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12. The Genus Spondylus (Bivalvia: Spondylidae)

By
HAROLD

E. VOKES AND EMILY H. VOKES

Department of Geology
Tulane University
New Orleans, LA 70118, U.S.A.

ABSTRACT
Only three species of Spondylus have been collected in the Neogene strata of the northern Dominican Republic. These include:
S. bostrychites Guppy, which is largely confined to the more shallow facies of the late Miocene-early Pliocene Gurabo Formation;
and S. gumanomocon Brown and Pilsbry, which is largely confined to the coralline facies of the Gurabo Formation and the Mao
Adentro Member of the Mao Formation. The third species is represented by a single specimen of S. /ucasi Maury from the
Gurabo Formation. No specimens are known from the early Miocene Baitoa Formation and only three specimens (one of S.
bostrychites and two of S. gumanomocon) have been collected in the late Miocene Cercado Formation.

RESUMEN
Se han colectada solo tres especies de Spondylus en los stratos Nedgenos del norte de la Republica Dominicana. Estas incluyen:
S. bostrychites Guppy, por la mayor parte restringida a las facies mas someras de la Formacion Gurabo del Mioceno tardio al
Plioceno principio; y S. gumanomocon Brown y Pilsbry, por la mayor parte restringida a las facies coralinas de la Formacion
Gurabo, y del Miembro Mao Adentro de la Formacién Mao. La tercera especie esta representada por un solo espécimen de S?
lucasi Maury de la Formacion Gurabo. No se encuentran espécimenes de Spondylus en la Formacion Baitoa del Mioceno principio

y solamente tres (uno de S. bostrychites y dos de S. gumanomocon)

se han colectado en la Formacion Cercado del Mioceno

tardio.

INTRODUCTION
This study is a small contribution to the on-going
project on the Neogene fossils from exposures in the
Cibao Valley, northern Dominican Republic (Text-fig.
1). The geological setting and the history of the Dominican Republic Project have been thoroughly covered by several authors (see Saunders, Jung, and BijuDuval, 1986; Jung, 1986; E. Vokes, 1989; H. Vokes,
1989).
The material upon which this paper is based was
collected by both the the Naturhistorisches Museum
Basel team of John Saunders and Peter Jung, and by
the authors, as has been documented in the aforementioned papers. For information on localities, stratigraphy, and ages, the reader is referred to the first work
in this series: Saunders, Jung, and Biju-Duval (1986).

ACKNOWLEDGMENTS
This study owes an immense debt of gratitude to
Peter Jung, of the Naturhistorisches Museum Basel,
who photographed and measured all of the type ma-

terial for the species of Spondylus Linnaeus, 1758 that
are involved. His labors made the remainder of the
work much less time-consuming. In addition, he and
John Saunders led the NMB team that collected much

of the material utilized herein. We are grateful to Dr.
Niles Eldredge, American Museum of Natural History,
New York, and Dr. George M. Davis and Ms. Elena
Benamy, Academy of Natural Sciences, Philadelphia,
for the loan of type material, and to Dr. Thomas R.
Waller, U. S. National Museum of Natural History,
and Dr. Gary Rosenberg, Academy of Natural Sciences, Philadelphia, for reviewing the manuscript.

BIOSTRATIGRAPHY

AND PALEOECOLOGY

As there are but three species of Spondylidae in the
Dominican Republic beds, and one of these is represented by a single specimen, not a great deal of information can gleaned from their occurrence. The most
abundant species is S. bostrychites Guppy, 1867, and
from all evidence it followed a life-style unlike the vast
majority of living spondylids, which attach to dead

corals or other hard substrate. The bulk of the material
for S. bostrychites comes from beds that, on the basis
of other molluscan species present, we think of as
‘shallow-water Gurabo”’ (see E. Vokes, 1989, p. 21),
with water depths of about 20 to 50 m. From all appearances the specimens of S. bostrychites were not
attached but lay “‘floating”’ in the fine silty sediment.
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This quiet environment permitted the growth of long
delicate spines (see Text-fig. 2).
The other species for which we have enough material
to consider is the more massive S. gumanomocon

Brown and Pilsbry, 1913, which is found primarily in
the coralline facies of the Gurabo Formation and the
Mao Adentro Member of the Mao Formation. It evidently lived in the more normal spondylid fashion,
attached to dead coral.
Most of the records of these two species are from
the Gurabo Formation and the Mao Formation, but
the occurrence of both is more dependent on environment than on time, as there is one specimen of S.
bostrychites and two of S. gumanomocon from the Cercado beds. One of the specimens of S. gumanomocon
is from locality NMB 16853, which is just upstream
from the mouth of Arroyo Bellaco, in the Rio Cana
drainage, where a very large coral reef is located (loc.
TU 1422; see Saunders, Jung, and Biyu-Duval, 1986,
text-fig. 15 [loc. TU 1282 is at the mouth of Arroyo
Bellaco and TU 1422 is off the map)).
No specimens ofany species of Spondylus Linnaeus,
1758 are known from the Baitoa Formation. It is assumed that this is due to the very shallow-water nature
of this formation. The facies of the Baitoa is extremely
similar to the shallow-water Cercado Formation, where
specimens of Spondylus are almost non-existent.
Throughout the Caribbean, species of Spondylus occur
in other early Miocene beds that are correlated with
the Baitoa Formation.

ABBREVIATIONS OF REPOSITORY
INSTITUTIONS
The following abbreviations for repository institutions are used in this paper:

ANSP: Academy
PA, U.S.A.
BMNH:

of Natural Sciences,

British Museum

Philadelphia,

(Natural History), London,

England, U.K.
NMB: Naturhistorisches Museum Basel, Basel, Switzerland.
PRI: Paleontological Research Institution, Ithaca, NY,
U.S.A.
TU: Tulane University, New Orleans, LA, U.S.A.
USNM: United States National Museum of Natural
History, Washington, DC, U.S.A.

SYSTEMATIC

PALEONTOLOGY

INTRODUCTION

The genus Spondylus Linnaeus, 1758 is known from
the Jurassic to the Recent (Hertlein and Cox, 1969, p.
N378) and today is found in all tropical and subtropical

marine waters. The shell is highly variable in shape
and ornamentation to the extent that no two specimens

ofa species are entirely alike. The variation in shape
is due to the nature of the surface to which the right
valve becomes attached, but the surface ornament is
influenced by the environment in which it is growing.
The shell spines are produced by extensions of the
°)

10

20km

4 Rio Cana
2 Rio Gurabo
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3 Rio Mao
4 Rio Amina

Cenozoic
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eS

Text-figure 1.—Geological sketch map of the Cibao Valley, northern Dominican Republic, showing areas from which samples for this project
were collected (after Saunders, Jung, and Biju-Duval, 1986, text-fig. 3).

DOMINICAN

REPUBLIC

NEOGENE.

mantle beyond the shell margin and, as noted by Root
(1988, p. 7), the ‘“‘feathery, fingerlike projections” of
the mantle, which produce the spines, are strongly affected by the force of the current; large elongate spines
can form in quiet waters, while those in a swift current
have to be short because the projection cannot be held
out long enough to permit the secretion of a large calcareous spine.
The net result of this great variability has been the
assignment of numerous generic and specific names to
spondylid species. The problem is also accentuated in
Recent species by the tendency to have color variations

ranging, for example in the eastern Pacific Spondylus
princeps Broderip,

1833, from white to pink, orange
or coral-red, often with spines that may vary somewhat
from the color of the shell itself.
Just to give an idea of the complicated taxonomy of
the Recent species of Spondylus, in a recent popular
work (illustrated by exquisite color photographs),
Lamprell (1987) states that 224 specific names have
been proposed for species of Spondylus. Of this number he considers approximately 75 (even he is uncertain) as valid species, the remainder synonyms.
In the Recent fauna of the western Atlantic there are
probably six species, plus another three on the eastern
Pacific coast of tropical America (Lamprell, 1989). In

12: H. E. VOKES AND E. H. VOKES
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the Neogene of the Americas there are possibly 12 valid
species, in addition to fossil occurrences of forms de-

scribed from the Recent fauna.
It is obvious that the determination of the validity
of a species on shell morphology alone is impossible.
There will have to be some better method of species
determination, such as using electrophoresis of amino
acids or proteins, before any meaningful synthesis for
the living forms can be achieved. This is not going to
be a great help with the fossil species. All we can do
is try to compare the morphology of spine patterns,
numbers and relative sizes of ribs, and overall shell
shape. Thus, the determination of which name 1s correct for any particular fossil is tentative at best. Time
may well prove that names used herein are synonyms
of some previously described taxon. Likewise, almost
certainly, time will prove that there are synyonyms
that might have been included in the synonymy of any
particular species. We have chosen to take a conservative approach and only include as synonyms those
for which we have no doubts.
Measuring these irregular shells is also difficult. In
this study the height is measured (as nearly as possible)
perpendicular to the hinge, along a line from the umbo
to the ventral edge. However, this is easier said than
done. For example, the lectotype of S. guwmanomocon

ee

Text-figure 2.—Right valve of Spondylus bostrychites Guppy,
near Potrero.

1867, still encased in the outcrop at locality TU

1219, on the Rio Amina,

BULLETIN 339
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Brown and Pilsbry, 1913, was stated to be 175 mm in
length by the original authors. Palmer (1938, explanation to pl. 16) says “Height 181 mm”’. If one measures the maximum dimension of this shell it is 181
mm, but if one measures along a line that more or less
bisects the valve then it is 175 mm.
The length is here taken as the maximum distance
from the anterior to the posterior margins of the shell,
along a line as nearly as possible parallel to the hinge
and, more importantly, at right angles to the measured

height.
Diameter is measured only for paired valves and is
the maximum distance between two planes tangent to
the outside of the right and left valves, paralleling the
valve margins.
SYSTEMATICS

Family SPONDYLIDAE
Genus SPONDYLUS
Spondylus Linnaeus,

Spondylus bostrychites Guppy

Plate 1, figures 1-3; Plate 2, figure 1; Text-figure 2
Spondylus bifrons Sowerby,

1921, pp. 191, 203); Gabb, 1873, p. 257; Guppy, 1874, p. 443 (in
part); Dall, 1898, p. 758 (in part, not all localities); Maury, 1917,
p. 190 (354), pl. 32(58), fig. 4; Vaughan et a/., 1921, pp. 129, 145;
Pilsbry, 1922, p. 413; Hanna, 1926, p. 477, pl. 24, figs. 3, 4;
Palmer, 1938, p. 6(150) (in part, not references to Bowden specimen), pl. 1(16), fig. 2 only; pl. 2(17), figs. 1, 3, 5; pl. 3(18), figs.
1-5; Ramirez, 1956, pp. 13, 15-17; Pflug, 1961, p. 77, pl. 23, figs.
18:

[2] Spondylus bostrychites Guppy. Maury, 1920, p. 22.
(?] Spondylus bostrychites? Guppy. Hubbard, 1920, p. 97; Vaughan
et al., 1921, p. 150.
Spondylus sp. indet. Vaughan ef a/., 1921, p. 123.
INCORRECT

Gray, 1826

Linnaeus,

1758

1758, p. 690.

Type species.— Spondylus gaederopus Linnaeus, 1758
(by subsequent designation, Schmidt, 1818); Recent,
““M. Mediterraneo” (Linnaeus, 1758); and “‘in the eastern Atlantic from Morocco to Senegal, and in the Atlantic islands” (Dodge, 1952, p. 126).
Diagnosis.—Shell pectiniform but usually deformed
as a result of fixation of the right valve umbonal area
to the substrate; right valve generally larger and more

inflated than the left, with a higher triangular cardinal
area in which the internal ligament is lodged in a pit
located between two stout crural teeth that, in the mght
valve, are immediately adjacent to the pit but, in the
left valve, are outside of the sockets for the reception
of those of the right valve; sculpture primarily radial,
with ribs of primary, secondary, and tertiary size, the
primary almost universally bearing strong pointed
spines; smaller spines or pointed nodules often present
on the secondary and tertiary radials; mght valve may
be concentrically foliaceous adjacent to attachment
area.
Remarks.— Although Gaideropa Deshayes, 1832 is
cited as an objective synonym of Spondylus Linnaeus,
1758 in the Treatise on Invertebrate Paleontology (Hertlein and Cox, 1969, p. N378), when one examines the
original reference of Deshayes (1832, p. 163)!, it is
obvious he was merely giving the vernacular name of
the species Spondylus gaederopus Linnaeus, 1758.
'‘ What Deshayes says is [translated]: “GAIDEROPE. Gaideropa.
We used to name thus, or we used to give the name of ‘donkey’s
foot’, which is synonymous, to a rather common shell, that the
ancients placed in the spiny oysters, and which is placed today in
the genus Spondyle, under the denomination of Spondylus gaderopus
[sic]. See SPONDYLE.”

1850, p. 53. (non S. bifrons Goldfuss,

1835).
Spondylus bostrychites Guppy, 1867, pp. 164 (list), 176 (nom. nov.
pro Spondylus bifrons Sowerby non Goldfuss) (reprinted Harris,

REFERENCES

TO Spondylus bostrychites:

Spondylus bostrychites Guppy. Guppy, 1873, p. 87 (reprinted Harris,
1921, p. 219); Dall, 1903, p. 1586; Woodring, 1925, p. 76, pl. 9,
figs. 5-7; Palmer, 1938, p. 6(150) (in part, Bowden specimen only),
pl. 1(16), fig. | only (Bowden Formation, Jamaica; probably = S.
americanus Hermann, 1781).
Spondylus bostrychites Guppy. Dall, 1915, p. 124, pl. 19, fig. 4 (Tampa Limestone, Florida; = S. chipolanus tampaensis Mansfield,
1937).
Spondylus bostrychites Guppy. Cooke, 1919, p. 144, pl. 11, figs. 11a,
11b (Anguilla Limestone, Lesser Antilles; = S. scotti Brown and
Pilsbry, 1913, fide Woodring, 1982, p. 601; however, specimens
illustrated by Cooke have a strong similarity to S. chipolanus Dall,
1898).

Spondylus bostrychites Guppy. Trechmann, 1930, p. 211 (Manchioneal Beds, Jamaica; = S. chiriquiensis Olsson, 1922, fide Palmer,
1938, p. 155).
Spondylus bostrychites Guppy. Anderson, 1929, p. 158 (Tubara
Group, Colombia; = S. colombiensis Weisbord, 1929).
Spondylus bostrychites Guppy. Perrilliat Montoya, 1963, p. 10, pl.
2, figs. 2, 6 (Agueguexquite Formation, Mexico; = S. americanus
Hermann, 1781).
Spondylus bostrychites Guppy. Ferreira, 1965, p. 5, figs. 7-10 (Pirabas Limestone, Brazil; appears to be S. chipolanus tampanensis
Mansfield, 1937°).
Spondylus bostrychites Guppy. H. Vokes, 1986, p. 174, text-fig. 1
(Moin Formation, Costa Rica; = S. chiriquiensis Olsson, 1922).

Testa subregularis, rotundata, ventricosa, margine latiusculo, valide denticulato; extus radiatim costata, costis 5 ad 6 spiniferis; area
cardinali alterius valvae angustissima, alterius latiori.
Nearest to S. imperialis [Chenu, 1843], easily distinguishable by
the area of one valve being very narrow, and that of the other being
rather broader, though still narrow. (Sowerby, 1850, p. 53)

Diagnosis.—Shell shape pectiniform, ornamented
with alternating coarser and finer spinose ribs; valves
2In 1887, C. A. White described Spondylus pinguisculus (p. 47,
pl. 9, figs. 22, 23) from the same Pirabas Limestone locality. Unfortunately the White species is based upon an internal mold lacking
any trace of the external ornamentation. The name has forty years
priority over the Mansfield name and, if the Pirabas species proves
to be the same as the Tampa one, would supersede it.

