI. 5, fig. 1). Unfortunately this unique specimen

592441) unfortunately is broken into several fragments
^^^ ^^^^ ^^^^^^ ^^^-^^g handling for scanning electron

(see also Palmer, 1958, p. 80). Originally it was
microscopy (PI. 5, hg. 3). Olsson and Harbison (1953

mounted on a piece of glass. The fragmentation prob-

ably happened when the specimen was removed from

the glass. Other material of P. scaber is figured here

(PL 2, figs. 5-8) for comparison with P. granulatus.

The stratigraphic range of the genus Plectodon is

given as Pliocene to Recent (Dall, 1903, p. 1507). The

single right valve from the Dominican Rcpubhc de-

scribed below has been collected from sediments of

late Miocene age, and the single valve from the middle

Miocene Shoal River Formation of Florida reported by

Gardner (1926, p. 64) as Cuspidarla (Plectodon) cf.

granulata Dall extend the range of Plectodon from

middle Miocene to Recent.

Plectodon granulatus (Dall, 1881)

Plate 2, figures 9, 10; Plate 5, figures 1-4; Plate 6,

figures 1-4; Plate 7, figures 1-4; Text-figure 10

Neaera granulata Dall, 1881, p. 111.

Leiomya {Plectodon) granulata Dall. Dall, 1886, p. 300, pi. 3, fig.

8; Dall, 1889, p. 66, pi. 3, fig. 8.

Cuspidaria {Plectodon) granulata Dall. Dall, 1903, p. 1507.

? Cuspidaria {Plectodon) cf. granulata Dall. Gardner, 1926, p. 64.

Cuspidaria {Plectodon) scahrata Olsson and Harbison, 1953, p. 67,

pi. l,fig. 2.

Plectodon granulatus (Dall, 1881). Knudsen, 1982, p. 136.

Description.—Shell of medium size (up to 18 mm
in length), rostrate, moderately deUcate. Antcro-ventral

margin evenly rounded. Umbos prosogyrate. Exterior

surfaee of shell covered by pustules. In the umhonal
area there are fewer or no pustules; instead the growth

p, 67) state that their P. scabratus from the Pliocene

of Fort Thompson, Florida, is less "narrow" than R^'

cent specimens of P. granulatus. It is not clear, hoW

ever, what is meant by "narrow". It probably refers to

the ratio of height to lengtii. In that respect there i^

some variability in P. granulatus. Two Recent spe^^'

mens of P. granulatus are figured here for compaHso

(PL 6, figs. 1-4; PI. 7, figs. 1-4).

Comparisons.—The only other species of Plectodo

is the Recent Eastern Pacific P. scaber Carpei^^e

(1864, pp. 611, 638) (for figures see Schenck, \9^^'

pi. 67, figs. 1-4; Palmer, 1958, pi. 6, figs. 6-8; Ke^i^'

1971, p. 302, fig. 786; and PL 2, figs. 5-8). The mai^^

differences between the two species is size. P. scai^

is considerably larger; it actually may be twice as la'

6

as P. granulatus.

Material.—TweWc lots with a total of 22 specinT^^

as listed below:

1. 1 spec, NMB locality 16857: Rio Cana, ^^^^^^

ican Republic; Cercado Formation (late Miocen

2. 1 spec, USNM 63193: lectotype. Recent; So^'
12

3.
eitt'

brero Island, Leeward Islands, Lesser Antilles

fms.; Blake Coll.

2 spec., USNM 887025: paralectotypes. R^^^J
Sombrero Island, Leeward Islands, Lesser A^

lOO
Ics, 72 fms.; Blake Coll.

4. 1 spec, USNM 63194: Recent; Barbados,

fms.
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6

7

5. 6 spec, USNM 94214: Recent; Station 2648: off

Cape Florida, 84 fms., sand.

3 spec, USNM 667843: Recent; Station 1306:

Campeche Bank off Yucatan, Mexico (22°10'N,

9r40'W), 42 fms., sand.

1 spec, USNM 667668: Recent; Station 470:

Campeche Bank off Yucatan, Mexico (22''30'N,

90°15'W), 46 fms., sand.

8- 1 spec, USNM 157815: Recent; Station 2404: be-

tween Mississippi Delta and Cedar Keys, Gulf of

Mexico; 60 fms., sand.

9. 1 spec, USNM 64003: Recent; Station 2646: off

Cape Florida; 85 fms.
^0- 3 spec, USNM 97157: Recent; Station 2646: 5

miles off Cape Florida, Gulf of Mexico; 85 fms.,

sand.

^1- 1 spec, USNM 157986: Recent; Station 2646: Re-
cent; off Cape Florida, Gulf of Mexico; 85 fms.,

sand.

^2- 1 spec, USNM 667737: Recent; Station 1241:

Campeche Bank off Yucatan, Mexico (20°]5'N,

92"10'W), 32 fms., sand.

Measurements.—Plotted in Text4igure 10.

J^epth range,—Prom 37 to 274 m (Knudsen, 1982,
p. 137).

Occurrence.—Cercado Formation (late Miocene) of
^^^ Cana section: NMB locality 16857 (Saunders et
'^^•' 1986, text-figs. 15, 16).

^istrihution.—Shoal River Formation (middle Mio~
^^^), Florida? Cercado Formation (late Miocene),
^rthcrn Dominican Repubhc Phocene, Florida. Re-

^^^ southern Florida and Gulf oi' Mexico throughout
*e West Indies.

^ali

d

I'amily VERTICORDIIDAE Stoliczka, 1871

Genus HALIRIS Dall, 1886

'^'^Dall, 1886, p. 287.

.

ype species {by original designation).—Vertieor-

^"^ fischeriana Dall, 1881. Recent, Gulf of Mexico.
orth Carolina to Gulf of Mexico to Barbados (Ab-

^^^\ 1974, p. 563).

^^gnosis.—Shell small (up to 7 mm in length),

*^se. Umbos strongly prosogyrate. Lunule some-

^
^t depressed. Ventral margin evenly rounded or

'^what angulaled near its middle. Entire surface

ptured by numerous radial ribs. No secondary ra-

.
^ibs. Surface granulated. Interior sin-facc nacreous,

entral margin fluted. Hinge of left valve consisting

ann^
*^^^ recognizable, subumbonal cardinal tooth

te
•

'^"^y in fully adult shells) an inconspicuous pos-

.

^Y lateral tooth. Hinge of right valve with a prom-

. ^' '^tibumbonal cardinal tooth and a posterior lateral

14-
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Text-figure 10.—Lengtli/hcight diagram of PlectoJon granulatus

{Dall, 1881).

Remarks.—Numerous Recent specimens of the type

species, //. fischeriana, are available. Some of them
are figured (PL 8, figs. 1-6) for comparison with //.

jantaicensis. The stratigraphic range of the genus is

Eocene to Recent.

Haliris jamalcensis (Dall, 1903)

Plate 9, figures 1-6; Plalc 10, figures 1-4

Verticordia (Haliris) Janiaiccnsis Dull, 1903, p. 1511; Woodriiig,

1925, p. 93, pi. 11, ligs. 9-11.

Description.—Shell small (up to less than 5 mm in

length), globose Umbos strongly prosogyrate. Lunule

depressed. Ventral margin slightly angulated near its

middle. Surface sculptured by 23 to 26 radial ribs; in-

terspaces narrower on anterior part of shell. Whole sur-

face granulated. Inner surface nacreous, its ventral

margin fluted. Hinge of left valve consisting of a hard-

ly recognizable, subumbonal cardinal tooth and (only

in fully adult shells) an inconspicuous, posterior lateral
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tooth. Hinge of right valve with a prominent, subum-

bonal cardinal tooth and a posterior lateral tooth.

Lectotype {selected herein).—USNM 135686. This

is the specimen figured by Woodring (1925, pi. 1 1, fig.

10), a right valve.

Dimensions of lectotype.—Length 4.5 mm; height

4.7 mm.
Type locality.—Bowden, Jamaica. Bowden Forma-

tion (early Pliocene).

Paralectotype.—AJS^M 482413. This is the speci-

men figured by Woodring (1925, pi. 11, fig. 9), a right

valve.

Dimensions of paralectotype USNM 482413.—
Length 3.8 mm; height 3.8 mm.

4-
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Paralectotype.—USNM 482414. This is the speci-

men figured by Woodring (1925, pi. 11, fig. 11), a left

valve.

Dimensions of paralectotype USNM 4824] 4.

Length 3.3 mm; height 3.1 mm.
Remarks.—The lectotype of H. jamaicensis is the

largest of the 10 available specimens. Its height is

greater than its length. In all the other specimens the

length is greater (or the same as) than the height.

The type material of this species consists of the lec-

totype and the two paralectotypes mentioned above.

All three specimens are glued to a piece of black paper.

As explained under Cardiomya (Bowdenia) distira it

has not been possible to remove the specimens from

the black paper. Therefore the lectotype is not rcfigu-

red here.

Woodring (1925, p. 93) mentioned a fragment from

the early Pliocene Bowden Formation of Jamaica that

is almost three times as large as the specimens listed

below under '^Material". More specimens from Bow-
den would be needed in order to be able to identify

the fragment mentioned above.

Comparisons.—H. jamaicensis is obviously closely

related to the living H. fischeriana (Dall) (1881, p.

106), the type species of the genus. H. fischeriana is

larger than H. Jamaicensis and has more radial ribs. In

addition the ventral margin is evenly rounded in //.

fischeriana but somewhat angulated in H. jamaicensis.

Material.—Four lots with a total of only ten speci-

mens as listed below:

1. 2 spec, NMB locality 15832: Rio Gurabo, Domin-
ican Republic; middle Phocene part of Mao For-

mation.

2. 1 spec, TU locality 1227A (= NMB locality

18582): Arroyo Zalaya, Dominican Repubhc; Glo-
borotalia margaritae zone (early Pliocene).

3. 4 spec, NMB locality 10635: Bowden, Jamaica;
Bowden Formation (early Pliocene).

4. 3 spec, USNM 135686 (lectotype) and two para- of left valve.

1
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Text-figure II.—Length/height diagram of Haliris jamaicensis

(Dall, 1903).

Icctotypes (USNM 482413, 482414). Bowden, Ja-

maica; Bowden Formation (early Pliocene).

Measurements.—Plotted in Text- figure 1 1.

Occurrence.—Globorotalia margaritae zone (early

Pliocene) of Arroyo Zalaya: TU locality 1227A '^^^^

middle Pliocene part of Mao Formation of Rio Gurabo

section: NMB locality 15832 (Saunders et aL, 19^6,

text-figs. 4, 6).

Distribution.—Bowden Formation (early Pliocene;

of Bowden, Jamaica. Early Pliocene GloborotaU

margaritae zone and middle Pliocene part of Mao Fof'

mation, Dominican Republic

Genus TRIGONULINA d'Orbigny, 1842

Trigonulina d'Orbigny, 1842 (see also d'Orbigny, 1845?, p.
327)-

Type species (by monotypy).—Trigonulina ornd

d'Orbigny, 1842 (see also d'Orbigny, 18457, p.
327)-

Recent, Massachusetts to Florida and the West Indi^ '

Bermuda, Brasil (Abbott, 1974, p. 563).

Diagnosis.—Shell small (up to almost 6 inf^

length), oval. Umbos low, strongly prosogyrate. ^

nule deeply depressed. Sculpture consisting of f^

widely spaced, high, and narrow radial ribs projecti

beyond ventral margin. On the posterior slope thci^

a large area without radial ribs. Interior surface n^^

ous, its ventral margin fluted. Ligament internal-

teeth in left valve. Right valve with a strong, pi*^J^

ing, subumbonal, cardinal tooth and a groove alo

postcro-dorsal margin to receive postcro-dorsal in^^S

ill

t
f
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Remarks.—The Spanish edition of Ramon de la Sa-

g'a's Hlstoria fisica, politica y natural de la Isla de
^^ba, volume 5 (molluscs) of the second part (natural

history), is dated 1845. On page 327, where Trlgon-
^lina and its type species, T. ornala, are described, the

date is given as 1846. According to Aguayo (1943, p.

^8) pubUcation of this edition appears to have started
'ri 1844 already and was probably completed only in
J 853. Aguayo is quoting the Spanish edition as of

^845?, to which the present author is adding [1844-

1^53?] m the ''References Cited". Dall (1889, p. 18)
•^id not have access to the Spanish edition.

Both Dall (1889, p. 18) and Aguayo (1943, p. 38)
Commented on the dates of publication of the French
edition. Both authors state that the atlas was published
^^ 1842. The figures of T. ornata given in this atlas

vpl. 27, figs. 30 33) are an indication as defined in

^^"ticle 12b(7) of the International Code of Zoological

Nomenclature (third edition, 1985).

Trigonulina is here used as a full genus, whereas
^t>bott (1974, p. 563) and Woodring (1925, p. 92)
^^aied it as a subgenus of Verticordia J. Sowerby
(1812-1846, p. 68, pi. 639, 1844 [for date of publi-
cation of plate 639 see Renevier, 1855, and Sykes,

1^^06J. On the other hand Keen (1971, p. 302) consid-
red TrlgonuUna as a synonym of the subgenus Ver-
^^ordia s.s. The type species of Verticordia is V. car-

"l^fonnis J. Sowerby (1812-1846, p. 68, pi. 639, 1844)
^*^ni the Pliocene of England. The original figure
Slows that the 13 radial ribs are evenly distributed

^^r the entire shell disc. In Trigonulina, however,
^I'e is a space without radial ribs on the postero-

^^'•sal slope.

^' ornata d'Orbigny, the type species of Trigonuli-

^' 1^ not only reported from Western Atlantic waters,

ts also said to occur in the Eastern Pacific (Keen,
'

'' p. 302). Having looked at a number of lots from
th oceans I come to the conclusion that they are

stinct and that the species from the Eastern Pacific

.

c^^fore needs a name. For this reason these two liv-

Verlicordia (TrigonuUna) ornata (Orbigny, 1842). Abbott, 1974, p.

563, fig. 6158.

Verticordia ornala (Orbigny, 1846). Knudscn, 1982, p. 128 (part).

For additional citations see this publication.

Verticordia ornata (Orbigny, 1842). Rios, 1985, p. 282, pi. 99, fig.

1390 (pai-t).

Description.—Shell small (up to 5 mm in length),

oval. Umbos low, strongly prosogyratc. Lunulc deeply

impressed in both valves, but more so in left valve.