DOMINICAN

REPUBLIC

NEOGENE.

unusually symmetrical, rarely any trace of an attach-

ment area.
Description.—Shell rounded, pectiniform, subequivalved with the lower (right) valve slightly more inflated than the upper (left) one; attachment area on
lower valve small or absent, marked occasionally by
small area of raised concentric lamellae; remainder of
surface of right valve and all of the left with radial
ribbing consisting, on well-preserved valves, of ribs of
four different strengths: the strongest, primary ribs most
prominent and bearing large, elongate flattened or fluted spines, the ribs of secondary strength with distantly
spaced, nodose spinules; the tertiary riblets occurring
in groups of two to four, commonly three, separating
the primary and secondaries, and often relatively
smooth; quaternary riblets visible only on exceptionally well-preserved valves, submicroscopic and exceedingly numerous, often being present on the sides
and upper surfaces of the primary, secondary, and tertiary ribs. Well-preserved valves also with ribbing
crossed by fine raised growth lines that form small
raised spinose flutings on the rib tops. Commonly seven primary ribs on the lower (right) valve and six on
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Remarks.—A\though there are rare specimens ofS.
bostrychites Guppy, 1867, from the Cercado Formation (one pair from loc. TU 1222, near Moncion) and
from the Mao Adentro Member of the Mao Formation
on the Rio Gurabo (locs. TU 1440, NMB 15822: see

Saunders, Jung, and Biju-Duval, 1986, text-figs. 4, 5),
the vast majority of the specimens have been taken in
the shallow-water facies of the Gurabo Formation. In
our collections and those of the Naturhistorisches Museum, the species is most abundant along the Rio Gurabo above the ford, in beds that Maury (1917, p. 437)
referred to her Zones D (loc. TU 1215 = NMB 1584215858: see Saunders, Jung, and Biju-Duval, 1986, textfigs. 4, 5) and F (locs. TU 1277, 1296 = locs. NMB
15864-15875; see Saunders, Jung, and Biju-Duval,
1986, text-figs. 4, 5), at “Bluff 1” (of Maury, 1917, p.
426, where she noted it was ‘“‘common’’) on the Rio
Mao (locs. TU 1293, NMB 16910; see Saunders, Jung,
and Biju-Duval, 1986, text-fig. 29), and at the ford on
the Rio Amina (locs. TU 1219, NMB

16807; see Saun-

the upper (left) one. Cardinal area of the lower valve

ders, Jung, and Biju-Duval, 1986, text-fig. 34). Although the NMB team was not able to collect the latter
locality to any great degree, in the TU collections from
locality TU 1219 alone we have 20 adult valves (three

somewhat broader than that of the narrow, often linear,

paired) and 40 immature

upper one; both coarsely striated. Auricles moderately
large, with radial ribbing that may be obscured by

certainly one of the localities where the original Heneken Collection’ was made, locality TU 1219 is here
offered as a restriction of the type locality, which was
only “San Domingo’”’.
The species of Spondylus are all discouragingly similar and one species may be distinguished from another
only with great difficulty. One of the most striking
characteristics exhibited by Spondylus bostrychites is
the Jack of an attachment area. Most species are marked
by a relatively large area of concentric foliations in the
umbonal area ofthe right valve. As may be seen from
the various specimens figured, this is not usually developed in S. bostrychites. Of all of the specimens in
the TU collections only three show any trace of this

strong, raised growth lamellae. Adductor scar gently
arched to almost straight dorsally, broadly rounded on
lateral and ventral sides; ventral internal valve margins
crenulated by termination of external radial ornament.
Lectotype. —BMNH
LL 9946 (selected by Palmer,
1938).
Type locality.—Locality TU 1219 (here restricted),
Gurabo Formation, Rio Amina, bluffs on east side of
river immediately upstream from ford that is 2 km
west of Potrero and about 3 km downstream from “La
Represa”’ (= locality USGS 8516; see Saunders, Jung,
and Biju-Duval, 1986, text-fig. 34).
Material.—Over 100 valves, many paired; plus numerous immature and/or fragmentary specimens, from
many localities, mostly in the shallow-water facies of
the Gurabo Formation.
Measurements (in mm).—

height’

length

diameter
(paired
valves)

100

specimen
locality

BMNH

LL 9946!

101.5

_—

unknown?‘

BMNH

LL 257067

89

81

62

unknown*

BMNH

LL 25707?

94

90

—

unknown*

BMNH
BMNH

LL 25708?
LL 25709?

94
62

90
58

—

unknown?
unknown*

BMNH

LL 25710?

55

55

=

unknown?

114
80

88
75

_—
57

TU 1278
NMB 16821

USNM 450387
NMB G 16963

' lectotype; * paralectotypes; * Heneken Collection, “San Domingo”.

valves. Inasmuch

as this is

attachment area.

The significance of the lack of attachment area would
seem to be that, unlike the majority of spondylid species,
which attach to some hard substrate — corals, rocks,
etc., S. bostrychites did not affix itselfto any hard surface but “floated” on a silty bottom. Waller (written
communication, April 2, 1990) has suggested that the
species may be an opportunistic cementer, with settling
spat cementing themselves to tiny hard objects on the
silty bottom when such objects may be found. The
same life-style has been documented for the large oyster Hyotissa haitensis (Sowerby, 1850), which occurs

* The Heneken Collection was sent to the Geological Society of
London in 1848 and was the basis for the molluscan descriptions of
Sowerby (1850) and Guppy (1876).

10

BULLETIN 339

together with S. bostrychites at many localities (see
Meeder, 1987, p. 11).
Specimens from several other formations throughout the western Atlantic have been cited as S. bostrychites. In our opinion, all of these, with the possible
exception of the Puerto Rican specimens listed but not
figured by Maury (1920, p. 22) and Hubbard (1920, p.
97), both of which were based on incomplete molds,
prove to be other species. In particular, the examples
from the Bowden Formation, Jamaica, which have
been figured by Woodring (1925, pl. 9, figs. S—7) and
Palmer (1938, pl. 16, fig.1), show the attachment area

(see Pl. 1, fig. 4). They are here assigned to the Recent
species S. americanus Hermann, 1781.
Comparisons.—The Recent Caribbean species
Spondylus erinaceus Reeve, 1856 (pl. 11, fig. 39), superfically resembles S. bostrychites in the general aspect
of the surface ornament, but differs in having only five
primary radial ribs (in contrast to the six or seven of
S. bostrychites) adorned with palmate scales rather than
spines, with five (rarely six) well-developed scaly ridges
devoid of any sort of spine formation between them.
The shell also tends to be attached to coralliferous
surfaces and, consequently, to develop a relatively
strong dorsal triangular area above the hinge region on
the right valve. This latter feature seems to be the
principal difference between the two forms. Nevertheless, S. erinaceus with its globose, symmetrical shells,
well shown in the illustration given by Garcia (1989,
pl. 1) may be the descendant of S. bostrychites. Certainly, no other species comes as close.
Occurrence.— Unnamed formation: Lopez area (TU
1445).

1354:

Cercado/Gurabo formations: Rio Cana area (TU

NMB

16817,

16818,

16821,

16824,

16861,

16862, 16865, 16867, 16868, 16878); Rio Gurabo area

(UN2ZOSEI2Z1OM12T1E 1213=12' 15912225 123i 1277;
1278, 1279, 1296, 1338, 1368, 1369, 1416; NMB
15804, 15806, 15807, 15809, 15815, 15836, 1584215844, 15846, 15848, 15851, 15853, 15855, 15856,
15862-15868, 15871, 16808, 16809, 16811); Rio Mao
area (TU

1225, 1293; NMB

16910); Rio Amina area

(TU 1219, 1220, 1248, 1370, 1371, 1411, 1412, 1455;
NMB 16805, 16807); Santiago area (TU 1205, 1206,
1207, 1227A, 1250, 1380, 1404, 1405, 1449, 1453;
NMB 17268). Mao Formation: Rio Gurabo (TU 1440;
NMB 15822).
Distribution.—Unnamed formation (Lopez area),

Cercado and Gurabo formations, and Mao Adentro
Member of the Mao Formation, Dominican Republic.
Other occurrences in the Caribbean fossil record are
uncertain, but the specimen from the Imperial Formation (Pliocene) of California reported by Hanna
(1926) may well be this species.

Spondylus lucasi Maury
Plate 2, figures 2, 3
Spondylus lucasi Maury,

1920, p. 23, pl. 5, fig. 1.

Shell oval, oblique, small for the genus. The cardinal area is defective and broken, but shows traces of the isodont hinge of Spondylus. The sculpture consists of [?eight] stronger, low, primary,
radiating, rounded threads bearing spines at intervals, and between
every two ofthese primaries are eight to ten or twelve much more
delicate radiating lines. The central one ofthese is slightly stronger
than the rest. It does not stand out sharply but the eye can discern
that it is a shade thicker. The fine radii between the primaries
nearly always alternate in strength, the finest lines of all being
visible only with a lens. All of the fine radii are ornamented with
minute scales, giving them a beaded appearance, especially on the

anterior part of the valve. (Maury, 1920, p. 23)

Diagnosis.—Shell shape pectiniform, ornamented by
numerous finely spinose radial ribs; approximately
every seventh of these slightly stronger and with longer
spines.
Description.—Shell, a left valve, slightly suboval,
rounded in outline; a small rounded umbo; auricles
moderately short and narrow, having surface ornament

of fine radial ribbing similar to that on the entire valve
with microscopically small spines and raised growth
lamellae. Valve ornament of seven primary radial ribs
bearing relatively strong radial spines, usually six or
seven in number and distantly spaced, although the
anterior primary rib bears but one such spine. Between
each pair of primaries, on the median surface of the
valve, there are three moderately small secondary radials with a slightly weaker tertiary between each of
the stronger ribs. The tertiary radials tend to increase
in strength with growth, becoming indistinguishable
from the secondaries toward the valve margin, so that
there appear to be seven secondary ribs between each
pair of primaries. Surface of all secondary and tertiary
radials marked by closely approximate laciniate projections of growth lamellae. Interspaces between ribs
narrow, flat-bottomed, with three rows of microscopic
spinelike projections, one medial in position and the
others on the slightly raised margins of the adjacent
radials.
Lectotype.—AMNH

22514 (here designated).

Type locality.—Reeds’ locality 370, east shore of
Guanica Harbor, Puerto Rico [see Maury, 1920, pp.
1, 7; data on label with specimen].
Material.—A single left valve from locality TU 1211.
Measurements

(in mm).—
height

length

AMNH

22514!

332

28

see above

USNM

450389

54.5

53

TU

' lectotype; ? estimated, badly broken.

locality
1211
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Remarks.—A single left valve from locality TU 1211
(Rio Gurabo; see Saunders, Jung, and Biyu-Duval, 1986,
text-fig. 5) is here identified as Spondylus lucasi Maury,
1920, originally described from the Guanica Limestone (= Ponce Limestone) and the Quebradillas Limestone of Puerto Rico. The Ponce Limestone, from the
south coast, although originally described as Oligocene
in age is now considered to be early Miocene; the Quebradillas Limestone, from the north coast, is now considered Pliocene. Although slightly larger than the type
of S. /ucasi, the Dominican specimen agrees so completely in all details of the ornamentation of that form
as figured by Maury (see PI. 2, fig. 3), as to leave little
doubt that it represents the second record of its occurrence in the Caribbean fossil fauna.
Comparisons.—The shell of Spondylus lucasi Maury, 1920, has a much more evenly patterned ornament
than S. scotti Brown and Pilsbry, 1913, as figured by
Woodring (1982, pl. 97, figs. 8-10), from the early
Miocene La Boca Formation of Panama, with which
he tentatively [p. 601] synonymized S. /ucasi.
Jung (1965, pl. 55, figs. 2, 3 and 1971, pl. 1, figs. 4,
5) has figured specimens from the early Miocene Cantaure Formation and the early middle Miocene Grand
Bay Formation, respectively, that he compares to S.
lucasi. Both seem better assigned to S. scotti.
Spondylus lucasi and the older S. scotti are similar
only to the extent that both have relatively fine radial
ribs, in contrast to such species as S. bostrychites Guppy, 1867, in which the ribs are much wider (compare
Pl. 1, fig. 3b, and Pl. 2, fig. 2b). In S. scotti, there are
many more major radials (17 in the type specimen)
with fewer secondary radials between each pair (four
to eight in the type specimen) than in S. /ucasi, which
has only seven or eight primary ribs, with about seven
secondary ribs between each pair of primaries.
In the Recent fauna of the Indo-Pacific the species
S. anacanthus Mawe, 1823, is perhaps the most nearly
similar to this unusual species, which is marked by
having a much more regular surface ornament than is
typical for most species of Spondylus.
Occurrence.—Gurabo Formation: Rio Gurabo (TU
PAYS
Distribution.—Gurabo Formation, Dominican Republic. Ponce Limestone, Early Miocene; Quebradillas
Limestone, Pliocene; Puerto Rico.
Spondylus gumanomocon Brown and Pilsbry
Plate 3, figures 1—4
Spondylus Americanus Lamarck.
marck, 1819, nor of Hermann,
Spondylus gumanomocon Brown
note); Maury, 1917, p. 191(355);

Gabb, 1873, p. 257 (not of La1781).
and Pilsbry, 1913, p. 514 (footPilsbry, 1922, p. 413, pl. 43, figs.
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4 (paralectotype), 5 (lectotype); Palmer, 1938, p. 9(153), pl. 1(16),
figs. 3, 4 (lectotype); pl. 2(17), figs. 2, 4 (paralectotype); Pflug, 1961,
ps3:
[?] Spondylus gumanomocon Brown and Pilsbry. Maury, 1920, p.
23; Hubbard,

1920, p. 97; Olsson,

fig. 1.
Spondylus guamanomocon

1922, p. 207(379), pl. 21(24),

Pilsbry and Johnson

[sic]. Vaughan

et

al., 1921, p. 153.
Spondylus carmenensis

Hodson

in Hodson,

Hodson,

and Harris,

1927, p. 41, pl. 25, figs. 1-3.
A species resembling S. varians Sowb. (S. delessertii Chenu [1845]).
The upper valve is Pectiniform, orbicular, of moderate thickness,
with low radial ribs, the principal ones irregularly spinose, spines
short; cardinal area small and short, as in S. americanus [Hermann, 1781]. Lower valve very ponderous, with a long, level (not
receding) cardinal area, and a very long, straight (or sometimes

laterally curved) beak, the cavity of which is deeply excavated in
young shells, nearly solidly filled in old ones. Sculpture like the
upper valve, except that it is more or less extensively foliated
towards the beak .... This is the form identified by Gabb as
Spondylus americanus. (Brown and Pilsbry, 1913, p. 514)

Diagnosis.—Shell very massive, irregular in shape,
with lower (right) valve greatly enlarged. Radial or-

nament of alternating larger and smaller spinose ribs.
Description.—Shell attaining large size (over 150 mm
in height), attached by the umbo of the right valve,
which tends to become more elongate than the relatively pectiniform, less-inflated left one, especially as
the high, triangular cardinal area increases in height
with shell growth. Hinge line straight, with narrow cardinal area marked by a much shorter ligamental pit
than that extending the full height of the area of the
right valve. Sculpture of concentric, foliated ribbing
strong on the upper portion of the right valve, and
often extending the full length of the shell, weaker on
the upper, left valve. Radial ribbing variable, commonly three to five strong spinose primaries with two
to five secondary and tertiary ribs between each pair.
However, the relative strength of these ribs varies
greatly, with the secondaries on some specimens becoming as strong as the primaries and developing spines
of equal strength; in contrast, the tertiaries may weaken
so as to be microscopic or, occasionally, divaricate as
growth proceeds to the point that the number of tertiary ribs on a valve may differ between each pair of
primaries.
Lectotype.— ANSP 2869 (selected by Pilsbry, 1922,
pl. 43, fig. 5).
Type locality.—Mao Formation, Samba Hills, south
of Guayubin (here restricted), Dominican Republic.
Material.—In addition to the type lot of five valves,
five paired valves, plus seven more or less complete
adults and numerous fragments and juveniles, almost
all from the Mao Adentro Member of the Mao Formation.
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as occurring at “Zone D, Rio Gurabo at Los Quema-

Measurements (in mm).—

ANSP 2869!
ANSP 72724A?
ANSP 72724B?
ANSP 72724C??
ANSP 72724D>

USNM 450390
PRI 21986
PRI 21987°

height

length

diameter
(paired
valves)

175
154
96.5
126
162

115
103
94
97.5
123

~
_
_
—
=

unknown®
unknown®
unknown®
unknown®
unknown®

81
74
80

56
51
76

47
50
43

TU 1221
Hodson 2436
Hodson 2436

dos” (= locs. TU 1215, NMB 15842-15858; see Saunders, Jung, and Biju-Duval, 1986, text-figs. 4, 5) and
both we and the Naturhistorisches Museum team col-

locality

' lectotype; ? paralectotypes; * specimen figured by Pilsbry (1922)
and Palmer (1938) as “paratype”; * holotype ofS.carmenensis Hodson; > paratype ofS.carmenensis Hodson; ° Gabb Collection, “Santo
Domingo”.

Remarks.—The specific name S. gumanomocon was
given by Brown and Pilsbry (1913) to material in the
Gabb Collection, which Gabb had identified as S.
americanus Lamarck, 1819. The exact locality of
Gabb’s five specimens remains unknown. Although we
have specimens from the Rio Gurabo and the Rio Mao,
the majority of our shells were collected in the Samba
Hills just south of Guayubin (locs. TU 1221, 1245),
an area that Gabb almost certainly collected. In the
narrative of his travels in Santo Domingo he says,
concerning the Samba Hills, near Guayubin: “They
are barely fifty feet high immediately adjoining the
Guayubin River, though twice that a mile or two east,
and they almost disappear very soon after crossing the
river. The horizontal beds continue to their southern
base undisturbed, and where the road first reaches rising ground it climbs a few feet up the face ofa sort of
bluff, the exposed edges of a nearly horizontal sandstone, full of Oysters and Spondylus” (Gabb, 1873, p.
155)
This description fits our localities TU 1221 and 1245
(4.5 and 5 km south of the bridge at Guayubin, respectively) perfectly, for here the on/y shelled fossils
are ““Ostrea”’ haitensis Sowerby, 1850, and Spondylus
gumanomocon
molds).

(other

Although

we

mollusks

are

are reasonably

represented

by

sure this is the

area that Gabb’s material came from, there is one difference between his material and ours: all of his shells
are single valves, gray in color, and most of ours are
paired valves, yellowish in color. So Gabb probably
collected near our localities but not at them. For this
reason, we have not restricted the type locality to one
of our locality numbers.

Although the majority of specimens of S. gumanomocon come from the Mao Adentro Limestone Member of the Mao Formation, the species is not confined
to those beds. Maury (1917, p. 355) cited the species

lected the species at this locality. This is not unexpected
as the locality is a coral reef in the Gurabo Formation.
The Naturhistorisches Museum team also collected a
single valve at Canada de Zamba, in the Rio Cana
drainage (loc. NMB 16818; see Saunders, Jung, and
Biju-Duval, 1986, text-fig. 15) in the coralline facies
of the Gurabo Formation. Furthermore, they collected
one specimen from the Cercado Formation, just above
the mouth of Arroyo Bellaco (loc. NMB 16853; see
Saunders, Jung, and Biju-Duval, 1986, text-fig. 15) near
the coral reef in that tributary, and a second specimen
from the Cercado Formation just below the contact
with the Gurabo Formation on the Rio Cana (loc. NMB
16842; see Saunders, Jung, and Biju-Duval, 1986, text-

fig. 15).
The species S. carmenensis Hodson in Hodson,
Hodson, and Harris, 1927 [p. 41, pl. 25, figs. 1-3],
described from the “Oligocene” of the Buchivacoa District, State of Falcon, Venezuela, but probably coming
from the Miocene La Puerta Group’, agrees in shape
and ornamentation with S. gumanomocon, and was
synonymized by Palmer (1938, p. 155). We see no

reason to disagree.
Comparisons.—Gabb (1873, p. 257) identified this
species as Spondylus americanus Lamarck, 1819 (= S.
americanus Hermann, 1781). Specimens of that species
in the Tulane collections reveal a much more spinose
ornamentation with all radials — primary, secondary,

and tertiary—having spines that tend to be narrowly
and elongately pointed. Given the inherent variability
of species of Spondylus, and the fact that many of the
molluscan

species present

in the fauna

of the Mao

Formation are still living in the western Atlantic or
Caribbean area today, the two forms may ultimately
prove to be the same. Certainly it seems probable that
S. gumanomocon and S. americanus are part of the
same lineage.
Occurrence.—Cercado/Gurabo formations: Rio Cana
area (NMB 16818, 16842, 16853); Rio Gurabo (TU
1231 [? = TU 1215]; NMB 15837). Mao Formation:

* The type locality was given subsequently by Hodson and Hodson
(1931, p. 5) as southeast of Dabajuro, and expanded by Palmer (1938,
p. 154), to “about 10 miles east and 4 miles south of Dabajura [sic]”’.
The type locality for the La Puerta Formation (now Group) is the
La Puerta syncline, southeast of Dabajuro. The Lexico Estratigrafico
de Venezuela (1970, p. 672) indicates only the La Puerta Group in
the Buchivacoa District. It is the lateral equivalent of the Socorro,

Urumaco and Codore formations, just to the east, and the exact
stratigraphic level is uncertain.

mation and the Gurabo Formation, Mao Adentro
Limestone Member of Mao Formation; Dominican
Republic. ?7La Puerta Group, Venezuela; Miocene. Unknown formation, Costa Rica; Pliocene.

Guayubin area (TU 1221, 1245, 1281); Rio Gurabo
area (TU 1208, 1366; NMB 15822, 15825); Rio Mao
(hwWr1336):
Distribution.—Coralline facies of the Cercado ForNEOGENE
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ABSTRACT
Nine echinoid species are reported from the Miocene and Pliocene of the Dominican Republic. Four species are still living in
the Caribbean and two ofthe others closely resemble living species. For this reason it is suggested that living conditions in the
Miocene and Pliocene were very similar to those now present in the region. One new species is described from the early Pliocene:
Clypeaster maoadentroensis.

RESUMEN
Se describen nueve especies de equinoidos del Mioceno y Plioceno en la Reptblica Dominicana. Cuatro especies estan todavia
viviendo en el mar Caribe, y dos de los otros se parecen mucho a especies actuales. Por esta razon, se cree que el ambiente
natural en el Mioceno y Plioceno se parece mucho a él de hoy en la region. Se describe un especie nueva del Plioceno temprano:

Clypeaster maoadentroensis.
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PREVIOUS
Jackson

WORK

(1922, p. 6) studied a small

collection

of

fossil echinoids from the Dominican Republic that is
now in the USNM. In this collection, he identified
seven species, two of them, C/ypeaster concavus Cotteau, 1875 and Brissopsis antillarum Cotteau, 1875,
from beds he considered Oligocene. Four he considered Miocene, including Cidaris sp. a of Jackson (1922),
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Table 1.—Distribution of northern Dominican Republic echinoid species, by formation and age.
age

early Pliocene

species

unit
Mao Fm., Mao Adentro Mbr.
Gurabo Fm.

late Miocene

Cercado Fm.

late early Miocene

Baitoa Fm.

Cidaris melitensis Wright,

1855, Echinopedina

Echinometra lucunter (Linnaeus, 1758)
Clypeaster maoadentroensis, new species
Moira atropos (Lamarck, 1816)
Brissopsis jimenoi Cotteau, 1875
Schizaster doederleini (Chesher, 1972)

Clypeaster caudatus Jackson, 1922
Clypeaster cf. C. sunnilandensis Kier, 1963
Encope aberrans imperforata Kier, 1963
Mellita sp.

cub-

ensis Cotteau, 1881, and C/ypeaster caudatus Jackson,
1922. One species, C/ypeaster dalli (Twitchell in Clark
and Twitchell, 1915), he considered Miocene or Plio-

cene.
Jackson had five specimens from the Cevicos Limestone that he referred to C/ypeaster concavus, but four
of them are only fragments and can not be specifically
identified with any certainty. The one whole specimen
is aberrant, having only four petals, and may be C.
concavus, although its oral surface is not as concave
as is typical in this species. No specimens ofthis species
are present in the new collections.
The specimen from the Cevicos Limestone that

Jackson identified as Brissopsis antillarum is badly
crushed, making positive identification impossible. It
is not conspecific with the specimen in the present
collections referred to Brissopsis jimenoi Cotteau, 1875.

The posterior petals in Jackson’s specimens are straight,
whereas in B. jimenoi they are confluent adapically but
diverge distally.
The Dominican Republic specimens that Jackson
referred to Cidaris sp. a and Cidaris melitensis are
based only on spines. Many cidarid spines are in the
present collection but are not described. The Dominican Republic specimen from the Gurabo Formation
that Jackson referred to Echinopedina cubensis was
considered to be a different species by Lambert (in
Sanchez Roig, 1949, p. 39), who made it the holotype
of anew species, Hebertia jacksoni Lambert in Sanchez
Roig, 1949. However, this specimen is very badly
weathered, with all the tuberculation removed and the
peristome broken away. It cannot be generically identified.
Jackson’s C/ypeaster caudatus is well-represented in
the present collections and one of the new specimens
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20km
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(

Text-figure 1.—Locality map for the sections measured and described by Saunders, Jung, and Biju-Duval (1986). The TU collections were
made in these same areas but in intervening areas also. See Appendix 4 of that work for a complete description of all TU localities.
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is illustrated (PI. 5, figs. 1, 2). The specimen he referred
to Clypeaster dalli is consubspecific with specimens of
that species from the Pleistocene Caloosahatchee Formation and post-Caloosahatchee beds in Florida (Kier,
1963, p. 29). Kier considered C. da/li to be a subspecies
of C. rosaceus (Linnaeus, 1758).

BIOSTRATIGRAPHY
Nine species of echinoids can be identified from the
Neogene of the Dominican Republic (Table 1). Six
occur in the Rio Cana section (Text-fig. 2): one in the
Cercado Formation, four in the Gurabo Formation,
and one in the Mao Adentro Limestone. The oldest
species,
Encope aberrans imperforata Kier, 1963, occurs in the Cercado Formation 150 m above the base
of the Rio Cana section in beds considered of probable
late Miocene age (Saunders, Jung, and Biju-Duval,
1986, text-fig. 16). This subspecies has been reported
elsewhere (Kier, 1963, p. 35) from the post-Caloosahatchee beds and the Tamiami Formation (Buckingham Limestone Member) of Florida. Dubar (in Oaks
and Dubar, 1974) dates the Caloosahatchee as early to
medial Pleistocene and the Buckingham Limestone
Member of the Tamiami as medial to late Pliocene.
Four species occur near the base of the Gurabo Formation (317-350 m above the base of the Rio Cana
section) in beds considered by Saunders, Jung, and

Biju-Duval (1986, text-fig. 16) to be of early Pliocene
age. Brissopsis jimenoi Cotteau, 1875 is reported from
beds in Cuba considered of Miocene age, but this age
determination was made in 1875 and it is not known
from what formation the specimens were collected. B.
jimenoi is very similar and may be synonymous with
Brissopsis elongata Mortensen, 1907, now living in the
Caribbean.
Clypeaster caudatus Jackson, 1922 was originally reported from the Mao Adentro Limestone or Gurabo
Formation of the Dominican Republic. Sanchez Roig
(1949, p. 80) reported the species as occurring in the
Oligocene of Cuba, but most modern workers consider
Sanchez Roig’s “‘late Oligocene” of Cuba as Miocene.
I have not been able to compare the Cuban specimens
with those from the Dominican Republic so I can not
confirm this identification. Gordon (1963, p. 636) con-
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Cotteau, 1875, which is known from the Miocene of
Cuba and lower or middle Miocene of Puerto Rico.
The petals in C. caudatus are less inflated than in the
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species are probably distinct. C. caudatus is also very
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from the Miocene to Recent of the Caribbean region.
Specimens of C. caudatus also occur in the northern
Dominican Republic at Arroyo Lopez. Poddubiuk
(1985) argues that C. rosaceus is derived from C. cub-
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Text-figure 2.—Occurrence of echinoids in the Rio Cana section.

16

BULLETIN 339

ensis and C. caudatus and discusses evolutionary
changes in morphology in the lineage.
Moira atropos (Lamarck, 1816) lives today in the
Caribbean and has been found as fossil in the Pliocene
of South Carolina and Venezuela. Schizaster doederleini (Chesher,

1972) now lives in the Caribbean and

has never before been found as a fossil.

The youngest species in the Rio Cana section, C/ypeaster maoadentroensis, n. sp., occurs low in the Mao
Adentro Limestone, approximately 765 m above the

base of the section. Saunders, Jung, and Biju-Duval
(1986, text-fig. 16) consider these beds to be of late
early Pliocene age. This species is quite distinct from
C. caudatus, which occurs lower in the section in the
Gurabo Formation. I know of no well-dated species of
Clypeaster Lamarck, 1801, with which it has clear affinities.
Three species do not occur in the Rio Cana section.
Mellita sp. is present in the Baitoa Formation, which
is considered older than the Cercado Formation. Eames
et al. (1962, text-fig. 5) place the Baitoa in the middle
or late Burdigalian or late early Miocene. In the Baitoa,
Mellita is represented only by immature specimens
whose affinities with other species are uncertain. C/ypeaster cf. C. sunnilandensis Kier, 1963 occurs in the
Cercado Formation (of probable late Miocene age).
The specimens are only fragments but are quite similar
to, though probably not conspecific with, specimens of

C. sunnilandensis from the Pliocene of Florida. Echinometra lucunter (Linnaeus, 1758) is found in the Mao
Adentro Limestone (of late early Pliocene age, according to Saunders, Jung, and Bijyu-Duval, 1986, text-fig.
16). This species lives today in the West Indies and off

the west coast of Africa. It has been found previously
as fossil from Jamaica, and from the Pleistocene of
Angola and Florida.
Fragments of sand dollars occur at many horizons
in the measured sections at Rio Cana (Saunders, Jung,
and Biju-Duval, 1986, text-figs. 15, 16). They are found
in the Cercado Formation at localities NMB 16836,
16839, and 16842, approximately 228 to 241 m above
the base of the section. They also occur in this section
in the Gurabo Formation at localities NMB 16818 and
16858, 315-322 m above the base. Higher in the section, they occur in the Mao Adentro Limestone at
locality NMB 16873, 690 m above the base. In the
Rio Gurabo section (Saunders, Jung, and Biju-Duval,

1986, text-figs, 5, 6), fragments of sand dollars occur
below the base of the Gurabo Formation at localities
NMB 15904, 15906, 15907, 15910, 15911, 15914, and
15915, which are 110-132 m above the base of the
section. Finally, they occur in the Rio Yaque del Norte
section (Saunders, Jung, and Biju-Duval, 1986, text-

fig. 21) at La Barranca at locality NMB

17268.

PALEOECOLOGY
Because so many of the Dominican Republic echinoid species are still extant, it is feasible to predict how
the fossil echinoids lived.
Encope aberrans imperforata
Kier, 1963 is very similar to Encope aberrans aberrans
Martens, 1867, which according to Serafy (1979, p. 76)
lives from Cape Hatteras south to the Bahama Islands

and throughout the Gulf of Mexico at depths from 1290 m. In the Gulf of Mexico, Serafy reports that it lives
on bottoms of crushed shell and quartz sand.
Brissopsis jimenoi Cotteau, 1875 is very similar to,
and may be synonymous with Brissopsis elongata Mortensen, 1907, which lives along the coasts from Venezuela to Panama, and Belize and Puerto Rico at depths
from 13-72 m. Kier (1975, p. 16) found this species

living buried 40-100 mm in mud at depths of 12-18
m.
Clypeaster caudatus Jackson, 1922 is extinct, but is
very similar to C/ypeaster rosaceus (Linnaeus,

1758),

now living in the Caribbean at depths from intertidal
to 285 m. In the Florida Keys (Kier and Grant, 1965,

pp. 26, 27), this species is abundant in 1-15 m, living

on sand patches in or near fields of turtle grass.
Schizaster doederleini (Chesher, 1972) and Moira
atropos

(Lamarck,

1816) occur

in the Gurabo

For-

mation at the same locality. They also are found living
together today in the Caribbean. Kier (1975, p. 14)
reports the two species living buried 40-100 mm in
mud at a depth of 12-18 m off Belize. Elsewhere M.
atropos has been reported from the coast of North
Carolina south to Brazil from littoral depths to 145 m.
Clypeaster maoadentroensis, n. sp., 18 quite distinct
from any living species. Clypeasterids today are confined to tropical or subtropical regions and commonly
are littoral—-sublittoral, rarely occurring as deep as 500

m (Mortensen, 1948, p. 17). Among living species of
Clypeaster Lamarck, 1801, Clypeaster cf. C. sunnilandensis Kier, 1963 most resembles C. subdepressus
(Gray, 1825), which according to Serafy (1979, p. 66)
is known from North Carolina southward through the
Greater and Lesser Antilles, the Gulf of Mexico, and
southward along the coasts of Central and South America to Brazil. It lives at depths from 5-210 m, but is
most common in less than 50 m. Kier and Grant (1965,
p. 28) found it most abundant between 5 and 12 m on
sandy areas with little grass.