Sculpture consisting of eight to twelve high, narrow,

radial ribs anterior to the unsculptured posterior slope

projecting beyond the ventral margin. Surface of per-

fectly preserved valves covered by minute pustules

forming rows parallel to the ribs. Interior surface na-

creous, its ventral margin (luted. No teeth in left valve.

Right valve with a strong, subumbonal, cardinal tooth

and a groove along postero-dorsal margin to receive

postero-dorsal margin of left valve.

Holotype.—BMNH Cat. no. 493; Reg. no.

1854.10.4.557, a left valve.

Dimensions of holotype.—Length 2.6 mm; height

2.3 mm.
Type locality.

—"Jamaica" (from sand). This is the

only information given with the original description.

Remarks.—The holotype of T. ornata is at hand. Its

ventral margin is somewhat damaged. It is a left valve.

It is the specimen figured in an idealized way and in

mirror image by d'Orbigny (1842, pi. 27, figs. 30, 31).

His Figure 31 shows the interior of the valve with a

hinge without teeth, a hinge typical for left valves. The

holotype is one of the rare cases of a specimen having

only eight radial ribs in front of the posterior slope.

Due to its imperfect preservation it is not refigured

here.

As Usted under ''Material", six lots with 1049 spec-

imens have been used for the description given above.

Out of these 1049 specimens 190 valves have been

measured (Text-fig. 12) and their ribs in front of the

unsculptured posterior slope counted (Text-fig. 13). As
indicated in the description Uie range of the number

^"§ species are briefly discussed and compared below. ^^ ^'^^^ i^ ^^8^^^ ^^ twelve. However, the extremes are

T'lie stratigraphic range of rniw;///ma is Eocene to
^'^^^^ (Text-fig. 13); there arc only three valves with

R^ceiu.

TrigonuUna ornata d' Orbigny, 1842
^late 11, figures 1-4; Plate 12, figures 1-4; Text-

figures 12, 13

r
"'^^onullna ornata d'Orbigny, 1842, pi. 27, figs. 30-33; 1845?, p.
-^27.

'^"-'ordia caelata Vcrrill, 1882, p. 566; 1884, p. 278, pi. 30, figs.

'^ordia {TrigonuUna) ornala D'Orbigiiy. Dall, 1886, p. 290
'^'^^""0. Dall and Simpson, 1 90 1 , p. 498 (part). (For further citations
'''^

1^^11,1886.)

eight ribs, eight valves with nine ribs, and twelve

valves with twelve ribs. In other words one should

really describe T. ornata as having ten or eleven ribs.

The original description of Verticordia caelata Ver-

rill was based on a single right valve with eleven ribs.

Comparisons.—Compaiative remai'ks are given be-

low under T. pacifica and T. bowdcnensis.

Maferial.—Six lots with a total of 1049 specimens

as listed below (quoted from specimen labels):

1. 439 spec, USNM 444664: Eofis Station 368: off

Ajax Reef, Florida; 80-100 fms.
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Text-figure 12.—Length/height diagram of TrigonuUna ornata

d'Orbigny, 1842.
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2. 54 spec, USNM 444479: Eolis Station 178: off

Fowey Light, Florida; 68 fms.

3. 3 spec, USNM 63214: off Hatteras; 15-124 fms.

4. 172 spec, USNM 444514: Eolis Station 311; off

Govt, cut, Miami, Florida; 75 fms.

5. 337 spec, USNM 444665: Eolis Station 370: off

Ajax Reef, Florida; 70-90 fms.

6. 44 spec, USNM 444653: Eolis Station 363: off

Fowey Light, Florida; 85 fms.

Measurements.—Plotted in Text-figure 12.

Text-figure 13.—Histogram showing rib number distribution ^

TrigonuUna ornata d'Orbigny, 1842.

f

Description.—Shell small (up to ahnost 6 mm ^^

length), oval. Umbos low, strongly prosogyrate. Lu-

nule deeply impressed in both valves, but more so i^

left valve. Sculpture consisting of six to 12 high, nar-

row radial ribs anterior to the unsculpturcd postcrio

slope projecting beyond the ventral margin. Surface o

perfectly preserved valves covered by minute, ^^

closely spaced pustules forming rows parallel to ^^^

Depth range.—From 5 to 850 m (Knudsen, 1982, nbs. Interior surface nacreous, its ventral margin fl^^

p. 128) and 15 to 1256 m (Hertlein and Grant, 1972, ed. No teeth in left valve. Right valve with a strong'

P- 344). subumbonal, cardinal tooth and a groove along P^^'

Distribution.—Massachusetts to Florida and the tero-dorsal margin to receive the postero dorsal margin

West Indies, Bermuda, Brazil (Abbott, 1974, p. 563)

or from about 42°N to about 30"42'S (Knudsen, 1982,

p. 128). So far T. ornata has not been reported as a

fossil.

TrigonuUna pacifica, new species

Plate 2, figures 11, 12; Plate 13, figures 1-4;

Plate 14, figures 1-4; Text-figures 14, 15

Venicordia ornata (d'Orbigny). Grant and Gale, 1931, p. 266, pi.

13, fig. 4 (part).

Venicordia (Verticordia) ornata (Orbigny, 1846). Keen, 1971, p.

302, fig. 789 (part).

Verticordia (TrigonuUna) ornata d'Orbigny, TIcrtlcin and Grant,

1972, p. 344, pi. 43, figs. 23, 26, 27, 31.

of left valve.

Hololype.—hACM 2718 (PI. 2, figs. 11, 12).

Dimensions of holotype.

4.2 mm.
—Length 4.8 mm; height

Type locality.—(quoted from specimen lab^^

LACM 65-6-22: 0.4-0.7 miles 110 to 132 degrees^

from Ship Rock, Santa Catalina Island, Califof*^^

Channel Islands, California (33°27'N, 118°30'W>

Depth: 82 m.

Remarks.—The basis for the above description c^

sists of the 23 lots with 1840 specimens fisted und^

"Materiar\ A total of 320 specimens have been ni^^^

sured (Text-fig. 14) and their ribs in front of the ribl^^
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height in mm
iexMigure 14.^Length/licight diagram of Trigonulina pacifica,

'^^^ species.

Posterior slope counted (Text-fig. 15). The range of the

J^mber of ribs as given in the description is six to 12.

again—as in T, ornata—the extremes are rare:

^re arc only 16 valves with six ribs, 17 valves with

_

^ibs, six valves with 1 1 ribs, and a single valve
^^^ 12 ribs. It is therefore appropriate to say that the

fc^eat majority of the valves has seven to nine ribs.

A he ribs of T. pacifica as a rule are high and narrow.

sometimes there are exceptions with lower and
Somewhat broader ribs.

. ^^^nparisons.—T. pacifica reaches larger dimen-
^^ons than the Recent West Indian T. ornata d^Orbigny

has fewer radial ribs. In addition the general out-

^ of the shell is more rounded or oval in T. ornata,

^he area withoul ribs on ihe posterior slope of T.

^
'^ifa IS wider than that of T. pacifica. T. pacifica is

^^i^siderably larger than T. bowdenensis Dall from the

, ^ f^hoccnc Bowden Formation of Jamaica but has
^•^t the same number of radial ribs.

'^'^ microsculpturc of T. ornata and T. pacifica are
^rly different. In both species the microsculpturc
^ists of rounded pustules, which are aligned in

^^ parallel to the ribs; but in T. ornata they are

p.^^^h more closely spaced (PI. 12, Figs. 2, 4; PI. 14,

^^' 2, 4). In T. bowdenensis on the other hand the

160-

140-

120

100-

w

number of ribs

Text-figure 15.—Histogram showing rib number distribution of

Trigonulina pacifica, new speeies.

pustules are more closely spaced than in T, pacifica

but not as closely as in T. ornata (PL 18, Figs. 2, 4).

However, the pustules of T. bowdenensis have a dif-

ferent shape; they are not rounded but pointed (PL 16,

Figs. 3, 5).

The diagnostic features of the three species of Tri-

gonulina discussed above arc tabulated in Table 3.

Ahhoiigh there are clear differences in the micro-

_ _ ^ ^^_ _ ^ ^___^ ^j^i _ _^x '^^jTv^^i^mju^wj^^ivA^ ^ ^^ J 11^ U -^ ^~JJi -YV> T.-rJ^V^^rTn.n^..^^..J, ,. ^ A^ _ r _- --Jr i\l
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Table 3.—Diagnostic features of the three species of Tngonulina dealt with herein. Numbers of measured specimens: T. ornata: 190; '

pacifica: 320; T. howdenensis: 79.

maximum maximum
length height

mean
ratio

length/

height

ribless

area on
posterior

slope

T. ornata

T. pacifica

T. howdenensis

5.0

5.8

4.0

4.9

5.2

3.5

L13

L09
L16

wide

narrower

wide

sculpture of these species, considerably more numer-

ous, well preserved specimens should be looked at in

the scanning electron microscope in order to determine

the range of variability of the microsculpturc.

Material.—23 lots with a total of 1840 specimens

as listed below (lots arranged from north to south)

(quoted from specimen labels):

1. 3 spec, paratypes. LACM 63-50.12: 60 m, Hump-
back Rock, off Hopkins Marine Station, Pacific

Grove, Monterey Bay, California (36°38'N,

121°54'W). Leg. J.H. McLean, RA^ Tage, 26 Nu-

vember 1963.

2. 3 spec, paratypes. LACM 41-80.19: 99-102 m,

mud, sand and shell, 1.5 mi NW of Cavern Pt.,

Santa Cruz Id., California Channel Ids., Cahfornia

(34°04'N, 119°34.4'W). Leg. R/V Velero III (AHF
1300-41), 12 April 1941. Ex AHF.

3. 2 spec, paratypes. LACM 40-164.20: 27-91 m,

sand and gravel, Anacapa Passage, W of Anacapa

Id., California Channel Ids., California

(33^59.0'N, 119"32.1'W). Leg. R/V Velero III

(AHF 1190-40), 30 October 1940. Ex AHF
4. 1 spec, paratype. LACM 41-74.19: 62-75 m, sand

and shell, 0.5 mi S of Gull Id., Santa Cruz Id.,

California Channel Ids., California (33^56.5 'N,

119°49.6'W). Leg. R/V Velero III (AHF 1294-41),

1 1 April 1 94 1 . Ex AHF
5. 8 spec, holotype and 7 paratypes. LACM 65-6.22:

82 m, 0.4-0.7 mi ] 10 to 132 degrees T from Ship

Rock, Santa Catalina Id., California Channel Ids.,

California (33°27'N, 118°30'W). Leg. R. Reimer
et al., R/V Velero IV, 13 February 1965. Ex AHF

6. 4 spec, paratypes. LACM 41-25.17: 75 m, shell,

mud and gray sand, 4 mi N of Islas Todos Santos,

Pacific Coast, Baja California, Mexico (3r53.3'N,
116°48.3'W). Leg. R/V Velero III (AHF 1245-41),

24 February 1941. Ex AHF
7. 12 spec, paratypes. LACM 75-93.17: 27 m, grav-

el and shell, W of Isla Smith, Bahfa de los An-
geles, Gulf of California, Mexico (29''04'N,
113°33'W). Leg. Gale Sphon, D.K. Mulliner, 10
October 1975.

8. 21 spec, paratypes. LACM 76-2.21: 18-22 m

range of
number

of ribs

most

frequent

number

of ribs

microsculpture

spacing of
pustules

form of

pustules

depth

range

(in m)

8-12

6-12

7-10

II

7

10

close

wide

not wide

rounded

rounded

pointed

5-1256

18-168

10.

15.

sand and gravel, W of Isla Smith, Bahia de los

Angeles, Gulf of California, Mexico (29''03.7'N,

113^31.0'W). Leg. Gale Sphon, D.K. MulHner,

10-16 May 1976.

9. 25 spec, paratypes. LACM 71-158.38: 31-37 m,

shelly sand, Kellett Channel, S of Isla Cedros, Fa-

cifiQ Coast, Baja California, Mexico (27''57.0'N,

115°08.5'W). Leg. J.H. McLean, RI. LaFollette,

R/V Searcher, 20 October 1971.

24 spec, paratypes. LACM 78-120.18: 43-55 ni'

sandy, off Isla Danzantc, Bahfa Escondido, Gull

of California, Baja California Sur, Mexico

(25°46'N, 1 1 ri5'W). Leg. D. Mulliner, G. Sphon,

6 November 1978.

11. 384 spec, paratypes. USNM 21 1469: off La Fa^'

Baja California, Mexico; 9V2~iO fms.

12. 623 spec, paratypes. USNM 21 1458: off La Pa2'

Baja Cahfornia, Mexico; 26'/2 fms.

13. 591 spec, paratypes. USNM 151959: near La Pa^'

off Baja California, Mexico; 9^2-10 fms.

14. 13 spec, paratypes. LACM 66-23.22: 27-37 m,

sand, off Punta Arena de la Ventana, Gulf of Ca -

ifornia, Baja California Sur, Mexico (24°04 \>^

109°49'W). Leg. J.H. McLean, R M. Oringer, L-

Marincovich, 8 April 1966.

6 spec, paratypes. LACM 66-22.40: 18-55 ni'

sand and shell, directly off anchorage at Bahia

los Muerlos, Gulf of Calitbrnia, Baja CaUfornia

Sur, Mexico (23°58'N, 109"46'W). Leg. J-H-
^^'

Lean et al., 8 April 1966.

16. 6 spec, paratypes. LACM 66-17.62: 18-37 i^'

sand, between Rancho El Tule and Rancho F--

milla, Gulf of California, Baja California
Sun

Mexico (22"58'N, 109°45'W). Leg. J.H. McLean.

P.M. Oringer, 5 April 1966.

17. 10 spec, paratypes. LACM 38-5.9: 37-73 m, ^^'

hfa Banderas, Jalisco, Mexico (20 40

105"25'W). Leg. G. Willett, 14 February 1938-

18. 31 spec, paratypes. LACM 34-2.20: 26-33 «t^'

sand, nulhpores, Bahia Braithwaitc, Isla ^^^^ ,J
Islas Revilla Gigedo, Mexico (18°42.-^ '

110°56.22'W). Leg. R/V Velero III (AHF 129-3 h

3 January 1934. Ex AHF
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^9. 8 spec, paratypes. LACM 38-9.11: 73-128 m, Ba-

hfa Guatulco, Oaxaca, Mexico. Leg. G. Willett, 7

March 1938.