Echinometra lucunter (Linnaeus, 1758) lives today
from Florida to Brazil and off the west coast of Africa.
It is most common

(Kier and Grant,
niches in rock.
In summary,
species are alive
that live today.

in shallow water less than 3 m deep

1965, p. 18) and commonly lives in
seven of the Dominican Republic
today or are very similar to species
All of these living species occur in
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shallow water in the West Indies. Presumably, the conditions where the fossils lived were similar to those
now in the Caribbean.
The most striking aspect of theDominican Republic
echinoid faunas is the large number of Miocene and
Pliocene species that are still extant or are very similar
to species now living. Three of the six early Pliocene
species: Echinometra lucunter (Linnaeus, 1758), Moira
atropos (Lamarck, 1816), and Schizaster doederleini
(Chesher, 1972), are still alive; and a fourth, Brissopsis
jimenoi Cotteau, 1875, may be synonymous with a

living species, B. elongata Mortensen, 1907. The early
Pliocene Clypeaster caudatus Jackson, 1922 is very
similar to the living C. rosaceus (Linnaeus, 1758). Only
one early Pliocene species, C/ypeaster maoadentroensis, N. Sp., 18 clearly distinct from any living species.
Of the two late Miocene species, only Encope aberrans imperforata Kier, 1963 is still extant, although
subspecifically differentiated. The second, C/ypeaster
cf. C. sunnilandensis Kier, 1963 is very similar to the
living C. subdepressus (Gray, 1825). The early Miocene
Mellita sp. appears to be distinct from any living species.
The longevity of the Dominican Republic species is
in sharp contrast to the Neogene echinoid faunas of
the southeastern United States. Only two of the 16
species of echinoids that can be identified with certainty from the Pliocene of the eastern United States
are still alive and both these species are subspecifically
differentiated: Lytechinus variegatus plurituberculatus
Kier, 1963 and Encope aberrans imperforata Kier,
1963. I suspect that the longevity of the Dominican
Republic species is probably an indication that the
environmental conditions in the region remained relatively the same, whereas they changed in the southeastern United States.

SYSTEMATIC

PALEONTOLOGY

INTRODUCTION

The type specimens are housed in the Naturhistorisches Museum, Basel, Switzerland (NMB) and the U.
S. National Museum ofNatural History (USNM). The
localities are either those of the NMB or of Emily and
Harold Vokes of Tulane University, New Orleans, LA
(TU). The stratigraphic and geographic location of all
the NMB localities and some of the TU localities are
plotted on maps and sections in Saunders, Jung, and
Biju-Duval (1986). Other abbreviations used in this
section include: Museum of Comparative Zoology,
Harvard University, Cambridge, MA (MCZ). Many
measured taxonomic characters of echinoids can be
expressed in terms of percent of test length, herein
abbreviated as %L.
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SYSTEMATICS

Genus ECHINOMETRA

Gray, 1825

Echinometra lucunter (Linnaeus,

1758)

Plate 4, figures 1-4
Echinus lucunter Linnaeus, 1758, p. 665.
For a synonymy, see Mortensen, 1943, p. 357.

Kier and Grant (1965) and McPherson

(1969) de-

scribe aspects of the biology of this species.
Five specimens can be referred to this species. They
are identical in all respects to Recent specimens ofthis
species from the Florida Keys (see Pl. 4, figs. 1-4 for
comparison of one of the fossil specimens with a Recent specimen). The fossil and Recent specimens share
a similar number ofplates relative to size, similar number of pore pairs in each ambulacrum, similar tuberculation, and tests of similar elongated shape.
Type material.— Figured specimen, USNM 375449.
Occurrence.—Echinometra lucunter occurs at locality TU 1438 in the Mao Adentro Limestone (Pliocene),

in a roadcut 0.5 km south of the bridge at Guayubin,
on the road to Sabaneta.

Distribution.—Echinometra lucunter lives today in
the West Indies from Florida to Brazil and off the west
coast of Africa. Arnold and Clark (1934, p. 140) report
it as a fossil from Jamaica,

Dartevelle

(1953, p. 38)

found it in the Pleistocene of Angola, Kier (1963, p.
19) found it in the Pleistocene Caloosahatchee Formation of Florida, where Donovan and Gordon (1989)

also reported it in the Pleistocene Falmouth Formation.
Genus CLYPEASTER

Lamarck,

1801

Clypeaster maoadentroensis, new species
Plate 4, figures 5-7; Text-figures 3, 4A

Etymology.—The species is named for the formation
where the holotype was collected.
Material.—One moderately well-preserved specimen, which is somewhat weathered dorsally but whose
test appears to be undistorted.

Shape and size.—Test, 98 mm long, 84 mm wide,
and 44 mm high; greatest width central, greatest height
slightly posterior to center, with test sloping more
sharply posteriorly than anteriorly. Petals only very
slightly inflated. Ventrally, test depressed deeply only
in immediate vicinity of peristome.
Apical system.—Monobasal, five genital pores, center of apical system located slightly posterior to center
at distance from anterior margin equal to 53 %L.
Ambulacra.—Petals long, extending almost to margin of test; anterior petal III slightly longer than other
petals, length = 44 %L, petal IV = 39 %L, petal V =
42 %L; width of petals = 23-25 %L. Poriferous zone
at greatest width = 5.5 %L, or 39 percent of the width
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of interporiferous zone at its greatest width. Petals closing distally with poriferous zone of same petal almost
in contact; petal III with 80 pore pairs (in both zones),
petal IV with 84, and petal II with 82. Distinct ambulacral groove extending ventrally from near margin
to peristome.
Peristome.—Situated slightly posterior to center with
center of peristome located at distance from anterior
margin equal to 54 %L. Size of opening uncertain because of fracturing around peristome.
Periproct.—Located near posterior margin, opening
wider than high with width = 5.4 %L, height = 5.1
%L. Sutures not clear enough to determine which plates
enclose periproct.
Diagnosis.—Species characterized by smooth dorsal
surface with petals only slightly inflated, pore pairs
widely separated from each other, resulting in fewer
pore pairs in petals, ventral surface depressed only in
vicinity of peristome.

Type material.— Holotype, NMB M9746.
Comparison with other species.—This species is distinguished from Clypeaster caudatus Jackson, 1922,
which occurs lower in the Rio Cana section by its
longer petals, wider poriferous zones, and in having
the pore pairs in its petals more widely separated from
each other in the same poriferous zones, resulting in
fewer pore pairs in each petal. For example, a specimen
of C. caudatus (NMB catalogue number unknown) with
a petal II that is 39 mm long has 120 pore pairs, whereas the holotype of C. maoadentroensis, having a slightly longer petal (43.2 mm), has only 80 pore pairs. The

greatest

distance

between

two

adjacent

outer

much nearer the posterior margin, a more posteriorly
situated peristome, a blunter posterior margin, and a
narrower anterior.
Occurrence. —Early Pliocene, Mao Adentro Limestone, locality NMB 17022, Rio Cana section (Saunders, Jung, and Biyu-Duval (1986, text-fig. 15). E. Vokes
(written commun., 1984) considers this formation to
be middle Pliocene in age.
Clypeaster caudatus Jackson,

1922
Plate 5, figures 1, 2; Text-figure 4B

Clypeaster caudatus Jackson, 1922, p. 36; pl. 3, figs. 1, 2; Sanchez
Roig, 1949, p. 80, pl. 10, fig. 2; ?Gordon, 1963, p. 636.

Eight specimens and four fragments can be referred
to this species, whose holotype is also from the Dominican Republic. They are similar to the holotype in
having only slightly inflated petals, which close distally
with their poriferous zones meeting at the end of each
petal. Their tests are also relatively wide (84 to 94 %L)
and their ventral surfaces are deeply depressed around
the peristome.
Gordon (1963, p. 636) considered this species a syn-

onym

of Clypeaster cubensis Cotteau,

1875. I have

compared the Dominican Republic specimens with the
specimens that Gordon referred to C. cubensis from
the Miocene Ponce Limestone of Puerto Rico. Although they are very similar, the Dominican Republic
specimens have less inflated petals. Whether or not

pores

(measured along the length of the petal) near the mid-

length (Text-fig. 4A) of petal III in the holotype of C.
maoadentroensis is 1.3 mm, but is only 0.8 mm in C.
caudatus (Text-fig. 4B) in petal III of a specimen of
similar size. Furthermore, the peristome in C. maoadentroensis is slightly posterior to the center, whereas it
is central in C. caudatus. Finally, the ventral surface
is depressed only around the peristome in C. maoadentroensis instead of over much of the ventral surface
in C. caudatus. Although the relative inflation of the
petals, position of the peristome, and shape ofthe test
are characters that vary considerably within a species
of Clypeaster, the distance between pore pairs in a
poriferous zone is fairly constant, and therefore a reliable character for specific differentiation.
Of all the other species of C/ypeaster from the West
Indian region, C. maoadentroensis most resembles
Clypeaster duchassaingi Michelin, 1855 from the “‘formations madréporiques” of Guadeloupe. C. maoadentroensis differs in having its apical system posterior
to the center of the test, as opposed to anterior in C.

duchassaingi, in having its posterior petals extending

Text-figure 3.— C/ypeaster maoadentroensis, n. sp., dorsal view of
holotype, NMB

M9746,

x1.
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this difference is significant will not be known until
more specimens can be studied. As pointed out by Kier
(1963, p. 29), the extent of inflation of the petals is
very variable in C/ypeaster rosaceus (Linnaeus, 1758),
a species quite similar to C. caudatus.
Type material.—Holotype, USNM 328235; paratype, USNM 328236; figured specimen, NMB M9747.
Occurrence.— According to Jackson (1922, p. 36),
the holotype of Clypeaster caudatus came from float
from the Gurabo Formation, or the Mao Adentro
Limestone, Rio Gurabo, near Los Quemados, Dominican Republic. The new material is from locality NMB
16858 (Saunders, Jung, and Biyu-Duval, 1986, textfigs. 15, 16) in the Rio Cana section 320 m above the
base of the section near the base of the Gurabo Formation, from beds considered to be of early Pliocene
age; and localities NMB 17272, 17274 (Saunders, Jung,
and Biju-Duval, 1986, text-figs. 24, 26) in the Arroyo
Lopez section, beds B and D. The Vokes’ material
came from locality TU 1215, Gurabo Formation, Rio
Gurabo, from bluffs on both sides, from the ford on
the Los Quemados-Sabaneta road, upstream to approximately | km above the ford (= locs. USGS 85398543; Maury’s Zone D), and locality TU 1444, Gurabo
Formation, Rio Yaque del Norte, east bank, at Lopez,
appoximately 0.5 km upstream from the mouth of
Arroyo Lopez, between the middle and lower hard
limestone ledges.
Distribution. —Clypeaster caudatus was reported by
Sanchez

Roig

(1949)

from

El Jobo,

near

Puriales,

\\
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Guantanamo, Oriente Province, Cuba. He attributed
a late Oligocene age to the specimen, but it would
probably now be considered Miocene.
Clypeaster cf. C. sunnilandensis Kier, 1963
Plate 6, figures 1, 2
cf. Clypeaster sunnilandensis Kier, 1963, pl. 3, fig. 3, pls. 12, 13.

The three fragments

recovered

appear

to be very

similar to C. sunnilandensis from the Pliocene Tamiami Limestone of Florida. The test of one of the fragments is wider more anteriorly than in specimens of
C. sunnilandensis and the test appears to be lower.
These specimens probably represent a new species, but
with only three fragments, none of which show the

ventral surface, it is not possible to make this determination.
Type material.— Figured specimens, USNM 375450,
375451.
Occurrence.— The form here compared to C/ypeaster
sunnilandensis was recovered from locality TU 1223,
Cercado Formation, roadcut 5.3 km north ofthe plaza
at Moncion, on the road to Los Quemados.

Distribution.—Clypeaster sunnilandensis is known
from the Pliocene Tamiami Limestone of Florida.
Genus ENCOPE

J. L. R. Agassiz,

1841

Encope aberrans imperforata Kier, 1963
Plate 6, figure 3
?Encope wiedenmayeri Jeannet, 1928, p. 17.
?Encope michelini J. L. R. Agassiz. Cooke, 1961, p. 17.
Encope michelini imperforata Kier, 1963, p. 33, pl. 5, fig. 1; pl. 6,
figs. 3, 4, text-figs. 25-30, table 2; Phelan, 1972, pp. 117, 125,
126.

One specimen showing its dorsal surface appears to
belong to this subspecies, originally assigned to Encope
michelini J. L. R. Agassiz, 1841. Subsequently Phelan
(1972) revised the genus and showed that FE. aberrans

Martens, 1867 should be maintained as a species separate from E. michelini, and that E. michelini imperforata should be referred to E. aberrans.
E. aberrans imperforata was based on specimens
from the Plio-Pleistocene Caloosahatchee and Tamiami formations of Florida. This subspecies is similar
in all respects to the living E. aberrans aberrans except
that its posterior closed lunule is quite small or absent,
whereas it is always fully developed in the living species.
The specimen from the Dominican Republic also has

Len
A

a smaller posterior lunule. Although its posterior petals
are longer than the other petals, and its test narrower

B

Text-figure 4.—Comparison ofleft poriferous zone of petal III of

Clypeaster maoadentroensis (A) and C. caudatus (B) showing greater
width separating pores of a pore pair in C. maoadentroensis and
greater distances between adjacent pore pairs. A, holotype,
M9746; B, figured specimen, NMB M9747, x3.

NMB

than normally found in E. aberrans, I have seen a few
modern specimens of EF. aberrans that are as narrow
and have posterior petals longer than the anterior.
The specimens from the Miocene or Pliocene of Ven-

20
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ezuela that Jeannet (1928, p. 17) referred to Encope
wiedenmayeri Jeannet, 1928, and Cooke (1961, p. 17)

referred to Encope michelini J. L. R. Agassiz, 1841,
may be consubspecific with E. aberrans imperforata.
More specimens are needed before this assignment can
be made with any certainty.
Type material.—Florida specimens: holotype,
USNM 648167; figured specimens, USNM 648168648172: Dominican Republic figured specimen, NMB
M9748.
Occurrence.—Encope aberrans imperforata has been

Type material.— Figured specimen, USNM 375452.
Occurrence.—
Late early Miocene, locality TU 1253,
Baitoa Formation, roadcut on the west side of road
from Santiago de los Caballeros to Baitoa, 1 km north
of the village of Baitoa (= loc. USGS 8559). Locality
TU 1362 (Saunders, Jung, and Biju-Duval 1986, textfig. 21), Baitoa Formation, trail that leads to top of
bluff, east side of Rio Yaque del Norte, just downstream from Baitoa. Locs. NMB

recovered in the present collections from locality NMB
16857 (Saunders, Jung, and Biyu-Duval, 1986, textfigs. 15, 16), late Miocene from the Rio Cana section,
150 m above the base.
Distribution.— Florida: Plio-Pleistocene post-Caloosahatchee beds, and Caloosahatchee and Tamiami
formations (see Kier, 1963, p. 35 for exact localities).

Specimens questionably consubspecific with E. aberrans imperforata have been reported from the Miocene
or Pliocene of Venezuela (Jeannet, 1928; Cooke, 1961).