^0. 11 spec, paratypes. LACM 72-13.26: 37 m, mud,
0.5 to 1.5 mi W Roca Vagares, Bahfa Juanillo,

Guanacaste Prov., Costa Rica (10°57.47'N,
85^45.3 'W). Leg. D. Cadien, PL LaFolIette, R/V
Searcher (Searcher 393), 14 February 1972.

^1- 27 spec, paratypes. LACM 72-54.45: 37 m, off

Bahfa Herradura, Puntaienas Prov., Costa Rica

(9°38.8'N, 84°40.8'W). Leg. J.H. McLean, W.
Bussing, R/V Searcher (Searcher 451, 457), 10

March 1972.

^2. 15 spec, paratypes. LACM 72-53.27: 2! m, sand,

anchorage in Bahfa Herradura, Puntarenas Prov.,

Costa Rica (9"37.97'N, 84°40.5'W). Leg. J.H. Mc-
Lean, R/V Searcher, 9 March 1972.

23. 12 spec, paratypes. LACM 72-57.33: 21 m, sand,

anchorage inside small islet 1.5 km S Punta Que-
pos, Puntarenas Prov., Costa Rica (9"22.72'N,

84°09.68'W). Leg. J.H. McLean, R/V Searcher, 11

March 1972.

Measurements.—Plotted in Text-figure 14.

^epth range.—From 18 to 168 m (Keen, 1971, p.
302).

distribution.—Phocene of San Diego, California

fHertlein and Grant, 1972, p. 344); Pleistocene of Cal-

ifornia (Grant and Gale, 1931, p. 266). Recent from
^atalina Island, California, through the Gulf of Cali-

*^rnia, south to Peru and the Galapagos Islands (Keen,
|^'7l, p. 302) or from about 34°N to 12^S (Knudsen,
^^^2, p. 128). The record from Monterey Bay (lot 1)

^^tends the distribution to the north to almost 37"N.

Trigonulina bowdenensis (Dall, 1903)
^'^^te 15, figures 1-4; Plate 16, figures 1-5; Plate 17,

figures 1-4; Plate 18, figures 1-4;

Text-figures 16, 17

V.
^^ticordia {Trigonulina) bowdenenxis Dall, 1903, p. 1512; WooU-
^^ng, 1925, p. 92, pi. 11, ligs. 6-8.
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Text-tigure 16.—Histogram showing rib number distribution of

Trigonulina bowdenensis (Dall, 1903).

Lectotype {selected herein).—USNM 135689. This

is the specimen figured by Woodring (1925, pi. 11, fig.

6), a left valve.

Dimensions of lectotype.—Length 3.1 mm; height

2.8 mm.
Type locality.—Bow'dcn, Jamaica. Bow^den Forma-

tion (early Pliocene).

Paralectotype.—USNM 482415. This is the speci-

men figured by Woodring (1925, pi. 11, fig. 7), a left

valve.

Dimensions of paralectotype USNM 482415.—
Length 2.7 mm; height 2.4 mm.

Paralectotype.—USNM 482416. This is the speci-

men figured by Woodring (1925, pi. 11, fig. 8), a right

valve.

Dimensions of paralectotype USNM 482416.—
Length 3.0 mm; height 2.5 mm.

Rc/iiarks.—The type material of this species consists

^^scription.—Shell small (up to 4 mm in length), of the lectotype and the two paralectotypes mentioned
^'il to rotund. Umbos low, strongly prosogyrate. Lu-
^^ more deeply impressed in left valve. Sculpture
risisting of seven to 10 high, narrow, radial ribs an-

^^^ to unsculptured posterior slope, which project

yt)nd ventral margin. Surface of perfectly preserved
V'll.

r ^ r
^*ves covered by minute, pointed pustules forming
^s parallel to ribs. Along postero-dorsal margin
^re are two closely spaced, narrow ribs. Interior sur-

^^ nacreous, its ventral margin fluted. No teeth in

Valve. Right valve with a strong, subumbonal, car-

''^ceive postero-dorsal margin of left valve.

tooth and a groove along postero-dorsal maigin

above. All three specimens are glued to a piece of

black paper. As explained under Cardiomya (Bowden-

ia) distira, it has not been possible to remove the spec-

imens from the black paper. The lectotype is therefore

not re figured here.

As hinted a! in the above description, there is some

variability as to the number of radial ribs. The large

majority of the specimens at hand has eight to 10 ra-

dial ribs. Only two valves out of the 90 available spec-

imens have only seven radial ribs (Text-fig. 16). One
is from Jamaica, the other from the Dominican Re-

public.
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Comparisons.—The Recent Caribbean T. ornata

d'Orbigny is larger than T. howdenensis and has more

radial ribs. The Recent Eastern Pacific T. pacifica has

about the same number of radial ribs as T, howdenen-

sis but reaches even larger dimensions than T, ornata

(see also "Comparisons" under T. pacifica).

Material.—32 lots with a total of 1 12 specimens as

listed below:

1. 1 spec, NMB locality 16802: Rio Mao; Cercado

Formation (late Miocene).

2. 2 spec, TU locahty 1293 (= NMB locahty

18583): Rfo Mao, Bluff 1 of Maury; late Miocene
3. 1 spec, NMB locality 15804: Rfo Gurabo; Gurabo

Formation (early Pliocene).

4. 1 spec, NMB locality 15823: Rio Gurabo; Mao
Formation (early Pliocene).

5. 2 spec, NMB locality 15828: Rfo Gurabo; Mao
Formation (early to middle Pliocene).

6. 5 spec, NMB locality 15829: Rfo Gurabo; Mao
Formation (middle Pliocene).

7. 12 spec, NMB locality 15846: Rfo Gurabo; Gur-

abo Formation (late Miocene).

8. 1 spec, NMB locality 15849: Rfo Gurabo; Gurabo

Formation (late Miocene).

9. 6 spec, NMB locality 15863: Rio Gurabo; Gurabo

Formation (late Miocene).

10. 1 spec, NMB locality 15864: Rfo Gurabo; Gurabo

Formation (late Miocene).

11.2 spec, NMB locality 15865: Rfo Gurabo; Gurabo

Formation (late Miocene).

12. 1 spec, NMB locality 15869: Rfo Gurabo; Gurabo

Formation (late Miocene).

13. 1 spec, NMB locality 15937: Rfo Gurabo; Gurabo

Formation (early Pliocene).

14. 1 spec, NMB locality 15945: Rfo Gurabo; Gurabo
Formation (late Miocene).

15. 1 spec, NMB locality 15962: Rfo Gurabo; Gurabo
Formation (early Pliocene).

16. 1 spec, NMB locality 16031: Rfo Gurabo; Mao
Formation (early Pliocene).

17. 2 spec, NMB locality 16034: Rfo Gurabo; Mao
Formation (early Pliocene).

18. 1 spec, TU locality 1210 (= NMB locality

18579): Rfo Gurabo; Gurabo Formation (early

Pliocene).

19. 2 spec, TU locality 1211 (- NMB locality

18580): Rfo Gurabo; latest Miocene part of Gur-

abo Formation.

20. 2 spec, TU locality 1215 (= NMB locality

18581): Rio Gurabo; Gurabo Formation (late Mio-
cene).
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Text-figure 17.—Lcngih/hcighi diagram of Trigonulina howd^

nensis (Dall, 1903).

23.

24.

22. 3 spec, NMB locality 16818: Rio Cana; Gurabo

Formation (early Pliocene).

4 spec, NMB locality 16824: Rfo Cana; Gurabo

Formation (early Pliocene).

1 spec, NMB locality 16828: Rfo Cana; Gurabo

Formation (late Miocene).

1 spec, NMB locality 16832: Rio Cana; Gurabo

Formation (late Miocene).

2 spec, NMB locality 16833: Rio Cana; Gurabo

Formation (late Miocene).

I spec, NMB locality 16961: Rio Cana; Gurabo

Formation (early Pliocene).

1 spec, NMB locality 17026: Rfo Cana; Cercado

25.

26

27

28

Formation (late Miocene).

29 NMB locality10 spec, TU locality 1354 (
=

1 8585): Rfo Cana, Canada de Zamba; Gurabo For-

30. locality

31.

32.

mation (early Pliocene).

5 spec, TU locality 1250 (= NMB
18558): Rfo Verde; Gurabo Formation (late Mio-

cene or early Pliocene).

29 spec, NMB locality 10635: Bowdcn, Janiaic^'

Bowden Formation (early Pliocene).

3 spec, USNM 135689 (lectoiype) and two p^^^^'

lectotypes (USNM 482415, 482416). Bowden, J^'

maica; Bowden Formation (early Pliocene).

Measurements.—Plotted in Text-figure 17.

Occurrence.—This species is recorded from th*^
fol-

lowing areas:

Rio Mao: Cercado Formation (late Miocene):
21. 6 spec, NMB locality 16817: Rfo Cana; Gurabo locality 16802, TU locality 1293 (Saunders ei

>v nM^
d-^

Formation (early Pliocene). 1986, text-fig. 29).
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Rfo Gurabo; late Miocene part of Gurabo Forma-
tion: NMB localities 15846, 15849, 15863, 15864,
15865, 15869, 15945 and TU localities 1211, 1215.
Early Pliocene part of Gurabo Formation: NMB lo- et al, 1986, text-figs. 15, 16).

tion: NMB localities 16828, 16832, 16833. Early Plio-

cene part of Gurabo Formation: NMB localities 16817,

16818, 16824, 16961, and TU locality 1354 (Saunders

calities 15804, 15937, 15962, and TU locality 1210. Rio Verde: Gurabo Formation: TU locality 1250
^ao Formation (early Pliocene and early to middle (Saunders et al, 1986, text-fig. 38).
f^liocene): NMB localities 15823, 15828, 15829,
16031, 16034. For location see Saunders et al, 1986,
lext-figs. 4-6).

Rio Cana; Cercado Formation (late Miocene): NMB
locality 17026. Late Miocene part of Gurabo Forma-

Distribiition.—Bowden Formation (early Pliocene)

of Bowden, Jamaica. Cercado Formation (late Mio-
cene), late Miocene and early Pliocene parts of Gurabo
Formation, and Mao Formation (early Pliocene and

early to middle Pliocene), Dominican Republic.
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Explanation of Plate i

0^

Figure

1-6

2,

4,

Page

Cardiomya (Cardiomya) islahispaniolae (Maury, 1917) 42

1. NMB G 14145. NMB locality 15907: Rio Gurabo, Dominican Republic; uppermost part of Cercado Formation (late Miocene).

Exterior of right valve. Length 9.3 mm; height 5.4 mm.
3. NMB G 14144. NMB locality 16923: Rio Mao, Arroyo Bajon, Dominican Republic; Cercado Formation (late Miocene).

Right valve. 2. Enlargement of hinge, X30. 3. Interior. Length 8.4 mm; height 5.2 mm.
5. NMB G 14146. NMB locality 15903: Rio Gurabo, Dominican Republic; upper part of Cercado Formation (late Miocene).

Left valve. 4. Interior. 5. Enlargement of hinge, X30. Length 8.7 mm; height 5.8 mm.
6. NMB G 14147. NMB locality 16929: Rio Mao, Dominican Republic; Cercado Formation (late Miocene). Exterior of left

valve. Length 7.6 mm; height 4.8 mm.
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Explanation of Plate 2

Pig^'"^ Page
1-4. Cardiomya {Cardiomya) islahispaniolae (Maury, 1917) 42

1, 2. Holotype of Cuspidaria omatior Pilsbry and Johnson, 1917. ANSP 2790. "Santo Domingo". Left valve. 1. Exterior; 2.

Interior. Length 5.0 mm; height 2.9 mm.
3, 4. Holotype of Cuspidaria gahbi Pilsbry and Johnson, 1917. ANSP 2791. "Santo Domingo". Left valve. 3. Exterior; 4.

Interior. Length 8.0 mm; height 5.3 mm.
5—8. Plectodon scaber Carpenter, 1864 45

5, 6. USNM 63943. Catalina Island, California; 16 fms., mud. Left valve. 5. Exterior; 6. Interior. Length 17.6 mm; height 9.9
mm.

7, 8. USNM 63943. Catahna Island, California; 16 fms., mud. Right valve. 7. Exterior; 8. Interior. Length 17.4 mm; height 9.2
mm.

9, 10. Plectodon granidatus (Dall, 1881) 45
Lectotype. USNM 63193. Off Sombrero Island, Leeward Islands, Lesser Antilles; 72 fms. Left valve. 9. Exterior; 10.

Interior. Length 11.3 mm; height 6.7 mm.
11, 12. TrigonuUna pacifica, new species 50

Holotype. LACM 2718. Locality LACM 65-6.22: 0.4-0.7 miles 110 to 132 degrees T From Ship Rock, Santa Catalina
Island, California Channel Islands, California (33"27'N, li8°30'W). Depth: 82 m. Right valve. 11. Exterior; 12. Interior.

Length 4.8 mm; height 4.2 mm.
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Explanation of Plate 3

Figure "

Page
1-5. Cardiomya (Bowdenia) distira (Dall, 1903) 44

1-4. NMB G 14139. NMB locality 15846 Rio Gurabo, Dominican Republic; latest Miocene part of Gurabo Formation. Incomplete

right valve. 1. Exterior; 2. Enlargement of sculpture, Xi20; 3. Interior; 4. Enlargement of hinge, X60. Length 2.7 mm; height

2.2 mm.
5. NMB G 14140. NMB locality 10635: Bowden, Jamaica; type locality of Bowden Formation (early Pliocene). Interior of right

valve. Length 3.2 mm; height 2.0 mm.

CO

r
r

m^ h-flff



^— ^^— -r

Bulletins of American Paleontology, Volume 110 Plate 3

(N

,. ^ m^^^^-..^
A

, r
V^ - *^. ^ -- , y

J A

' I

<; .
'>

-^ r _^

l;a.

.'^^'v.'. .^'..(,'

*i:

'>;

't V

-^"^ i'j:^'
i^^^:-:-*

^ ' "^

i^:^^^^ '^^ffT,^i.-f«.

••'I

K<& .'-V'

.
^'

^"^^ .W-ifi
I- ?

1-- I k

1 r-
'

>*^

1-

h Y

^

^^ /

'W'-"/^

.1*
^>-

i

If'-'--'

*^^

•"^K

.
' <

.--,-....

^

..d'
.t

^
.

'

l^-

'.

'J - -;
'<--

V.

^^li^

lI -

Hff^

1 . ^-^'i^\:

A'Mv -..
.