Genus MELLITA

J. L. R. Agassiz, 1841

Mellita species
Plate 6, figures 4, 5
Eight small specimens can be referred tentatively to

this genus. Although they have five ambulacral notches
and their periprocts are outside the basicoronal plate,
characters (Kier, 1963, p. 44) commonly found in Leodia Gray, 1852, they have more affinities with Mellita,
including: (1) a posterior lunule that extends far anteriorly between the posterior petals; (2) paired interambulacra separated from the basicoronal row by one
pair of ambulacral plates; (3) the first pair of postbasicoronal plates in the paired interambulacra elongated: and (4) lunules formed by the closing of marginal
notches.

These specimens appear to represent a new species
but because no large specimens are present it seems
inadvisable to erect one. They differ from Mellita aclinensis Kier, 1963, from the Plio-Pleistocene of the
southeastern United States, in having a wider posterior
lunule and the periproct not partly within the basi-

coronal interambulacral plate. They differ from Mellita
quinquiesperforata (Leske, 1778), now living in the Caribbean, in having five instead of four ambulacral
notches, and their periproct more posterior and outside
of the basicoronal plate. No small specimens ofMellita
caroliniana (Ravenel, 1841) from Plio-Pleistocene beds

in South Carolina are available, so it is difficult to
compare these specimens to this South Carolina species.
However, the periproct in M. caroliniana is within the
basicoronal plate (Kier, 1972, fig. 4), whereas in the
Dominican Republic specimens it is posterior to it.

16943, 17282, 17283,

17290 (Saunders, Jung, and Biju-Duval, 1986, text-fig.
25), Lopez section of Rio Yaque del Norte.
Genus MOIRA

A. Agassiz, 1872

Moira atropos (Lamarck,

1816)

Plate 7, figures 3, 4
Spatangus atropos Lamarck, 1816, p. 32.
For synonymies, see Mortensen, 1951, p. 329, and Serafy, 1979, p.
91.

The single specimen recovered in this study is indistinguishable from specimens of this species now
living from the coast of North Carolina and Bermuda
through the Caribbean, Gulf of Mexico, and south to
Brazil. Although the specimen is distorted and partially
covered with a hard matrix, enough ofthe test is visible
that it can be referred with certainty to M. atropos. Its
petals are like those in Recent specimens, deeply sunken but constricted dorsally where the interambulacra
almost meet above them. The petals of the fossil and
Recent specimens have similar length and shape, and
ambulacrum III is similar. Furthermore, the shape of
their tests are the same, as are the positions of their
apical system and peristome. The positions of both the
peripetalous and lateroanal fascioles are the same, al-

though because of preservation it is not possible to
determine which plates the fascioles occur on in the
fossil specimen.
Type material.— Figured specimen, USNM 375453.
Occurrence.—Early Pliocene, Gurabo Formation,
locality TU 1354, Canada de Zamba, a tributary on
the west side of the Rio Cana, approximately 2.5 km
east of the village of Zamba, which is 7 km north of
Cruz de Santiago (Santiago Rodriguez), on the road to

Guayubin; or 4.5 km (airline) below the ford at Caimito
(see Saunders, Jung, and Biju-Duval, 1986, text-fig.
15).
Distribution.—Moira

atropos (Lamarck,

1816) has

been found (Cooke, 1959, p. 74) in beds now considered of Pliocene age in the Intracoastal Waterway canal

in Horry County, South Carolina, one-half to 1 mi
southwest of the bridge on US 17 near Nixons Crossroads, about 15 mi northwest of Myrtle Beach (loc.
USGS

18759). Cooke (1961, p. 22) reports the species

from the Pliocene San Gregorio Formation, Rio Seco
area, Falcon, Venezuela.
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Genus BRISSOPSIS J. L. R. Agassiz, 1840
Brissopsis jimenoi Cotteau, 1875
Plate 7, figures 1, 2; Text-figures 5A, 5B
Brissopsis jimenoi Cotteau, 1875, p. 6; Cotteau, 1881, p. 33, pl. 3,
figs. S—9; Cotteau, 1897, p. 79, pl. 24, figs. 5-9; Jackson, 1922, p.
81; Jeannet, 1928, p. 12, pl. 1, fig. 35; Sanchez Roig, 1949, p. 225;

Kier, 1984, p. 87, pl. 46, figs. 1, 2.

Material.—Only a single specimen is available. It
was originally covered with a sandy silt matrix, with
most of its spines still attached to the test, showing
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that the test was covered at or very soon after death.
The test is flattened and weathered, obscuring the fascioles.

Shape and size.—Test, 65 mm long, 54 mm wide
(83 %L), height, 25 mm (38 %L).
Apical system.—Central, located at distance from
anterior margin to center of genital pores equal to 50
%L. Four genital pores, ethmolytic with genital plate
2 extending far posteriorly.
Ambulacra.— Anterior ambulacrum not petaloid, in
groove extending from apical system to peristome; pore
pairs largest adapical to peripetalous fasciole: minute
between fasciole and phyllode; 56 plates in ambulacrum. First enlarged pore pairs in plate 7.
Anterior petals (II and IV) curved convexly anteriorly with their greatest width near end of petal; depressed in groove. Span of ends of petals = 42.6 %L.

Short, with length slightly greater than one-half distance from apical system to ambitus; length = 21 %L;
greatest width = 8.1 %L; 44 petaloid pore pairs in each

petal; pore pairs in anterior poriferous zones reduced
in size adapically. First petaloid pore pair in plate 12.
Posterior petals (V and I) confluent for three-fifths
distance from apical system to end of petals, sharing
common groove; curving away from each other distally; short, length = 25 %L; greatest width = 6.3 %L:
48 pore pairs. Petaloid pore pairs in posterior poriferous zones greatly reduced in size from apical system
for three-fifths length of petal. First petaloid pore pair
in plate 19.

Peristome.—Anterior, distance from anterior edge
of peristome to anterior margin = 24 %L: width of
opening = 21 %L; height = 7 %L.
Periproct.—Inframarginal, large, width = 15 %L,
height = 12 %L, occurring within plates 5-9.
Fascioles.—Only short tract of peripetalous fasciole
preserved in lobe extending anteriorly in anterior ambulacrum (III), crossing plate 7 at distance from apical
system = 36 %L.
Oral plate arrangement.—Labrum extending to second adjoining ambulacral plate (Text-fig. 5B), with
length = 6.6 %L; sternal plate (first plate of plastron)
length = 41 %L (estimated), combined width = 31 %L:
episternal plate (second plate of plastron) length = 14
%L, combined width = 32 %L.
Type material.—Lectotype in the Cotteau Collection, Université Claude Bernard, Lyon, France. Dominican Republic figured specimen, NMB M9749.
Remarks.—This Dominican Republic specimen appears to be conspecific with the holotype of B. jimenoi.

B
Text-figure 5.— Brissopsis jimenoi Cotteau, A, dorsal view; B, ventral view, NMB M9747, x1.

The two specimens are of similar shape, have similar
petals, and labrum and sternal plates of similar dimensions. Because the Cuban holotype is a cast, description of the Dominican Republic specimen herein

BULLETIN 339

NO i)

is justified; it exhibits features not visible on the holotype.
Comparison with other species.—This species differs
from Brissopsis aguayoi Sanchez Roig, 1952, from the

Oligocene-Miocene of Cuba in its larger, lower and
longer anterior petals. It is distinguished by its shorter
petals from Brissopsis antillarum Cotteau, 1875 from
the Miocene Anguilla Formation of Anguilla and the
Miocene La Vela Formation in Venezuela. Its anterior

petals extend little over one-half the distance from the

apical system to the margin, but in B. antillarum these
petals extend two-thirds this distance. Furthermore,
the test in B. jimenoi is more elongate, and lower.
B. jimenoi has a much lower test and less divergent
and more curved petals than the specimen from the
Miocene

of Costa

Rica that Durham

(1961, p. 484)

referred to Brissopsis, N. sp.
This species is very similar and may be synonymous
with Brissopsis elongata Mortensen, 1907, now living
in the Caribbean. The two species are similar in the
following features (the dimensions for B. elongata are
from Chesher, 1968):

1. Width of the test: 83 %L in B. jimenoi; mean of

82.3 %L in B. elongata, with a range from 77-86 %L.

2. Labrum extends to the second adjoining ambulacral plate in both species.
3. Same number of adjoining ambulacral plates along
the plastron plates with the sixth ambulacral plate occurring at the suture between the first and second plates
of the plastron.
4. Posterior petals confluent proximally, very divergent distally. Although many specimens of B. elon-

gata do not have their posterior petals as divergent,
Chesher (1968, pl. 15, fig. a) shows a specimen with
petals of similar shape to those in B. jimenoi.
5. In both species, the first petaloid pore pair in an
anterior petal is in plate 12, and the first in a posterior
petal is in plate 19.
6. The peristome is in a similar position. In B. jimenoi, it is located at a distance from the anterior
margin equal to 24 %L; in B. elongata it is at 25 %L
with a range of 23-28 %L.
7. The periproct in B. jimenoi is enclosed by interambulacral plates 5-9; in B. elongata by interambu-

posterior than in most specimens of B. elongata, with
a distance equal to 50 %L versus a mean of 38 %L in
B. elongata (no range given by Chesher), some specimens of B. elongata have their apical system as posterior. In three specimens from Belize in the USNM,
the distance ranges from 44 to 52 %L.
Although these species appear identical, I hesitate
to place them in synonymy. Nothing is known of the
pedicellariae in B. jimenoi, and with only two specimens known of B. jimenoi (each from a different locality), it is not possible to make a statistical comparison of populations of the two species. Furthermore,
the position of most of the length of the fascioles is
unknown on the fossil specimens. This feature has been
shown by Chesher to be very important systematically
in Brissopsis. Finally B. elongata is junior to B. jimenoi, and it would be unfortunate to synonymize this
well-known living species with a fossil species based
on a holotype which is only an internal mold.
Jackson (1922, p. 83) referred a Dominican Republic
specimen to Brissopsis antillarum Cotteau, 1875. This
specimen in the USNM (uncatalogued) is from the
Cevicos Limestone, Arroyo La Mora, west of Cevicos.
It is badly crushed and can not be specifically identified
with any certainty.
Occurrence.—Early Pliocene, near base of Gurabo
Formation, locality NMB 16824 (Saunders, Jung, and
Biju-Duval, 1986, text-figs. 15, 16) 317 m above base
of Rio Cana section.
Distribution.—Cuba, Miocene?, San Martin Cienfuegos, Las Villas Province.

Jeannet’s (1928, p. 12)

specimen from the middle Miocene of Trinidad may
or may not belong to this species.
Genus SCHIZASTER

J. L. R. Agassiz, 1835

Schizaster doederleini (Chesher,

1972)

Plate 7, figure 5; Plate 8, figures 1-6; Text-figure 6

lacral plates 5-8.

8. The span of the ends of the anterior petals is 42.6
%L in B. jimenoi, 48.8 %L in B. elongata with a range

of 39-56 %L.
9. The peripetalous fasciole crosses ambulacrum

Ill

at a distance from the apical system of 36 %L in B.
jimenoi. In B. elongata the mean ofthe distance is 38.9
%L with a range of 34-43 %L.
10. The length of the first plastron plates in B. jimenoi is 41 %L in both B. jimenoi and B. elongata.
11. Although the apical system in B. jimenoi is more

Text-figure 6. — Schizaster doederleini (Chesher), oral view, figured
specimen, USNM 375456, *2.
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Paraster doederleini Chesher, 1972, pp. 10-25, figs. 1-9; Kier, 1975,
p. 9, pls. 7, 8, figs. 1-5, text-figs. 7, 8.
Schizaster orbignyanus A. Agassiz, 1880. Serafy, 1979, fig. 37A.

Twenty-four Dominican Republic specimens can be
referred to this species, which now lives in the Caribbean off Belize and Florida, and in the GulfofMexico
offthe Dry Tortugas. Their dimensions are very similar
to those of a living population of this species from
Belize (Table 2). The specimen that Serafy (1979, fig.

37A) referred to Schizaster orbignyanus A. Agassiz,
1880 is S. doederleini.
The fossil specimens differ only in having slightly
shorter petals with a narrower span. Furthermore, the
fossil specimens are similar to the Recent specimens
in having very small anterior genital pores, similar
number of pore pairs in ambulacrum III within the
peripetalous fasciole (a fossil specimen 35.6 mm long
has 56 pore pairs, a Recent specimen 36.7 mm long
has 58), and similar number of petaloid pore pairs. In
both the fossil and Recent specimens the peripetalous
fasciole crosses plate 4 in ambulacrum III, plate 11 or
12 in ambulacrum IV, and in both populations the
labrum extends back (Text-fig. 6) to the posterior portion of the first adjoining ambulacral plate on the anterior portion of the second. Finally, both have the
periproct within interambulacral plates 5-8.
Type material.—Holotype, USNM E11376; paratypes, MCZ 8397c, 8397d; figured specimens, USNM
E13735, 13749, 13743-13750, E30468. Dominican
Republic fossil figured specimens, USNM 375454,
375455, 375456.
Comparison with other species.—This species is easily distinguished from any fossil species known from
Table 2.—Schizaster doederleini (Chesher): comparison of northern Dominican Republic fossils with Recent specimens from Carrie
Bow Cay, Belize.

mean percent of length
fossil

Recent

(min/max)

(min/max)

width
height
apical system to anterior

90.3 (87-94)
73.1 (69-80)

96
(92-99)
73.8 (70-80)

margin
apical system to fasciole on
ambulacrum III
length of anterior petal

53

(49-59)

53

(48-57)

50.
31.7
11.2
15
8.4
24.4
Sil,

(46-53)
(30-33)
(10.8-12.3)
(14.1-16.3)
(7.7-10.0)
(19.4-27.2)
((47—5'5)

53
33
12
16
9
20
58

(48-56)
(34-38)
(9-14)
(14-19)
(7-11)
(15-25)
(55-62)

width of anterior petal
length of posterior petal
width of posterior petal
peristome to anterior oftest
span of anterior petals
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the region. It differs from Schizaster delgadoi (Sanchez
Roig, 1953) from the Miocene of Cuba by its much
smaller test, with more central apical system, shorter
posterior petals, wider anterior petals that distally curve
anteriorly instead of the reverse, wider ambulacrum
III, and more posterior peristome. It differs from Schizaster fernandezi Sanchez Roig, 1952, also from the
Miocene of Cuba, in its more central apical system,
and wider ambulacrum III, which has more enlarged
pore pairs, 50 in a specimen 26 mm long as opposed
to only 28 in a specimen of the same size of S. fer-

nandezi.
It differs from Schizaster cartagensis (Sanchez Roig,
1949) from the Oligocene—Miocene of Cuba by its much
shorter and wider petals, and from Schizaster rojasi
Sanchez Roig, 1952, in having wider petals, and a higher
test with its greatest width more posterior. Its posterior
petals are shorter and the anterior petals more curved

anteriorly than in Schizaster sanctmariae Sanchez Roig,
1949 also from the Oligocene—Miocene of Cuba. Of all
the Oligocene—Miocene Cuban species, S. doederleini
most resembles Schizaster munozi Sanchez Roig, 1949,
from which it differs in having shorter, wider posterior
petals and wider interior petals.
S. doederleini is easily distinguished from the Pleistocene Schizaster eustatii (Engel,

1961) from the Ca-

ribbean island of St. Eustatius by having many more
pore pairs in the dorsal part of ambulacrum III within
the peripetalous fasciole. Only 32 pore pairs occur in
this region in S. eustatii, whereas in a specimen of
similar size of S. doederleini, 50 pore pairs are present.
Furthermore, the anterior petals in S. eustatii curve
posteriorly, whereas in S. doederleini they curve anteriorly.
Occurrence.—Schizaster doederleini is known as fossil from the early Pliocene, near the base of the Gurabo
Formation, locality NMB 16862 (Saunders, Jung, and
Biju-Duval, 1986, text-figs. 15, 16), Rio Cana section,
350 m above the base; locality TU 1354 (at approximately same stratigraphic level in Gurabo Formation
as loc. NMB 16862), Canada de Zamba, a tributary on
the west side of the Rio Cana, approximately 2.5 km
east of the village of Zamba, which is 7 km north of
Cruz de Santiago (Santiago Rodriguez), on road to
Guayubin; or 4.5 km (airline) below the ford at Caimito.