.-'

Y

t j^

re -

'
'"''^yMiiC'VV^

:

J

.'^J
*..

'\

-*. .--J '4^

-^?;><'^

.=si

#

i

;:<'

->

.?

T
i»^

T^'

V

.

\,̂
^J "

\
^

1

^
**.

\



Bulletins of American Paleontology, Volume 110 Plate 4

ni--j\-ini— r— j- — ^ +" W ^'^^U H^ _ ^ J~ " 3^-
I

CM

i^:'.

q <

'^..

'T^-

-^ _--

>PL

.-.-
X'

-\

..p

'!*?: ^^r^'^:

's^

V
\

-.^^fcj-

:d-*a:_

.^^.

^i'-^ix^:

l'—t

/

r-^

^^;
j^

_ ^ ^
- ^^

xT*'

^*-

J.

^
> if^

-^#c

'^ ^

-^^ ^^ ' --*- - ^iff^:^^.:'

%
-\

^- ^
^JV^^-»F ^^.^-^j^Si-lli^.i'^r W^^ ^==1 i^^-""

\

-"^ r^p*—

^

,/^^y

/'

l^:^

I •

?-

r

>^

-

V?^

"x I

;-^v

tf ^

jf^

v^

rf

^-^

^

f^

/

/

.-*.,

CO

'b h

1

'r-^
^hA-/ /

i>^ ,/

s

4r

'•mm

^

'fM£!

I

4-.. ^?^ ^

^
V ^^;

^i. ''f-.

^4t.
"^

^^

.^'



/:

/

Explanation of Plate 4

Figure

1-5. Cardiomya (Bowdenia) distira (DalL 1903)

All specimens from NMB locality 10635: Bowden, Jamaica; type locality of Bowden Formation (early Pliocene).

1, 2. NMB G 14141. Right valve. 1. Exterior; 2. Enlargement of rostrum, X90. Length 3.0 mm; height 2.0 mm.
3. NMB G 14142. Interior of left valve. Length 2.9 mm; height 2.3 mm.

4, 5. NMB G 14143. Left valve. 4. Exterior; 5. Enlargement of rostrum, X65. Length 3.3 mm; height 2.3 mm.
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Explanation of Plate 5

Figure

1-4. Plectodon granulatus (Dall, 1881)

NMB G 14138. NMB locality 16857: Rio Cana, Dominican Republic; Cercado Formation (late Miocene). Right valve. 1. Interior;

2. Enlargement of hinge, X20; 3. Exterior; valve broken during handUng for SEM photography; 4. Enlargement of sculpture, X60.

Length 10.6 mm; height 6.4 mm.
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Explanation of Plate 6

Figure

1-4. Plectodon granulatus (Dall, 1881)

USNM 94214. Recent. Station 2648; off Cape Florida, 84 fms., sand.

1, 2. Left valve. 1. Exterior; 2. Interior. Length 8.8 mm; height 5.6 mm.
3, 4. Right valve. 3. Exterior; 4. Interior. Length 11.5 mm; height 6.5 mm.
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Explanation of Plate 7

Fi sure

1-4. Plectodon granulatiis (Dall, 1881)

USNM 94214. Recent. Station 2648: off Cape Florida, 84 fms., sand.

1. Enlargement of left hinge (X30) of specimen shown on Plate 6, figure 2.

2. Enlargement of right hinge (X20) of specimen shown on Plate 6, figure 4.

3, 4. Enlargement of sculpture of right valve shown on Plate 6, figure 3. 3. Near center of shell disc, X60; 4. Towards rostrum,

X50.
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Explanation of Plate s

Figure

1—6. Haliris fischeriana (Dall, 1881)

USNM 444416. Recent. Eolis Station 370: off Ajax Reef, Florida, 70-90 fms,

1. Interior of right valve. Length 6.0 mm; height 5.6 mm.
2, 3. Exterior of right valve. Length 6.1 mm; height 5.7 mm. 3. Enlargement of sculpture, X50

4. Interior of left valve. Length 6.1 mm; height 5.6 mm.
5, 6. Exterior of left valve. Length 6.4 mm; height 5.8 mm. 6. Enlargement of sculpture, X50.
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Explanation of Plate 9

Figure

1-6. Haliris jamaicensis (Dall, 1903)

1-3. NMB G 14148. NMB locality: 15832: Rio Gurabo, Dominican Republic; middle Pliocene pan of Mao Formation. Right valve.

1. Interior; 2. Exterior; 3. Enlargement of sculpture, X60. Length 4.3 mm; height 4.1 mm.

4-6. NMB G 14149. NMB locality 10635: Bowden, Jamaica; Bowden Formation (early Pliocene). Right valve. 4. Exterior; 5.

Interior; 6. Enlarsement of hinge, X40. Length 4.3 mm; height 3.9 mm.
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Explanation of Plate lo

Figure

1-4. Haliris jamaicensis (Dall, 1903)

NMB G 14158. NMB locality 10635; Bowden, Jamaica; Bowden Formation (early Pliocene). Left valve. 1. Exterior; 2. Enlargement
of sculpture, XlOO; 3. Interior; 4. Enlargement of hinge, X50. Length 3.2 mm; height 2.6 mm.
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Explanation of Plate 1

1

Figure

1-4. Trigonulina omata d'Orbigny, 1842

USNM 444479. Recent. Eolis Station 178: off Fowey Light, Florida, 68 fms.

1, 2. Interior of right valve. Length 4.2 mm; height 3.8 mm. 2. Enlargement of hinge, X45

3, 4. Interior of left valve. Length 3.4 mm; height 3.2 mm. 4. Enlargement of hinge, X55.
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Explanation of Plate 12

Figure

1-4. Trigonulina omata d'Orbigny, 1842

USNM 444479. Recent. Eolis Station 178; off Fowey Light, Florida, 68 fms.

1, 2. Exterior of right valve. Length 3.7 mm; height 3.3 mm. 2. Enlargement of sculpture, X50
3, 4. Exterior of left valve. Length 4.0 mm; height 3.6 mm. 4. Enlargement of sculpture, X50.

Page

49

>

<

o

B
td

>r
<

C

o.
-^



0^
00

Explanation of Plate i3

Figure

1-4. Trigonulina pacifica, new species

USNM 211469. Recent, off La Paz, Baja California, Mexico; 9V^-10 fms.

1, 2. Interior of right valve. Length 4.8 mm; height 4.7 mm. 2. Enlargement of hinge, X35

3, 4. Interior of left valve. Length 4.7 mm; height 4.3 mm. 4. Enlargement of hinge, X40.
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Explanation of Plate i4

Figure

1-4. Trigonulina pacifica, new species

USNM 211469. Recent, off La Paz, Baja California, Mexico; 9^2-10 fms.

1, 2. Exterior of right valve. Length 5.1 mm; height 4.9 mm. 2. Enlargement of sculpture, X50
3, 4. Exterior of left valve. Length 4.5 mm; height 4.0 mm. 4. Enlargement of sculpture, X50.
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Explanation of Plate is

Figure

1-4. Trigonulina bowdenensis (Dall, 1903)

NMB locality 15846: Rio Gurabo; Gurabo Formation (late Miocene).