Distribution.—This species has been reported by
Chesher (1972) and Serafy (1979) living off Colombia
and Florida, but Kier (1975, p. 11) suggests that Chesher’s Colombian specimens probably belong to another
species.
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1. Left valve, BMNH LL 9946 (lectotype),
#4. Gurabo Formation, locality
unknown. Height 100 mm, length 101.5 mm. a, exterior
view; b, interior view.
BMNH LL 25706 (paralectotype). Gurabo Formation, locality unknown. Height 89 mm, length 81 mm, diameter of paired
N
valves 62 mm. a, exterior of right valve, x1; b, dorsal view of paired valves, x 2.
3. Right valve, USNM 450387 (hypotype). Gurabo Formation, Rio Gurabo area, locality TU 1278. Height 114 mm, length 88
mm. a, exterior view, x +4; b, enlargement of portion of valve, x 3.
4:oSpondylus americanus Hermann
.). 02ie.crte
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Right valve, USNM 450388 (hypotype), x 2. Bowden Formation, Jamaica, locality TU 705. Height 31.8 mm, length 34.6 mm.

BULLETINS OF AMERICAN

PALEONTOLOGY,

VOLUME

102

PLATE

|

VOLUME

102

PLATE 2

__——

PALEONTOLOGY,

eR,

BULLETINS OF AMERICAN

me
Sas

me
FD
eer
pete
5

DOMINICAN

REPUBLIC NEOGENE.

EXPLANATION

12 AND

13

29

OF PLATE 2

"ge
Page
MPS PONG VIUSTDOSUFVCRILESIGUDDYE eyereeiaies= isieterecisaotarstaat late eats ie i 3 veyaysceayo-s¥auey alsha¥otlfonstaleyaverseclslaVadaserstayaie eereetess iolfoieneloloror Oreo
8
NMB G 16963 (hypotype), <1. Rio Cana, Gurabo Formation, locality NMB 16821. Height 80 mm, length 75 mm, diameter of
paired valves 57 mm. a, exterior view ofleft valve; b, exterior view of right valve; c, anterior view of paired valves; d, dorsal view
of paired valves.
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2. Left valve, USNM 450389 (hypotype). Rio Gurabo, Gurabo Formation, locality TU 1211. Height 54.5 mm, length 53 mm. a,
exterior view, <1'2; b, enlargement of portion of valve, x3.
3. Left valve, AMNH 22514 (lectotype), =x 1'2. Guanica Limestone (= Ponce Limestone), Puerto Rico. Height 33 mm, length 28
mm (from Maury, 1920, pl. 5, fig. 10).
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Figure
1-4. Spondylus gumanomocon Brown and Pilsbry ...
il Right valve, ANSP 2869 (lectotype), x ¥. 7Mao Formation, locality unknown. Height 175 mm, length 115 mm.
Left valve, ANSP 72724B (paralectotype), <¥4. 7Mao Formation, locality unknown. Height 96.5 mm, length 94 mm.
Right valve, ANSP 72724C (paralectotype), x34. ?Mao Formation, locality unknown. Height 126 mm, length 97.5 mm.
. USNM 450390 (hypotype), x1. Guayubin, Mao Formation, locality TU 1221. Height 81 mm, length 56 mm, diameter ofpaired
wh
valves 47 mm. a, anterior view of paired valves; b, exterior view of left valve; c, exterior view of right valve.
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Figure
14.

Bem

Echinometra lucunter (Linnaeus,
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Page
1758)

..........

1. Dorsal view of Recent figured specimen (USNM 30469) from 1 m depth in holes in rock off Rodriguez Key, Florida Keys,
x2.
2-4. Dorsal, ventral, and right side views of figured specimen (USNM 375449) from locality TU 1438 in the Pliocene Mao Adentro
Limestone, in a roadcut 0.5 km south of the bridge at Guayubin on the road to Sabaneta, x 2.
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Left side, dorsal, ventral views of the holotype (NMB M9746) from locality NMB 17022, early Pliocene, Mao Adentro Limestone,
765 m above the base of the Rio Cana section (Saunders, Jung, and Biju-Duval, 1986, text-figs. 15-16), <1.
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Dorsal and right side views of figured specimen (NMB M9747) from locality NMB 17274, bed B, Arroyo Lopez section (Saunders,
Jung, and Biju-Duval, 1986, text-fig. 26), x11.
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1. Dorsal view of figured specimen (USNM

oe

375450) from the late Miocene Cercado Formation at locality TU

km north of plaza at Moncion, on road to Los Quemados, ~ 1.
2. Dorsal view of figured specimen (USNM 375451) from same locality
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Dorsal view of figured specimen (NMB 9748) from locality NMB 16857,
and Biyu-Duval, 1986, text-figs. 15, 16), x1.
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Dorsal and ventral views of figured specimen (USNM 375452) from early
Jung, and Biyyu-Duval, 1986, text-fig. 21), x2.
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Dorsal and ventral views of figured specimen (USNM 375453) from locality TU 1354, early Pliocene, Gurabo Formation

Jung, and Biju-Duval, 1986, text-fig. 15), x2.

ee
at locality
x1.

20

(Saunders,

sacle Saisie
5. Schizaster doederleini (Chesher, 1972) ........... 222-2 cee eee cece nee see eee nee ree eet cree seas eseeente ene elels
and
Jung,
(Saunders,
Formation
Gurabo
Pliocene,
early
1354,
TU
locality
from
375454)
(USNM
specimen
figured
of
Dorsal view

Biju-Duval, 1986, text-fig. 15), x3.

Page
21

22

BULLETINS OF AMERICAN

PALEONTOLOGY,

VOLUME

102

PLATE 7

BULLETINS OF AMERICAN

PALEONTOLOGY,

VOLUME

102

DOMINICAN

REPUBLIC NEOGENE.

EXPLANATION

12 AND

13

OF PLATE 8

Figure
Lome Sclhizasterdoederlert (GheshersaliOs)/2) ieceeste

35

Page
rates

hes heat

thse

NE
en
en
ss crue ee
te ea.
30468), Recent, from depth of 15 m in mud fields west of Water Cay,

1, 2. Dorsal and ventral views of figured specimen (USNM
Belize (Kier, 1975, fig. 1), <2.
3-5. Dorsal, ventral, and front views offigured specimen (USNM 375455) from locality TU 1354, early Pliocene, Gurabo Formation
(Saunders, Jung, and Biju-Duval, 1986, text-fig. 15), x3.
6. View of peristome of figured specimen (USNM 375456) from locality TU 1354, x 4.5.

22

DOMINICAN

REPUBLIC NEOGENE.

12 AND

13

Bi7/

INDEX

Note: Page numbers are in light face; plate numbers are in bold face type; the page numbers on which principal discussions occur are in italics.

REVELL CLIISBETICOD Came soc ercsacc dec ees feestnssaccsat ee seca eeee ene satete nse
19
DET OMSTADETLANS) LIVICODE® teers ce eseruesceteccsesstnte
secneetncetenee- 16,19
aberrans imperforata, Encope .............. Ota:
14-17,/9,20,33
BLUME TISISMUVACIIILG Men ieee cect ce sods seecuisaanden teeatianiacnets meade cde msoeere 20
Africa,
Angola .........
Morocco
ae
SONG Ral lec scessausissvenescdyscassccvactescesevessodeee levesseesvesescscseesssss

WVESLECOAS UBsrctnor ecesi uncacts sicaastorsee Gantenstarcectecmaeeeeeeet
PNTASSIZAP ANTE (OID) ce crea ban ce cde se cuss uta aa Suet sbicmesaaP nese eaean cat cere see 20
BND ASSIZ PAG (1S 80) fete rot Sod crates soee ices susacsenascevtees
eecereecee trues 23
EXEASSIZ Ped eRe (11839) secre vec sineceevsceseane.deetesccunavscsezaviacs
“och 22

ENRASSIZAMI

SLEW (SAO) i..cccvcs.aceecectasgest
erectncesie estedawen scene deere 21

EXDASSLZ MI eaEMR MNS Fil) kace caenaaut oncuceecensuesneaermogneoca
teeeteee 19,20
BEOULYOL T ISS ODSIS) caveniew sce xs oon sceen tee cesesevessic vesecdonecesecensesteee 22

ENOUEPNEXGUMCSEONMALON

eyccesc.ceneceveve.ssnesscuacoceccesenudensceesece

Caribbean
MELIONG see teceras sheet en es otee ease nee
6,10-12,15
Seales
eo Ssssoss casts eon
ee
10,12,13,15-17,20,22,23

CATIMENENSIS WSDONAVIUS

eres, cena

eaeete nate nee ence ene seet on

silo

CarolinianayMellitammnse
wesc. sites ne ieer ee eedeescen cece tetera 20
CATLASENISISHAS CHIZASLClmme
ree eee nn nee
ee 23
CaudatusnGlypedstervessscs.2
stone esteseeeeee Caste
14-17,/8,19,32
CentralbAm ericarie..catsencates
niece eee coe
ere
eee 16
Belize a racosch nats Conse een etic at scc sone Coen coc cneenenntotees 16,22,23
@arrie/ BOW: Cayiissiactscticcecce
csCoat enee ean ee
23
Wiater{ Caymanian
ctencce ctr ene nec cee totee as Sore Sewers ene is 35
GostaiRicass
4s teers nt ce eer ences eee
INTEXI CO Meares ese
eect
ee ree
ee
ee
ees
Rana manent socacaehvsk seca sen acta re ceek ee ken te eee eee
11,16

8

AMeriCantropiCal. seACIhG:COASY sec asavscosescssstcseuvssecueesoceeerssssess 7
PIEFICANUS VSDOMGYIUS) .cczsccaececsscostcseeces
ous We esrecs 8,10-12,28
AMNH [American Museum of Natural History, New York, NY]

Chenu (1842-1853)

SOROS OSES NORE RCCL C ETO EE
CCE
CEE TE ECE
eee
5,10,29
PEIGAIMUSM SDONGYVIUSi cacce se texscereensstet
ceeteaes testes ecose ceeenee ees 11

chipolanus, Spondylus ............000...-.
8
chipolanus tampaensis, Spondylus ...
a
8
CRINIQUIETISISWS
DONG) LUS amen eee nena ee
ne 8
Cidaris
IMELLLENSISAW
LAEHtaMlS5 9 qeeeeeeteereene
en eereeectce eeean
cere 14
sp. a of Jackson (1922)
GClarkjandeiwitcheli (SiS) psec scene en eee eee ne eee
14
GlypeasterMeamanrcksa1\8 0) eeseeseeseee
ne ceeeeee eeeeeere eee 16,17,18
caudatus Jackson, 1922 ................... Sane
14-17,/8,19,32
CONCAVUSIC@OlLEAUyM STO Merete
tet ee eee
13,14
CubensisiGotteaun Source seer
eee
ee ee
15,18
dalli Twitchell in Clark and Twitchell, 1915 ........0........ 14,15
duchassaingiMichelinw S55) eercscc strane creer eects
eee
18
maoadentroensis, N. SP. ..........00..+- ee
13-16,/7,18,19,31

PASTIGELSONN HODONY wee worse octem ee cous set oni cukanes doce nee detesoeeer eset

8

mAMpuillaseimestone FOrmMatiOn) 2..0..c.-+-csccssscvs
seoschvueescuenee 8,22
ANSP [Academy of Natural Sciences, Philadelphia, PA] ..............
RS
eee ree ck veel-wihivadowadwateaissavaciissenaia veanelesseacss 5,6,11,12,30
SIAL LAN IULIMMBTISSODSIS) wustaes cc sanesccuee eee ses vaseves vaennee oooee 13,14,22
Brn oOldeande Clarke (i934) ccccccocssccasiescwamacvesiencecesesesbsccetseoncees
17
Atlantic Ocean,

EASTERN
VES TCT
atropos,
I
WIQUAGL

er eee erator ccocionaeccev concn seuss avecaunine ve savteeetecemencetmesn
ccs’ 8
een Races rneel shah tector meh aaead neat sree sure
7,10,12
Cocop

SYD CATS

pote

SODOREE

Eee

PRO

O CoE

o [Seencer

14-17,20,34

cascicaccQbbheerac
GonenESE Ceca aBEEEE PACEERCER EEROcer eree RE osce 20

BAH AM AVIS ANAS) oe, carovaneun ciesveloswaeseastweawacdslweneu
dates meeesteae sects
BAT OAUOLIN
A OMe .62 06 o ese ne velco sesle wc seco nseclsesiemetcnes

16

5,6,14,16,20,33

Bed B of Saunders, Jung, and Biju-Duval (1986, text-fig. 26) .......
«CoO CASE COROHEREEC SETA CoRER RAR
eee Teena ore ae es
119332

Bed D of Saunders, Jung, and Biju-Duval (1986, text-fig. 26) .

19

ENA VME LANA acc si cele Sacceine Ses siseStlns cov odehautancnetnuaacesseese
onsets 5
Brin UdawlSlands ita. cscess oneansarone cote eseccedevewsucaeees
oceeeatee sees 20

BUTLONSMS DOIMAY
IS Hence a tacoeaae sas area eee

Ne Tao

Oe

ee

8

BMNH [British Museum (Natural History), London, England, U.K.]

ee
eS Aa cohFace aauliind sdiciautwicwauiincas atteneetoda Races 6,9,28
RILAN(9.8.8) Reem eter oan nansssse aooncesuase a canciocatne ora
13
bostrychites, Spondylus. .................- 2) ers
5-7,8,9-11,28,29
Bow GenwhOrmationy scc.ssessccces sereceeteecacseousee. ote ese eees 8,10,28
BaISSOMSIS|Ie We. Re Agassiz: 1840) c.7.0ccnrsvsscossesootescrsscseeees S2GOD
AEUAVOMSAnCheZMROig, 1952) co.jecsasusdecdeasvscesuasens-conoseeeeeses 22)
antillarum Cotteau, 1875

elongata Mortensen, 1907
HimenouCottea;, 1875) 2csc.ccccoescaesece
MESH TO Cal
yuirharms (UO GM rseae caceenesce ses dececeecescietocseceecenereee 22
TOC ETI (USS3) aeesncseanicestecouenanneorsrsarocec
ousaecniose ee tucetsence 7
Brown and Pilsbry (1913)

@hesheri@liO G8) rervecore career

Ghesheri@ 97/2)

re

ee

ee

en

ee

ee

ee

ewretece
eee eeonteeeeee

POSACEUS| eiNNACUSAIIV/D.S) imascesee ce dace ccetiesc ce aecseeeee sacks 15-17,19
SUDAEDrEssuss(GLAVAIS25) kcseess-ceccee
ees seecece sae ee
16,17

SUNMIIANGENSISIRGCTAILOGSIee
ase eeette eceeeseeee eee eee
16,19
cf. C. sunnilandensis Kier, 1963 ......... Ones
14,16,17,19,33
GodoretRormationy: c.accsceresencse
ote eee eee
12
COLOMBIENSISSS PONG UStasuccssessterceodee
seats
eee
8
CONCAYUS GLYPCASLETa
eect ease eee een
ok ane nee one
eee
13,14
GookeiGlOii9); Fase cee eee caccas ce one sc coee ee ence ee
ee
8
GookeiGiG59)\e csi cases ees She See
eee
20
Cooke (9 Gili) wescessce.ce ee sore rnc se eo ree secee sac ma eee
19,20
GotteauUyGUS SNe. sates cee cic «seuteususiessedsneoemsesceeee
13-18,21,22,34
C@otteauiGUS Sie scncarues eoaeoccuctececsbaeeeceancheceasseeeeeee
eee 14,21
Gotteaui(lSGi7)ie see eee cc ccssensee ce se eee eee ee ee ee
ne
21

Cotteau Collection [Université Claude

Bernard, Lyon, FRANCE]

dd ailebtieds siteenisine og SWalsS aslo ob ablecles Moun vonsaeoeene eeeo ence eene cere

cubensis,
GlyDeastemc sr an.cirs ese ke
eee eee
eee
EICHINODECIN Geren seese ses oe eee nee re oR ee

Dall
Dall
Dall
Galli

(1898)
(1903)
(1915)
Gly Peaster tresses cv.

eee vce oan

eon sec aek

ee

21

Pe

15,18
14

OD

8
8
8
14,15

BeairnsanGewWeellsi(U987) cooscccccssaeececec-csescsscceusessce-csesesseseeess
Caloosahatchee Formation ....