1, 2. NMB G 14151. Interior of right valve. Length 3.5 mm; height 3.1 mm. 2. Enlargement of hinge, X40

3, 4. NMB G 14153. Interior of left valve. Length 3.3 mm; height 3.0 mm. 4. Enlargement of hinge, X50.
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Explanation of Plate 16

Figure

1-5. Trigonulina bowdenensis (Dall, 1903)

NMB locality 15846: Rio Gurabo; Gurabo Formation (late Miocene).
1-3. NMB G 14150. Exterior of right valve. Length 3.8 mm; height 3.2 mm. 2. Enlargement of sculpture, X75; 3. Further

enlargement of sculpture, X150.

4, 5. NMB G 14152. Exterior of left valve. Length 4.0 mm; height 3.3 mm. 5. Enlargement of sculpture, X150.
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Explanation of Plate \i

Figure

1-4. TrigonuUna bowdenensis (Dall, 1903) . . .

NMB locality 10635: Bowden, Jamaica; Bowden Formation (early Pliocene).

1, 2. NMB G 14154. Interior of right valve. Length 2.8 mm; height 2.5 mm. 2. Enlargement of hinge, X60

3, 4. NMB G 14156. Interior of left valve. Length 2.1 mm; height 1.8 mm. 4. Enlargement of hinge, X90.
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Explanation of Plate is

Figure

1 4. Trigonulina bowdenensis (Dall, 1903)

NMB locality 10635: Bowden, Jamaica; Bowden Formation (early Pliocene).

1, 2. NMB G 14155. Exterior of right valve. Length 2.3 mm; height 1.9 mm. 2. Enlargement of sculpture, X 100
3, 4. NMB G 14157. Exterior of left valve. Length 2.8 mm; height 2.6 mm. 4. Enlargement of sculpture, XIOO.
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ornatlor 40, 4

1

Cuspldarla (Bowdenia) distira 42

Cuspldarla (Plectodon)

granulata 44

scabrata 44
Cuspidariidae 35, 39-41

Dall, 1886 40,44,45,47

Dall, 1889
^'

Dall, 1903 39,41-45,51

Dall and Simpson, 1901
^

distira

Cardiomya 36, 37, 39,

Cardiomya (Bowdenia) 3, 4, 40-42, 43, 46, 51

40
Cuspldarla (Bowdenia)

Durham, 1944

Ecuador
44

39,40
Fast, 1978

fischerlana

Hallris

Verticordla
^

Florida 37,44-4
47 4o

Fowey Light ^ '

'

46

45

Gabb, 1873

gahbl, Cuspldarla 4 >

Galapagos Islands
44,

Gardner, 1 926

Gardner, 1 945

gouldlana, Neaera

Grant and Gale, 1931 40,48,

granulata

Cuspldarla (Plectodon)

Lelomya (Plectodon)

Neaera

granulatus, Plectodon 2, 5-7, 36, 37, 40,

Guanacaste Province

Gulf of California ^^'

Gulf of Mexico

Gull Island

Guppy, 1876 •-

Gurabo Formation 41-43, - >

Haliris

fischerlana

jamalcensls

Harris, 1919

Hatteras

Hertlein and Grant, 1972

Hinds, 1843

Hopkins Marine Station

9, 10, 36, 37, 39--41,'^^^

48,

Tnstitut Fran9ais du Petrole

Isla Cedros

40

41

51

44

40

40

51

44

44

44

44

51

51

45

40

53

45

46

46

40

47

51

40

SO

35

50

Isla Dan/ante

Islahispanlolae ,4 j

Cardiomya 35-3 /, jq
l'2'3%o

50
•

50

50

50

Cardiomya (Cardiomya)

Cuspldarla

Isla Smith

Isla Socorro

Islas Rcvilla Gigedo

isla Todos Santos

Dall, 1881 44
50

Jalisco
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•^^'ii'iica 37, 39-43, 46, 47, 49, 51-53

^aliris 9, 10, 36, 37, 39-41, 45, 46
^enicordia (Haliris) 45

J^ng, 1986 35, 36
J^ng, 1989 40
•^^"ig, 1994 36
^-^"g and Petit, 1990 36

^^^'^- 1971 44,47,48,51
^ellett Channel 50
^nudsen, 1982 44, 45, 47, 48, 51

^^ BaiTiinca 36, 43
[-^Paz 50
Leeward Islands 44
^^lomya (Plectodon) granulata 44
Cesser Antilles 44

^ao Formation 43, 46, 52, 53
^'^tisaeluisetts 46, 48
^^^"y. 1917 39,40
Mexico

45, 50
^^ycr and Aldrich, 1886 40

J^^^n^i 48
^•^Nissippi Delta 45
"^•^nierey Bay 50, 51

^iter/lata 40
Soiildiana 40
Sfanulata 44
^^natissima 40

^^•th Carolina 45

Q^^^^a 50
'sson and Harbison, 1953 44

^'^i^ny,d\ 1842 46,47
^^'gny,d', 1845? 46

^^igonuHna 11, 12,40, 46, 47, 48-52
^^ficordia 47, 48

^^nicordia (Trigonulina) 47, 48

^
^^^ticordia (Verlicordia) 48

^^''^ior, Cuspidaria 40, 41

^^^iissima, Ncacra 40

. (Pea, TngonuUna 2, 13, 14, 35, 40, 45-52
p';^'fic Grove 50
p""^'^nl958 ..44

pJJ^y'
1922 40,41

f^^^^^y
and Johnson, 1917 40, 41

^"-'lodon Carpenter, 1864 44
^^^'lulatus 2,5-7, 36, 37, 40, 44
^^aher 44

Punta Arena de la Ventana 50

Punta Quepos 51

Puntarenas Province 51

Rancho El Tule 50

Rancho Palmilla 50

Renevicr, 1855 47

Rio Cana 38, 41, 42, 44, 52, 53

Rfo Cana section 36, 45

Rio Gurabo 41-43, 46, 52

Rio Gurabo section 36, 43, 46

Rio Mao 38-42, 52

Rio Mao section 36

Rios, 1985 47

Rio Verde 36, 52, 53

Rio Yaque de Norte 36, 43

Roca Vagares 51

San Diego 51

Santa Catalina Island 48, 50

Santa Cruz Island 50

Saunders, Jung, and Biju-Duval, 1986

35, 37-39,42, 43, 45, 46, 52, 53

SaundiTs, Jung, Geister, and Biju-Duval, 1982 35

scaber, Plectodon 44

scahrata, Cuspidaria (Plectodon) 44

Sehenck, 1945 44

Shoal River Formation 37, 44, 45

Sombrero Island 44

Sowerby, 1844 47

Stoliczka, 1871 45

Swiss National Science Foundation 35

Sykes, 1906 47

Trigonulina 35, 46, 47

bowdcncnsis 15-18, 35-37, 39-41, 49-5/

ornata 11, 12, 40, 46, 47-52

pacifica 2, 13, 14, 35, 40, 45-52

Turner, 1938 40

Verrill, 1882 47

Verrill, 1884 47

Verlicordia 47

caelata 47

cardiiformis 47

fischeriana 45

ornata d'Orbigny. 1 842 47

ornata d'Orbigny, 1 846 47

Verticordia (Haliris) jamaicensis 45

Verticordia (Trigonulina) ornata 47, 48

Verticordia (Verticordia) ornata 48

Verticordiidae 35, 39-41, 45

Yokes, 1939 40

Woodring, 1925 41, 43, 45-47, 51

Yucatan 45