Dartevellei(iG53) pera seceetest mececss ee eee eee cee ee
17
DavistiGeorges Mig
sestscs cease ccewes sores ce cseace ia neeeene cones eeaes 5

PAN TAUTEMEOLIMN
A OM. sa-cosisc.csccdvavestoossaenscesecdacsestenscaeeaesheeee

delesserti, Spondylus

11

38

BULLETIN 339

(el 2AdOls SCHIZASLER ec en renee ete seer eae eee eee

eae eae

eee

23

Deshayes (1830-1832)
ots)
Dodge (lOS2)i se scz ja-s sconces seccoveseeon cave cw stascsccenctwonscece
teaeeseoeec 8

doederleini,
POT ASTOM Ss cecwae seaeee ds ose oeanec e Soe eo ee ee eects eee ce ance ac eeee

23
ISCHIZASLCT Ir eice sete cee eee
eee Sine
14-17,22,23,34,35
DMonovanvand! Gordoni(G89)iecce-secesencersee
seerceeee stecee eceeeeee 7
Guchassaingie GlyPeaStCrammercccc ecsecer eeeateee ee aeee see eesesea es eee
18
Murharni(l9 Gi) sees cccae occ etescs cose

eee ose ee eee ee cee ree eceetee

EBamessetial: (9 62) hase ecere cece seen doce oer eee

ose

came ae

22

16

FECHINOMELAIGTAy MS 2Q9iceeee areca coe en see See ee eee ee teens
Mie
lucunters(@binnacus.y1s/5.8) eeens--ee
nee cere pee
14,16,17,31
Echinopedina cubensis Cotteau, 1881 ..............6cc0eeeeeeeeneeeeees 14
Echinus lucunter Linnaeus, 1758
Eldredge; Niles) .:<5s..<.2cc. s8:0.sse0s oc eacengucedesasctnetesasdsuecenesceneeeee
CLONGOLAWBIISSODSIS epcneswaeec se ereeene seereee eee ender e eee
Pncopenle le RevA CASSIZ NS 4) soe eneen cr cncceceseete
ete: cost cece ee naen 19
aberrans Martens, 1867
19
aberransvaberransiMartens: 861) 21.2.-2esee=eseeastaseoaasseee 16,19
aberrans imperforata Kier, 1963 ....... (yee
14-17,19,20,33

micheliniy. We IRAGASSIZ5 NSA

cect ececssaseee=
cesta eens acee

19,20

michelintimperforata Wier. 1963) vsch-c2eenee
see sceeeeee- hae esc 19
WICKENINAVEr isCANN MLODSinn rene eesneee a. --iceen ca eeneene nen 19,20

anna (926)
Harris (1921)

=. siscscoveaoedoersnctns
sescssone eee ea eee eee

Hebertia jacksoni Lambert in Sanchez Roig, 1949 ..
Heneken: Collections .iccsessecscescenceherainets
saieccas essoscee eee eee
fermann (U7 Si) iascccceedoeevascine
snade-ceecsee seat act ee eee eeeee
Hertlein and Cox (1969)
Hodsoniand Hodson (1193)1))) 22.cccececc
nceccacssecee-cansenecseeeeeeeeen
Hodson;, Hodson; and Harris\(1927)) 2.0 <<. <2. ese eee neceeeeeeee
Hodson locality:2436 0 <.<ccc ..2:c.caeessss0sc0s0deseoee
seocc eee eee
Hoover, Peter ccc .wesaess es cseedexsoeesesnonce
nance onescece eee eee
Hubbard (1920)
2
Hyotissathaitensis: (Sowerby, 1850)! 22--2.2s.--eceese
ceresere eee eee

Imperial Formation: ::«<3 cccccec ses cove ses casoeece saan et eee
imperialis, SSpOndylus.<. .socccs-<-coneae-oee
seeseeroeenen eee
Indo-Pacific region
Jacksoni(U922) jicoc coccccacsecavcne
csscenester cones Saree

Jacksoni, Hebertia
Jeannet: (1928). osc .1c.coscecoceccseceneccccdscosstecstene
oe eee
jimenoi, Brissopsis

Jones, Douglas
Junei(l9G6S)) cs.ce--eeaeeece
Juang (1971) asesck esevedeaess odes ensaedac teased eae

ee eee

Bngels (19 Gill) cctessceencsacie awe ste one ew enceeec sce eae caste cncaste screens

23

JING (1.986)! 0. cccssceesscccsctecpessavessevesssesp-as
ousaseieeeoeeae RRREee

CFiINACEUS: SSDONAYIUS: «ce sncesens cos noseencaneacan: Hensoaetescsceneteeaeaaces
CUSL ATL, “SCHIZASTOMR” as cusses ews doweod s sosge Sea sos 50 Sianie denoassse Se neseceas

10
23

Jung, Peter
Jung and Petit (1990)

RalmouthvRormationecscs-ces
se neres soe tee reece tees eee ee ee ce acenee 17
Ramuly:SpondylidaeiGray) 11826) 22... 22... eaeesectensense
scars sens osoecs 8
fernandezi, SCHIZAStC? 2. oov..<. vscceswsnaes. ocesinsecw eis aesiewsewsereetaass 23
ermeirauQlOGS) hee scsscacccesesec te dec ce ote ce ot hi omeeapee es mosey seers Socetine= 8
Florida State Museum, University of Florida, Gainesville, FL

Deedee cura sha

has oa RSet ES ee Eda susan ee Rates RS CaN

Sa

acai

“formations madréporiques”’ of Guadeloupe ........................

18

(GPs) 0)i(
C75) tien Speaaonse dope ce Hee sas pe CE nETaosensonab a Hosncoososacuseuen

Gabbi€ollectionce-oa.os-ence necces sce
nes

Gabby WaeMa wos cosscenontsusocetastancamsenne
settee someon
ZAACKOPUSASPONGYIUS: Feeccccaniessecees
sesesenoee sree eee eee ateeeet
IPACAENODUSS 1SDONGYIUS eas csa son son cov coeaseces< aes wees eee
Gaideropa Deshayes, 1832 .......
ea cetendccess taps csctluseels de «celels ce ace

Soetoro

aoe

GeologicallSocietyof Hondon) <s.ccsccse-2 sce seotescese-decsedceenteteedents 9
Goldfussi(1833=1840) jcc cscs cscs sceccvescoscssteateoxcss
raster cert meee
Gordons (1963) vires oc cce debe ccescoe ce cocshe tee e erent aes

Grand Bay dhonmation)
Gray (USZS))

s.2.<.2saes saawsnncecacrexasseanastcee
meee eee

NUCASIA.S DONAlUS@=<rar=secheee
lucunter,

5,7-9,11

Guppy: (U8 76) 22.5 ssazecenecesave sreues sons cova cnsave cavacssseateeeseeeeeestees 9
Gurabo Formation ................. 5,6,9-16,19,20,22,23,28,29,34,35
tose teeeaeec eee eee

eee

Bi tkceees

5,10,11,29

Lytechinus variegatus plurituberculatus Kier, 1963 ................

ManchioneallBedS)...
eee

eeeecencee

TECRINOMECINAa occ anes san osseceecee
4
14,16,/7,31
ECRINUS) osccissieoess occcsgoce s gases Souschne aden cove CONC AE
17

Guppy (873)! ess: ssoceeroreccsce sesso occeeeecesercentete
costae cea a eae 8
Guppy; (UST4) icsiccssesicecccsccascacnsenccesesstscees
Soeease seteseaBeeoe eae 8

See cawacesewaca cect

Meske (1778)

IINACUS (758) oes. sscece ose cesace es cee
eee
§,6,8,14-17,19,31
Teogans (119877) ss.cessea05-<s-00nsbounceainesecetsueeiectnct
het cater eee eee 13

12: isccre-c.ceses-neeccsecse
swcoren necceesverece daeee

Gray) (S26): Sssts<dea cosesocconscusteadsteces
cesses oewsecessesce eect erseroma
(Ese:hA( (R357) )eeeanccecercactnacseencaceocBoceecucee
guamanomocon, Spondylus
GuanicavsimestOnevaressssescessseeereresesoets
Gulifiof MexiCopeersss
ss cee eset teere eae eee cre tare reset ee eee
Dry Tortugas i. .2 sie hes keener cetera dies sone cee heas Oe
EO

AGULENSISGEIVOLISSA™

Da Boca: Formation... ss..s:.<<5sshees
soebaeeoecsee eee eee
11
La Puerta
FROPMatiOn: ..5..5. 020 0-ceaased cat one sees adoasesngeeedecsteeeher
eereeeee eeeeEe 12
GOUP |occ oso sc sa csanscacatepeseceteascceecnceoce
oon eckects ieeee eee
syncline
Da Vela Formation, .5.2.0.<c.s-ccacssccnscceee-coeteneoe
eee ee
22
Tamarck
(8 00)). .s.0c.0.00ceussccsecte ancacacnceanecssacee tees eee
16,17
Lamarck: (18116) ig:.2. Seo. ceneecn coaster ee 14,16,17,20,34
Lamarck ((U8i19), ....cscsecaccacososecceasee
secacescesesueoe taseecaeaeeeeee 11,12
Lamprell (1987) ...
a
Lamprelll\((1989) occ cccc2.cs00ccdacqneccncdse
cneesssnesee Coote ee
7
Eeodia: Gray), V852) ...<icescssices
daseniaceses setaeseen ess eeheeeee eee 20
Léxico Estratigrafico de Venezuela (1970)

ee

wake sn ceesd jasceses issvie do Sacusansos vousenaposuenctoceeateee
ste

gumanomocon, Spondylus ............60..00006Guppys (ls 67) orcs sees cee ace cae neee nee seen

Kier (1963)
Kier (U9 72). oo. ocseeaescocsede nose soeae sacecousemenc toes See CE eee
Kier (1975) ....
Kier (U9 84)! occod sed. sheswsceeoses cen qea sceeosceemepeee tt eee ee eee eee eee
Kier/and Grant) (U965)\-. 5 s..sccc. cesconcesceecnadecscecctece
eSeeeeeee 16,17

13

osteri(1986)ince ssc see ccets eae soca noe esac oeriivenleuwaaaniesesoapeicse
sees 13
ROSteri@lhS 87) kore cs vowsese noes tone tases Soon Monee os at ee eo masa tecemeecnel
13

Garcia (UISY9) cscs

10
8

9

22.0. ccsce<. cssnentaccsnuss ists tos eeederiee oe

ff

17

8

Mansfield: (1937))....ccccic.cescacedesseavecsclesseccsoeewe
teeaeensest sseee eee 8
Mao) Formation! 623% 25). oo.5ccoasaseae
ee eee
eee 6,10-12,30
Mao Adentro Limestone Member ....................... 5,6,9-19,31
maoadentroensis, Clypeaster ............ Ay Shas
13-16,17,18,19,31
Martens'(l'867))i <; cscs. 0ctocosens cea cect Ae
ee
16,19
Maury’ (19117)y eccescsotcesecycatcedaceeec
snesc sen ene
8,9,11,12
Maury (1920)! occa teases ace seven uocnccuecuac couonesecneucameneas 8,10,11,29

!

DOMINICAN

REPUBLIC NEOGENE.

Mawe (1823) .......
11
McKinney, M. ........
a
13
WIGEhersOnn (UG G9) issecccs sce cccesacec eco sescctsec tice deren ssaseecmseeeseccses
17
MCZ [Museum of Comparative Zoology, Harvard University,
Cambridge, MA]
17,23
MIECILELEAN
CAIN SEA) -s8cettnsss.cosseteos
scr sexcane seesessouceesetueteetesseres 8
MT CECT (IO Si7) aie saben ce cues acacesteces sovaoseeceeses secteorcuscetecustsesencts
10
(GLEN GEGISS (CITT Dapep RAR erE CER UE DEC CORECHECER CONE REC rE eer e CEE CU ene
14
VIC LITLE Mea APASSIZS OA) sat awcseescassabecsuceesdesctaresesnscee 16,20
aclinensis Kier, 1963
20
CUTOMNIANG AVENE] 1S 4:li)i!wecsecdnucedeessncesossssetereceateeeeeons 20
CUINGULESD
ENfOrata (ILESKEwNTil/8))

SD ME
ivi

evsccesceeeessecenedeeceeeee
eseteses

20

aio sav beceteoceseeudeveen
wees feucws tees

elit (“BSS

aa cospesonasobsaeceoescosnosacceasebeeenasncce scocScoocssccanes

12 AND

13

39

Sanchez Roig (1949) ...
Sanchez#Roigi (i952) cm aassssescsee sas sou ocee easel aedeo neneasaiceneeee snl ee 2
Sanchez Roig (19538) ie-. ce ccns coe racers aeaeoe es eee ees tee

Sanchez Roig’s “late Oligocene” of'Cuba
sanctmariae, Schizaster

<.2:5.20...c.es.2+0.-000s0<

San Gregorio Formation
Saunders; JON es .sssccseescctecsssaeshe
stocoue oe
Saunders, Jung, and Biju-Duval (1986)
ceehaniunssiosacaeea ste toast Seeeee ae 5,6,9,11-13,15-20,22,23,31-35

ISCHIZASTErale) eatRowA GASSIZANLIS'S Oleeeaseeoreetoesteca
see
ee
cartagensis) (Sanchez Roles 1949))ceccnareseeesteucaeosece
oseenetmeee
delgadoii (Sanchez I2oig4 1953) eeee-tecere-cae
eee
eee
doederleini (Chesher, 1972) ....... TS ees:
eustatii (Engels lO Gili)! ecescesaece cece ce ssceweceeeceecen
merece eeeereneee

michelini, Encope
michelini imperforata, Encope
PAOMNOLMALOM. sek swsoscece fests de eoeeae oases tee etee se Pens eeiescseae?
RU OI AACA CASSIZ= IB 7:2) sat acacsncseceied see sseecccem eran Seat rete: neceeenntce 20

fernandezi Sanchez Roig, 1952 ..................
MUNOZ SANCHEZ RO ieee sete earce eeee sere eeeee
orbignyanus A. Agassiz, 1880 ....................
os
FOJASTSANChEZAR OIG 1952 ea eeee seats eee eee sme eeerese ee eea are

atropos| (eamarck;; 1'81'6)) ......-...<--.e------- Teens
14-17,20,34
MPOrtensenn (907) esasccecsescesesootededca-ceescafueascaeceerecerees 15-17,22
MLONTENSENY (94'S) hracdaseraccancause
acces deonesoncnsdecee none teoeoenaeeaane 17
IVIOTPENSED A(WO4S) a esseeteeswaces
sevoscawsiadsscdeasecedescssedcecseeen nace 16
BOG ETEN SENN GLO pi sats Scradenccs. ved sevice seas ohadseve cece teen tees sused 20

sanctmariae Sanchez Roigs U949) eeccecccsccioceacuasnatece
oeseere
Schmid ti@l8)1'8) |eee ae ecco rere eee eee acer ee eee
scotti, Spondylus

RPITLPLOZIN1S CHIZASLET rset e nee ase cee sees SOT

“shallow-water Gurabo”’ of Vokes (1989)

eae k

SCRE as Seleisan ee

RIMES POMP ISFESS ODSISH mecac te mene ners cece cece otene roc tinesbose sete esate ne rene sie

NMB

23
22

[Naturhistorisches Museum Basel, Basel, SWITZERLAND]
SSeCbES RSE CES ESE EEE EEAERERSErEG 5,6,9,10,12,13,16,77,18—23,29,3
1-34

Oak Standen bara (LOA) erece oes ete teceee ee ee ctu racetee tite ee reece
RO)ISSOMG (1922) mee karl cee at a ceases cotheceessenseemten

CONVSTIGIS Gseancao oA a sone son SoRBE EAE HEAR Buenas APRESS HR

aie,

at an

Serafiy(9i7:9) niox saccssteesessc cess each eer

at

HeaTHer 9 (19 Gilt) emrrceeee ane ee tee a ee RNR
eg
Te Oe ee
8,11
TATA GIGI722)) Reenter:
ae coe eer er arn Oe Ren aS, ee 19

BAS UT 611922)) een anaemia
ee) oem nee ee 8,11,12
I PUISCULUSMS
DONG IUSieenereasteetotten
area ehattereeeanecreeincte eteoeee 8
Bina DASHISIITICSLONE preteen cet eee nent renee nee nen en ne ee
8
Poddubiuk (1985)
Ponce Limestone
most-Galoosahatcheebedsy.c.:
1.5. -csascaceseeeacxseseseccczescesesesece 15,20
Ow cll ATnOldeest
ence. 2 tee. ee retent seen een LL Re ee
13
PRI [Paleontological Research Institution, Ithaca, NY] ....... 6,12

eee ett

oecbae nee

16,20,23

eae een ate ane

..............ccceceeeeeeeeeee

u

13
5

Socorro (ROrmationesccsse
essere sete oe aaron sean Pee eee ee tees 12
South- American essces. secrete
ae
16
MBTail hsHesse see cece odors woe eOe ee eae ee lowes see aoeack Poa
8,16,17,20
GolomDias eve. esses tees ose aees Soe ee ae
eT
8,23
Menezuelay cescccisrs rosso eo see cee ee NOOR SOE
Dabajura
Dabajuro

SowerbysQl850))

Pacific Ocean, eastern
Almera 9:5Shiteee rere cn co acts asec sheee nt oceeens ee eons tere on caermenens
iparasteriaoederieint Ghesher? 1972)... .5.5.:2.0.:0seseceseentseceee
ese 23
LERRGIGN IIM E TR aalehad cena arses ane ner i Her esi
ont yee tht facie 13
Polen Getin ed! fees rescner es este sets on tre Seccacaties omer ee nee 17
Bemilliatuvlontoyal (963)! :csssescse ce rcrcsce te cease sores ee areteetnec eters 8

IDICEDSNS DONAVIUS te ee een enna re enero

eee

Shaak: Graig. Geese csssccsete eae coat nese e cosas

State of Falcon,
BuchivacoaD istrict ese. scone teen enen ea eeee ee
RiosSecorarcal
leis: 6
re en
ee

SI DVO ANUSHES CHUZASLCM aneete crea danee rs eeeadonenasec
sede cetetee ae
“Ostrea” haitensis Sowerby, 1850

15

ciccceccch ose

a eoes

toa dota bse

eee

ee

12
20

8,9,12

SD MELA hee coctrsice sot ue cs sacea eee eae
(eee
14,16,17,20,33
Ey oe G7 (21 Kees opa nance erieCee EES Saas no BPE SHE DG EOaE SannGndris: RHEMEAEe 13,14
SDs indets,,S DONALUS a.ee echoes cacao ee ane race pes Oe
8
Spatangusiatropos LamarckasllSll@ eer aoe eee seats ease tee cence
20
SpondylusMinnaeus; M758 er. ceeee acessees sees seeder vetoes 5-7,8,9,11,12
Americanus Wamarckspl Sly c-sec.connececoneet
ercence noeericeec ae 11,12
americanus Hermann; 1781) «..22....<<.<-..-. 1(ee ae 8,10-12,28
anacanthusiMawewl823
secs enero
11
bifronsiGoldfisspl835 mecccusceoee
eee tostescre tee eect
8
BULONS:SOWeTDYs USS Oleenceeconeee
descr ceeeaten eee eens
8
bostrychites Guppy, 1867 ............ M2 eee
5-7,8,9-11,28,29
carmenensis Hodson in Hodson, Hodson, and Harris, 1927
FE SEE ROSTER CSO ER OU SBE OEP ESreA CER EARE PER DEERE GRO NGa ROE baseoncEascocs 11,12
ChipolantusmMDallGlS9 Sie. ves eteec acces cece secs
eee ee
8
chipolanus tampaensis Mansfield, 1937
8
chiriquiensis:@lssom 92202 os.sscececeentenssescnccesscsceseee
eee
colombiensis. Weisbords 1192972.
sca .eee-casere eee tsk seetencte eee ere sec

8
8

Ouebradillassleimestoney eccsracc.ceressess
scses seeseecesseneseseereee ss sD
ELIT CUICSDEl]
ONAL WIVCLILLG wenaeenn sean ec eee nse. te neces ae 20

délesserti\Ghenu elS45xe
eee eerste eee
11
CFINACCUSIRCEVESAS'D Oh oxesee ccs stack ue seaeseane ee cee ndaeneeece soreeeeck 10
GAACTODUS as oies seseescsecaee vase tae HOTS oO
8
BACAETODUS PANNACUS MD Bisccescosea sees ase te santeetos sree ee tnsce neces 8

RRATNITETZ (195©) emer
SAW ETIELU IISA) ace eeet ee tee

guamanomocon Pilsbry and Johnson ......................00.0000511
gumanomocon Brown and Pilsbry, 1913 ................2.0c0eceeeee
sees

eae ec acca ce ae SOTO
seat ele oe te tne ae

REEASMIOCALIDY IS Olerene ote c.cceue see eaten
RCE NCIS OG) teste ee reset eee tees Rene
BCA ELSTANS CHIZOSTCI Meet eo sece tetera

seu oretoret nese
8
ee
EUS
20

eee neat ase aea cee nessa eee

Re
cere mete

ccecisare conennae ame
nae ees eee teat

10
10
23

ODE (CORD Maes camtcpeccpecesanscercn
caonocreese cabaGeeme este Eee aeaa ee il
BOSACEUS =GLYDEASLClaas etre a2ac cece caseectiaaess
eesuese aseotsees 15-17,19
ROSEN DEIR Gal yan tree cr te erecec Meer eect ne ent ctieaeeae tatoo rese eee 5

LS EEE COaLe Tae Bote sec Tom tenant nveseceeneneseei anes

imperialisiGhenus

Si ees

843i cescscs. eseesecess snes sees Fo

O—7,005 12-30

OR

ane

8

(UCASTUMAaliy a92 0 meseseessteesceeee
secteseecor eee OMe seer
5,10,11,29
DUTISUISCUILSIW DITC IO Silanes scasene seach. eee ceeeon acesceckc stoner creer 8
IDVINCEDSMBTOGETIP MSS Site eecsssscescenearecachucseenessescsstctereaeeces 7
Scolt Browniand Pilsbry, W913) vosc-2.-.2-csess-sccscescercacaeeseee 8,11

40

BULLETIN 339

Spondylus
Gjo), 10s Goonnedessecessasees
varians Sowerby ..........--subd epressus. |ClYyDCASLEM cms seee nace se sieeoes ness en eedaceeteeeesees

sunnilandensis, Clypeaster
sunnilandensis (cf.), Clypeaster ..............

One

14,16,17,19,33

Tamiami Limestone Formation ........-22-.-222c--s2-eo-eeses00see 19,20
Buckingham Limestone Member .....................2--02-s00ee002e
15
Gham pal WimestOne eeseces sone ea -c =e eee ese eee tere tec ac t= nan eteeeee 8
Mrechmann! (11930) itievessesesesceseeee
teeta tee eenee eases
TU [Tulane University, New Orleans, LA]

ee TR
ISIS chee 6,7,9-12,14,17,19,20,23,28-31,33-35
Meubaral Group cosets see cece esc a eas sews see see aaa eeeteemeesesee 8
United States,
(CELESTE, = no scoceodc ssc cc eco e eC Re IC IECOGAEOUTO SC CCHESOESEOECERAnOSCECS
(EG) (in ieteneme bre rb aoscacer econ eeeneacr a ne aepacocon ob soeonineracsnencornpce
loridal,
Sse Seen eee eases Me Rescate
Bl Onid aleysie cere cee naecetsee sn cecnnce see ennenchancsncaeese

POtreLO:.

VATIONS OSDONGVIUSH eeces aecaesenedar ates snantesanca-weceoenaete
seeeeneeseee
variegatus plurituberculatus, Lytechinus
la (192i)

eres ccrnscacses secs atcansers ans streets tevosatennce

Wokes te svbls (1989) eerste ssccaecncceaescoeeet
enoceecenea ens sencannorne 5,13
Vokes, Emily H. .......
Vokes, H. E. (1986)
Vokes, H. E. (1989)
WokessiHaroldBs soc ssescccsscssceseccnes
ceeen-e-2 sieaees owensw-a aces rec 13217

Waller: sbhomasiRe .s.ccsescoses-coce
saecsechs seas teereencees sessseecsanseme

339

.5i.5beccc.c sc ieeb css nascdees tee

Greater Antilles
(GUDasc xc cnss cose sc cees eo ease eee ea ose enone eee
ees
Las Villas Province, San Martin Cienfuegos ............... 22
Oriente Province, Guantanamo, near Puriales, El Jobo ......

22

9
7,9

Rio Cana
6,10,12,14—16,18—20,22,23,29,31,33,34
GAR sesso. nensstede caawoecne cooneee eee
20,23
Rio Guayubin
6,12,14
RIGIGUrADO wee pee ee oe eee
6,9-14,16,19,28,29
RIO Mao) vs50505: 0sd05ecngorec ecestecnte
6,12-14
Cercado de Mao, Bluff 1 of Maury (1917) .............. 9
Rid Werde icc ceceseucsasscctareccostoc tee
6,14
Rio pyYaqueidel Norte’::;..--ssne
eee eee 6,14,16,19,20
IATTOYONEOPCZ) pen c.s6en. cna ne-9-e= oe ee ee
15,1932

Lay Barrana)s 2.22355. So cche< sesen eeses ee
Lopez
Sabaneta
Samba Hills
San tia gous reset cee forsee coneees
Santiago de los Caballeros
Santiago Rodriguez (Cruz de Santiago) ........
Valverde:

16

6,14,20,23
oicciddvccsccsscscacsidscesansadnerenaaeeoee
tee eee 6,14

ZAMIDE osc eda nces aantccuestucceuwen
nescone eee 6,14,20,23
Santo Domingo <2. . 0.0.5 ..0..cce0ssensoxesost ote ee
12
JAMAICA «oc... cieecos cases ec og doe soeeeeet eoase dean eee
8,10,16,17,28
Puerto Rico
10,11,15,16,18,29
GuanicatHarbor’ s..<scccsscsesc
sconce ecses toons coneeeeeeeeE eRe
“San Domingo” ......-2.2:<-s<s00.-2+sss05seasedese: see
“Santo Domingo” ..
Besser Antilles: 2.32 siciiecseiscoccs
vacances des cveoteesesieeee eeee
Anguilla’ <..;s.cscsse.ceessusivss
cious sodeesestasasoccwen socee caeeeEeREee
Guadeloupe
St. Eustatius
Mrinidad’s...5-.0.

Wit) (1887) cae cccs acs sicteesnsewdes tavessesesaecs cece see: oa dee eee
wiedenmayeri, Encope

Wieisbords(111929)) ococccc ce cc ceocccc scenes enee-casenteces saewenn ane eneawnemnena
IWiesth Indies tess seco concer ence sp sacenarsstecn tucenes sete se soanectaceseecees

Dominican Republic,
Arroyo La Mora, west of Cevicos ...........2.-..-:0eeeeeeeeees

Mao» ie. Siri hate bee ive ctediee Ser
eee
6,14
IMLOGAL os cccsZeeeeiaensncsameacdaisteossstue
licen Chee eee 6,14
Moncion ...
Navarrete
6,14
Rio Amina
6,9,10,14

“La Represa’® ...2..2:.0.0v..00cssd0000es
0000 se

IROGTIPMEZ NC YMasecerens teecn se saceeseccnoeesencnancacneeean
IBOENNED TINE) Soocercoccoanccecs
as0on=eEREE aapcebeepodedoapcpcosacc Sonsconse.
North! Garolinaged
eters
a nas eect sare ssce nn ne-eeeeeee
G@apetblatteraswe
tesco cares ee enc eee eae ss aes cera no seoeennoennee
South Carolina
Horry Co., Intracoastal Waterway canal
INfvitlew Beach! fec<ssceeecssccseesseca:
caseaeeaecevesennesancmene-cn-aence
INGKOMS| CLOSSTOAGSE-sesore
soo oae sone cases eos cnc ceac anne seenee semen
southeastern
ws
WArpiniambOttSDUnp tes sost cece cece veee ase ee cn eacee woe peeeeme sone
University of Tennessee, Knoxville, TN ................-.:0seeeeeeees
Wirumaco Bormationive..sc-.ceee-<
nese sees ssooee Settee
donb reen sean
USGS [United States Geological Survey] ......................
USNM
[United States National Museum of Natural History,
Smithsonian Institution, Washington, DC] ........................-Geese
te aos cbeel 5,6,9,10,12,13,77,19,20,22,23,28-31,33-35

Waughanteetia

Gibao! Valley -c<.csc. ccc seccace sec ccsescesesees cee eee ee
5,6,14
Arroyo Bellaco [= Arroyo Beyaco] ....
Arroyo Punal
Arroyo Zalaya [= Canada Zalaya]
Baitoa
Bullacesceaccescosrsco
essese
Canada de Zamba
ESPOLANZa) co. sc coeseee- <so sce aceso seen nan eee oe one cae eee
eee 6,14
Guayubintes.-ecee enone caeee ee 6,11,12—14,17,20,23,30,31
J AMICO is. Soceccscc ns secs bec ce setae eee
6,14

Re

Woodring (1925)

Woodring (1982)

Wright (1855)

Zone Diofi Maury)
(GUT) ic ssececcnec seco -teseseereee
eee eee
9,12,19
Zone Foti Maury; (U9) xc ecceeece nen serens ora sons seen ceeee eeeeemeeee 9

PREPARATION OF MANUSCRIPTS
Bulletins of American Paleontology usually comprises two or more separate monographs in two volumes each year. This series is a publication outlet
for significant longer paleontological monographs for which high quality photographic illustrations and the large quarto format are a requisite.
Manuscripts submitted for publication in this monograph series must be
typewritten, and double-spaced throughout (including direct quotations and references). All manuscripts should contain a table of contents, lists of text-figures
and (or) tables, and a short, informative abstract that includes names of all new
taxa. Format should follow that of recent numbers in the series. All measurements
must be stated in the metric system, alone or in addition to the English system
equivalent. The maximum dimensions for photographic plates are 178 mm x 229
mm (7” x 9”; outlined on this page). Single-page text-figures should be drafted
for reproduction as single column (82 mm; 3'4”) or full page (178 mm; 7”) width,
but arrangements can be made to publish text-figures that must be larger. Any
lettering in illustrations should follow the recommendations of Collinson (1962).

Authors must provide three (3) copies of the text and accompanying illustrative material. The text and line-drawings may be reproduced xerographically,
but glossy prints at publication scale must be supplied for all half-tone illustrations
and photographic plates. These prints should be identified clearly on the back.
All dated text-citations must be referenced. Additional references may be
listed separately if their importance can be demonstrated by a short general comment, or individual annotations. Referenced publication titles must be spelled
out in their entirety. Citations of illustrations within the monograph bear initial

capitals (e.g., Plate, Text-figure), but citations of illustrations in other articles
appear in lower-case letters (e.g., plate, text-figure).
Original plate photomounts should have oversize cardboard backing and
strong tracing paper overlays. These photomounts should be retained by the author
until the manuscript has been formally accepted for publication. Explanations of
text-figures should be interleaved on separate numbered pages within the text,
and the approximate position of the text-figure in the text should be indicated.

Explanations of plates follow the Bibliography.
Authors are requested to enclose $10 with each manuscript submitted, to
cover costs of postage during the review process.

Collinson, J:

1962.

Size of lettering for text-figures.
p. 1402.

Journal

of Paleontology,

vol. 36,

pATE DUE

pemco

INC

38-2931

WITT
3 2044

072 271

968

ry
LUPO
ateG
ei i)

eae
eetratcfce
ats ts
eeeereernitone
ert?

reat
ets

er eee

